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1.0   INTRODUCTION 
  

1.1 PURPOSE AND ORGANIZATION OF REPORT 
 

In 1998, the United States Environmental Protection Agency (EPA) issued a 
Record of Decision (ROD) for the Burgess Brothers Superfund Site (Site) located 
in the towns of Woodford and Bennington, Vermont (Figure 1-1), that included 
implementation of a remedy to address landfill waste and impacts to groundwater, 
surface water and sediment.  Figure 1-2 is a site base map showing topography 
and key site features.  The major components of the remedy included: 

 
• placement of caps over the Landfill Area and former Marshy Area; 
• installation and operation of a soil vapor extraction/air sparging system 

(SVE/AS); 
• long-term monitoring to determine the effectiveness of natural attenuation: 
• institutional controls; and 
• Five-year reviews to assess the protectiveness of the selected remedy. 

 
In addition to these components, the ROD included a provision that if EPA 
determined that the selected remedy was not effective and that remedial action 
objectives were not attained within an acceptable timeframe, an alternate remedial 
action would be evaluated and implemented.  
 
A review was completed five years after implementation of the site remedy.  The 
Five Year Review Report for Burgess Brothers Superfund Site, Woodford and 
Bennington, Vermont dated March 2005 concluded that the current remedy was 
functioning as intended by the ROD and provides for short-term protectiveness.  
Although EPA concluded in this report that the remedy was protective of human 
health and the environment, a number of concerns and limitations regarding the 
capability of the current remedy to be protective in the long term were identified.  
The Five Year Review Report recommended a re-evaluation of the source control 
and groundwater remedies, and indicated that modifications may be required to 
achieve the remedial action objectives. 
 
On April 3, 2007, based on the findings of the 2005 Five-Year Review, additional 
data collected after the review, and follow-up meetings and discussions, EPA 
required that the Potentially Responsible Parties (PRPs) complete a Focused 
Feasibility Study (FFS) to evaluate possible measures to prevent migration of 
contaminated groundwater by controlling the source of the contamination so as to 
meet Interim Cleanup Levels (ICLs) at the compliance boundary, and to protect 
surface water from exceedances of the Performance Levels (PLs).  The PRPs 
submitted an initial draft FFS to EPA in June 2007.   
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The 1998 ROD for the Site addresses VOC and metals contamination in 
groundwater, surface water and sediment.  As detailed in Section 1.4.3 of this 
report, based on post-ROD monitoring data, metals are no longer seen as posing 
an unacceptable risk to groundwater, surface water, or sediments.  This FFS 
addresses only the continued VOC contamination in groundwater and surface 
water.   
 
This FFS was completed in accordance with the USEPA Guidance for 
Conducting Remedial Investigations and Feasibility Studies under 
CERCLA (USEPA, 1988).  The FFS Report is organized as follows: 

 
Section 1: Introduction – includes information regarding the site description, 

land use, and history, as well as the nature and extent of 
groundwater and surface water VOC contamination and 
contaminant fate and transport. 

 
Section 2: Identification of ARARs and RAOs for Surface Water and Ground 

Water – provides a basis for evaluating the Site remedies, by 
identifying ARARs and Remedial Action Objectives and goals. 

 
Section 3:   Identification and Screening of Technologies – identifies and 

screens potentially applicable remedial technologies. 
 

Section 4:   Development and Screening of Alternatives for Surface Water and 
Groundwater – develops the remedial alternatives for groundwater 
and surface water and provides an initial screening of the remedial 
alternatives. 

 
Section 5:   Detailed Analysis of Alternatives for Surface Water and 

Groundwater – provides a detailed evaluation and comparative 
analysis of the remedial alternatives for groundwater and surface 
water. 

 
For purposes of developing remedial alternatives, the Site has been divided into 
the following three areas, shown on Figure 1-3: 
 
Area A - Upgradient of Landfill Compliance Boundary – This area is located 
upgradient of the compliance boundary and includes the Landfill Area, former 
Lagoon Area and the capped portion of the former Marshy Area.  Area A contains 
elevated levels of VOCs in groundwater that are orders of magnitude above ICLs 
set forth in the ROD.  The former Lagoon Area was located within the Landfill 
Area, where liquid, sludge wastes were disposed, and where the SVE/AS source 
remedy was implemented.  The former Marshy Area is located hydraulically 
downgradient of the former Lagoon Area and Landfill Area.  Prior to landfill 
closure, this area was a low-lying marsh with natural surface water drainage 
swales and landfill leachate seeps, and was the primary area of discharge for 
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groundwater moving beneath the landfill.  The landfill capping system was 
extended over that portion of the former Marshy Area in Area A.  In addition, 
surface water drainage features within Area A were realigned.  

 
Area B - Downgradient of Landfill Compliance Boundary – This area is located 
immediately downgradient of the compliance boundary and now extends 
southward approximately 200 feet to the W-09 well cluster location.  This area 
contains elevated levels of VOCs in groundwater that are orders of magnitude 
above the ICLs set forth in the ROD.  At the time of the ROD, these elevated 
levels were found in wells adjacent to the compliance boundary but these elevated 
levels are now found 100 - 200 feet southward beyond the compliance boundary.  
The groundwater contaminant plume also expanded approximately 30 feet to the 
southeast, towards W-06D, since the 1998 ROD.  A significant portion of Area B 
is within the former Marshy Area. 
  
Area C Downgradient Plume Area – This area extends downgradient from the W-
09 location and ends where the VOC plume reaches ICLs, between P-02 and P-
08.  The Area C plume is essentially unchanged since the ROD. 
  
The Remedial Investigation (RI) of the Site included extensive investigations (e.g. 
test pits, geophysical surveys, and soil borings) to evaluate if there were other 
defined potential source areas within the landfill.  Although no other defined 
source areas were identified, the RI Report concluded that other areas within the 
landfill may also be contributing to VOCs in groundwater.   

 
1.2 SITE DESCRIPTION 

 
1.2.1 Physical Characteristics 

 
The Site is located in southern Vermont in the towns of Woodford and 
Bennington, between Burgess Road and the Walloomsac Brook, as shown 
on Figure 1-1.  The latitude of the Site is 42 52’ 40” and the longitude is 
73 09’ 00”.  The Site consists of approximately three acres located in the 
northeastern section of a 60-acre parcel.  The landfill occupies 
approximately 60,000 square feet (SF) or about one and a half acres and 
the former Lagoon Area is approximately 4,000 SF in area.  The Landfill 
Area is enclosed by a perimeter fence that contains 3.26 acres.  Access to 
the Site is through a controlled gate on the Burgess Brothers Construction 
Company’s facility on Burgess Road, approximately 1.1 miles southeast 
of the junction of Burgess Road and State Highway 9.  The Green 
Mountain National Forest borders the 60-acre parcel to the north and east.  
A residential dwelling, located on the 60-acre property, is approximately 
900 feet northwest of the landfill.  This residence is connected to the 
public water system. 
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Prior to implementing remedial action activities at the Site, the landfill had 
a steep eastern slope that terminated in the former Marshy Area.  There 
were also a number of surface water drainage swales at the southeastern 
toe of the landfill.  A number of active leachate seeps were present along 
the steep eastern slope of the landfill along the west side of the former 
Marshy Area.  The former Marshy Area received surface water runoff and 
groundwater discharge from both the landfill to the west and the eastern 
hill slope (Harmon Hill) to the east.  The swales in the former Marshy 
Area subsequently discharged into a surface water body that has become 
known and referred to as the “Unnamed Stream.”   

 
To promote conveying surface water drainage away from the landfill and 
cap the landfill, it was necessary to reduce the grade of the steep eastern 
side slope.  This was accomplished through material placement, re-grading 
and re-contouring portions of the former Marshy Area and lining portions 
of the adjacent swale.  A continuous multi-layer (or “composite barrier”) 
cap that includes a vegetative layer, a drainage layer, and a high density 
polyethylene (HDPE) impermeable layer was installed over the Landfill 
Area and portions of the former Marshy Area.  The compliance boundary 
for the landfill was established near the downgradient limit of the multi-
layer cap.  Those portions of the former Marshy Area not under the multi-
layer cap were covered with a permeable barrier and re-graded to 
accommodate the modifications to the eastern slope of the landfill.   
 
After capping, the former Marshy Area and associated swales at the toe of 
the landfill no longer exist as the primary discharge point for groundwater 
downgradient of the landfill.  Surface water drainage from the landfill is 
now controlled by a series of swales lined with HDPE and riprap along the 
steeper eastern slope.  Modifications to surface water flow patterns were 
also made north and east of the Landfill Area and former Marshy Area.  
To the north, a swale was created to divert surface water around the 
upgradient area of the landfill cap.  To the east, a major swale (Hillside 
Diversion Swale) was excavated along Harmon Hill east of the Landfill 
Area and former Marshy Area.  The Hillside Diversion Swale diverts 
surface water flow and runoff from Harmon Hill away from the landfill 
and toward the Unnamed Stream at the new southern landfill toe-of-slope 
swale. 
 
Following completion of construction activities, it became apparent that 
the combined effect of re-grading the landfill, filling in the former Marshy 
Area, creating new drainage swales and diverting upgradient surface water 
resulted in changes in the direction of groundwater flow.  More 
specifically, groundwater flow from the landfill shifted from a more 
easterly flow into the former Marshy Area (pre-landfill closure) to a more 
southerly flow, towards P-09 and the W-09 monitoring well cluster.  Wells 
located in the former Marshy Area (the W-04 cluster, W-06D, W-03 and 
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W-05) were no longer receiving surface water infiltration and groundwater 
discharge from Harmon Hill to the east.  As detailed within this report, 
this subtle shift in groundwater flow has played a significant role in 
altering the downgradient distribution of VOCs in groundwater.  
 
There are currently 54 wells and/or piezometers used to monitor 
groundwater quality at the Site.  Figure 1-2 is a site base map showing the 
site physical features, including the limits of the capping system over the 
Landfill Area and former Marshy Area, limits of the institutional controls, 
site buildings and roads, site topography and all monitoring wells and 
piezometers.   

 
1.2.2 Land and Resource Use 

 
The primary land use in the vicinity of the Site is undeveloped forest.  
Burgess Brothers, Inc. formerly used the area immediately to the north of 
the landfill for limited sand and gravel mining operations, stockpiling of 
soil (for screening and resale) and limited scrap metal storage.  Those 
operations were slowly discontinued from approximately 2000 to 2007. 
 
Industrial, commercial and residential properties are located along Burgess 
Road, approximately one-half mile southwest of the Site.  Approximately 
fifteen hundred feet to the northwest is a residential development along 
Barney Road, which is connected to public water.  Two municipal water 
supply systems, Ryder Spring and Morgan Spring, are located over 2700 
feet to the south of the Site.  These water supply systems are operated by 
the Bennington Water Department.  Two private drinking wells are 
located approximately 1900 feet west and 2000 feet south of the Site.  
Repeated sampling of the residential wells and water supply springs 
during the RI documented no impacts from the Site.   
 
Surface water flow from the hillside area east of the landfill (known as 
Harmon Hill) is controlled by several drainage swales, which flow 
southwesterly into the Unnamed Stream.  The Unnamed Stream flows 
southwesterly into Barney Brook, which empties into the Walloomsac 
River.  Both Barney Brook and the Walloomsac River are classified by the 
State of Vermont as Class B waters (i.e. waters of a quality that 
consistently exhibit good aesthetic value and provide high quality habitat 
for aquatic biota, fish and wildlife).  The permissible use of Class B waters 
include public water supplies (with filtration and disinfection), irrigation 
and other agricultural uses, swimming and recreation.   
 
As mentioned above, the Landfill is surrounded by a chain-link security 
fence with locking gates.  The access road leading to the Site is also gated, 
locked, and controlled by the Burgess Brothers Construction Company.  
Institutional controls, as required by the ROD, have been implemented.  A 
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Grant of Environmental Protection Easement and Declaration of 
Restrictive Covenants was executed by Clyde Burgess (former Site owner) 
and the Secretary of the Agency of Natural Resources for the State of 
Vermont  (recorded in Woodford land records on March 5, 2005 Book 39, 
pages 63-74 and in Bennington land records on February 23, 2005 in Book 
418 page 71).  This Easement and Declaration, which runs with the land, 
prohibits the use of the groundwater as a drinking water supply and the 
use of the land for residential and other purposes.  A copy of the Easement 
and Declaration are included in Appendix A. 
 
In addition to the institutional controls required in the ROD, the 
groundwater beneath and immediately around the landfill was reclassified 
by the State from Class III to Class IV.  This was accomplished through a 
petition submitted by the VTDEC, at the request of Burgess Brothers 
Steering Committee, to the Secretary of the Agency of Natural Resources 
of the State of Vermont.  This request was approved by the Secretary on 
November 6, 2003.  The reclassification prohibits use of the groundwater 
at the Site as a domestic water supply, unless otherwise allowed by the 
State.  The area of groundwater reclassification is the same area that is 
covered by the Grant of Environmental Protection Easement and 
Declaration of Restrictive Covenants. 

 
1.3 SITE BACKGROUND AND HISTORY 

 
1.3.1 Summary of Past Land Use 

 
Starting in the early 1950’s the Site was used as a metal salvage facility 
and disposal area.  Metals, sludge, rejected small appliance and military 
specialty batteries were also disposed at the Site.  Site investigations and 
information provided by the former site operator indicate the landfill also 
received newspaper and building demolition debris.  The former lagoon 
cells (unlined earthen pits, designated as the former Lagoon Area) 
received liquid wastes and sludge from approximately 1967 to 1976.  
These wastes consisted of lead sludge, lead contaminated wastewater, 
spent solvents (primarily trichloroethene (TCE) and tetrachloroethene 
(PCE)), and battery wastes.  
 
As a result of these past land uses, the groundwater in the kame sand and 
ablation till has been impacted by the landfill and the disposal of wastes 
into the former Lagoon Area.  In addition to TCE and PCE, other VOCs, 
including vinyl chloride, chloroethane, 1,1-dichloroethene (1,1-DCE), 
1,2-DCE, methylene chloride, and benzene, and several metals have been 
detected at elevated levels in the groundwater. 
 
The groundwater within the bedrock remains unaffected by the Landfill 
Area or the former Lagoon Area.  Elevated levels of VOC in surface 
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water, above PLs, are detected in the toe of slope swale and upper reaches 
of the Unnamed Stream (upstream of sampling location P-23).  Further, 
downstream and within the area covered by the Grant of Environmental 
Protection Easement and Declaration of Restrictive Covenants, VOCs are 
not detected in the Unnamed Stream above PLs. 
 

1.3.2 Summary of Previous Remedial Actions 
 

EPA issued a ROD in 1998 that selected the following remedy. 
 

• Construction and maintenance of a multi-barrier, low permeability 
cap with drainage controls, over the Landfill Area. 

• Construction and maintenance of a cap over the Marshy Area. 
• Installation of a landfill gas management system. 
• Installation, operation and maintenance, and monitoring of an 

SVE/AS system in the former Lagoon Area, including treatment of 
off-gas from the system. 

• Institutional controls to protect the capped areas, to prevent the use 
of groundwater potentially impacted by the Site, and to inform 
future purchasers of the groundwater restrictions associated with 
the property. 

• Long term monitoring of groundwater, surface waters, and 
sediments. 

• Modeling and evaluation of contaminant degradation rates and 
pathways to evaluate the effectiveness of natural attenuation. 

• Five-year reviews to assess the protectiveness of the selected 
remedy 

 
Installation of the multi-layer cap over the Landfill Area and soil cap over 
the former Marshy Area was completed in 1999.  The Final Construction 
Inspection meeting was conducted on December 14, 2000 and EPA 
approved the Remedial Action construction activities on January 4, 2001. 
 
Most of the remedial objectives of the Landfill and Marshy Area Cap have 
been achieved by preventing direct exposure to waste, contaminated soils, 
and controlling gas emissions.  Ongoing site inspections indicate the 
capping system is extremely stable and maintenance free (with the 
exception of grass mowing), with no areas of erosion or settlement.  
Therefore, the remedial objective of reducing or eliminating the generation 
of landfill leachate continues to be met by the cap.  Prior to capping, 
however, a significant source of contamination may have been created 
within the saturated soils from rainfall and surface water leaching through 
the landfill.  This source may continue to affect remedial actions at the 
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Site for an extended period of time.  Therefore, the landfill remedial 
objective of controlling the source of the groundwater contamination has 
not been achieved. 
 
The objective of the SVE/AS system was to eliminate, to the extent 
practicable, any on-going impacts to groundwater from source material 
remaining in the former Lagoon Area.  The AS/SVE operated from 
December 2000 through 2002, at which time it was determined through 
pulse testing that the air-sparging component of the remedy was no longer 
significantly contributing to VOC mass removal and was discontinued.  
Operation of the SVE system continued through 2005 with some of the 
vapor extraction wells being operated continuously, some intermittently, 
and others remaining off as influent VOC concentrations and removal 
rates progressively declined.  In January 2004, the influent concentrations 
stabilized at approximately 225 ppm while the system was operated in an 
“optimized” configuration.   

 
Operation of the SVE system was suspended in February 2005 due to the 
relatively low influent VOC concentration.  The SVE system remained 
shut down through mid-2007.  At the direction of EPA, operation of the 
SVE system resumed on August 30, 2007.  When restarted, the total VOC 
influent concentration was initially around 1000 ppm, but declined to 
approximately 200 ppm within two weeks.  The SVE system was shut 
down in October 2007 when breakthrough of VOCs occurred in the next 
to last carbon vessel.  When the system was restarted on June 17, 2008, 
the total VOC influent concentration was approximately 600 ppm, but 
again decreased to and stabilized around 200 ppm within two weeks. 
 
Operation of the system continues today, primarily with extraction wells 
VW-1 and VW-6 open (located at the south end of the lagoons).  Pulse 
testing of the sparge wells in the shallow saturated zone beneath the 
former Lagoon Area demonstrated no increase in the concentration of 
VOC produced from the SVE wells.  Those tests suggest that there are no 
significant residual VOCs present in the shallow saturated soils or 
groundwater within the lateral or vertical reach of the sparge well network.  
The stable SVE influent concentration measured at Vent Wells #1 and #6 
may indicate residual VOCs are present in either or both the saturated or 
unsaturated zone. 
 
VOC concentrations in downgradient kame sand and ablation till wells are 
several orders of magnitude above ICLs.  The highest VOC concentrations 
in groundwater are currently detected in the vicinity of the W-32 cluster, 
W-04 cluster, and P-09, indicating that the area of highest concentrations 
within the groundwater plume has moved downgradient from the former 
Lagoon Area.   
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Groundwater flow and contaminant transport modeling, completed at the 
time of the Feasibility Study and ROD, estimated the effects of natural 
attenuation by predicting TCE concentrations at various down gradient 
monitoring wells.  This model predicted that groundwater cleanup levels 
would be achieved at the compliance boundary in approximately seven 
years after complete source removal.  The complete removal of the source 
of VOC contamination was to be achieved by an SVE/AS system.  It was 
predicted that the SVE/AS system would require 6 months to 2 years to 
remove the estimated 25,000 pounds of VOCs potentially present in the 
former Lagoon Area.  After two years of operation (2002), the SVE/AS 
system had removed nearly 38,000 pounds of VOCs.  By 2005, the system 
had removed nearly 45,000 pounds of VOCs.  From 2005 to present, 
influent concentrations have declined significantly and resulted in 
approximately 5,000 additional pounds of VOC removal, for an estimated 
50,000 total pounds of VOCs.  The operational data from the SVE/AS 
system clearly shows that the estimated groundwater cleanup timeframe 
(seven years after source removal) was not achieved (in part) because the 
fundamental assumption of completely removing the VOC source in two 
years was incorrect.  As detailed in this report, there were other factors 
that contributed to unanticipated changes in groundwater contaminant 
distribution beyond the compliance boundary. 

 
The following table summarizes the past land use history and remedial 
action performed at the Site.  

 
Date Event 
1940s  Sand and gravel operation conducted at the Site 
Early 1950s 
– 1976 

Site was used as a metal salvage facility and disposal area for industrial 
waste, including solid, semi-solid and liquid wastes 

1967 to 1976 Portion of Site used for a liquid waste and sludge lagoon 
1976 Disposal operations ceased 
1984 – 1989 Preliminary environmental investigations and monitoring performed by 

VTDEC, EPA, and Union Carbide Corporation 
1985 VTDEC conducted Preliminary Site Assessment 
1988 EPA proposed Site for listing on National Priorities List (NPL) 
1989  EPA added Site to NPL 
1991  EPA entered into Administrative Order by Consent with PRPs to 

conduct a Remedial Investigation/Feasibility Study (RI/FS).  Multi-
phase RI begun 

1994 – 1997 Long-Term Groundwater Monitoring 
1997 EPA completes Baseline Risk Assessment and RI 
1998 FS completed; EPA issues ROD 
1999  EPA and PRPs enter into Consent Decree for Remedial 

Design/Remedial Action.  Remedial Design completed; construction of 
remedy completed.  Operation and Maintenance activities begin 

2000 EPA approves Final Remedial Design Report 
2001 EPA approves Final Remedial Action Construction Report and post-



 Focused Feasibility Study Report, July 2011  1-10                                                                      Burgess Brothers Superfund 
Site  

 closure O&M plan.  Full-scale operation of SVE/AS system begins 
2002 AS shut down (SVE continued operation) 
2003 Groundwater Reclassification Petition Approved 
2004 Final Year 2 Remedy Evaluation Report 
2005 Grant of Environmental Protection Easement and Declaration of 

Restrictive Covenants recorded on property deed. SVE system shut 
down 

2005 First Five-Year Review Report and PRPs submit response to its 
recommendations 

2007 EPA requests that a Focused Feasibility Study be prepared to address 
groundwater contaminant plume and that the SVE system be restarted 

1999 – 
Present 

Semi-Annual Post-Closure Environmental Monitoring of groundwater, 
surface water and sediment 

2010 Second Five-Year Review Report 
 

1.4 CONCEPTUAL SITE MODEL 
 

Remedial actions performed since completion of the Supplemental RI and FS, 
have resulted in changes in site hydrogeological conditions and VOC groundwater 
contaminant distribution at the Burgess Brothers landfill.  An updated conceptual 
site model is presented here to provide a framework for understanding the current 
nature and extent of VOC contamination in groundwater, contaminant fate and 
transport, and to assist in development of alternatives for a supplemental remedy 
to address VOC contamination in groundwater.  This section presents a 
conceptual site model constructed based on the following features: 

 
• site physical features, location of contaminant sources, and topography 
• remedial actions performed at the site 
• site stratigraphic, lithologic and geologic conditions, 
• site hydrogeology and groundwater flow conditions 
• spatial VOC contaminant distribution data 
• changes in VOC contaminant distribution observed over time 

 
Given the Site exists in a relatively complex geologic setting, not every location 
will exactly fit the conceptual site model and alternative interpretations of the data 
are possible.  Nevertheless, this conceptual site model provides a consistent 
explanation of the contaminant distribution data over time given the changes in 
physical site conditions.   

 
1.4.1 Sources of Contamination   

 
As discussed above, the primary source of contamination to groundwater 
and subsequently surface water is the former Lagoon Area, shown on 
Figure 1-2.  Extensive test pitting and geophysical surveys were conducted 
within the Landfill Area during the RI, but no additional localized sources 
were identified.  However, the presence of VOCs in wells side-gradient to 
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the former Lagoon Area indicates that additional sources of VOCs were 
likely present within the Landfill Area.   

 
Test pit/well TPW-12 was installed in the former Lagoon Area as part of 
the RI.  Logs from this test pit indicate that the waste in the former Lagoon 
Area was situated above the water table.  Data from SBW-21 at the 
northern end of the Landfill Area also indicated that the landfill waste was 
above the water table.  

 
The Landfill Area, former Lagoon Area, and former Marshy Area were re-
graded and capped in 1999.  These activities included capping of leachate 
seeps along the steep eastern slope of the landfill and as a result the 
capped leachate seeps provided a temporary source of VOCs to 
groundwater.  Operation of an SVE/AS system in the former Lagoon Area 
was implemented to remove the VOC source from the former Lagoon 
Area.  As discussed above, after two years of operation, the SVE/AS 
system had removed nearly 38,000 pounds of VOCs.  By 2005, the system 
had removed nearly 45,000 pounds of VOCs.  And from 2005 to present, 
approximately 5,000 additional pounds of VOC were removed, for an 
estimated 50,000 total pounds of VOCs.   

 
1.4.2 Site Geology and Hydrogeology   

 
The site geology consists of an unconsolidated overburden comprised of 
kame sand and ablation glacial till, underlain by a dense lodgment till that 
is underlain by bedrock.  A north-south cross-section depicting the site 
geology is included as Figure 1-4.  Combined, the kame sand and ablation 
glacial till are up to 35 feet thick.  In the vicinity of the Landfill Area the 
two layers each have an average thickness of approximately 15 feet each, 
or approximately 30-35 feet of unconsolidated overburden material.  South 
of the Landfill Area and toward the Unnamed Stream, near P-01, and to 
the east of the Landfill Area up the steep hill slope (Harmon Hill), near W-
23T and W-24T, the kame sand thins out and then ends, leaving only the 
ablation till overlying the lodgment till. To the south of P-01 the kame 
sand is not present and overburden groundwater is in the ablation glacial 
till.  The saturated thickness of the overburden thins towards the south and 
east near W-24T, W-28T and P-01 and beyond.  At W-09TD, the saturated 
thickness is approximately 20-25 feet thick, whereas at P-01, the saturated 
thickness is only 10 feet thick and consists almost entirely of ablation 
glacial till sand, silt and clay.  The boundary between the kame sand and 
ablation till is gradational.  The kame sand is more sand rich than the 
ablation till, which is more poorly sorted and contains more silt, clay and 
gravel.   

 
The lodgment till is approximately 35 to 90 feet thick and consists of 
dense, low permeability sand, silt, clay and gravel.  Figure 1-4 shows that 
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the top of the lodgment till slopes north to south beneath the landfill.  At 
the base of the landfill, in the vicinity of W-04D/W-04T, the contact 
between the ablation glacial till and lodgment becomes more horizontal.   

 
Bedrock beneath the lodgment till consists of shallow weathered bedrock, 
deep weathered bedrock and competent bedrock.  The weathered bedrock 
consists of schist and gneiss; the competent bedrock consists of massive to 
thickly bedded quartzite with frequent high-angle fractures. 

 
The Site contains two groundwater systems.  Shallow groundwater is 
found within the kame sand and ablation till and flows generally from the 
Landfill Area to the south and then southwest toward the W-09 well 
cluster.  Extensive hydraulic testing throughout the Site indicates that the 
kame sand and ablation till are of low permeability, low yield, and are 
relatively thin units, leading to limited saturated thickness.   The lodgment 
till separates the groundwater within the kame sand and ablation till from 
groundwater within the underlying fractured bedrock.  It is a confining 
layer, separating these two groundwater zones and appears to serve as a 
vertical barrier for contaminant migration at the Site.  Groundwater within 
the bedrock flows towards the west-southwest, generally following the hill 
slope topography.  

 
Based on a comparison of hydrogeologic conditions prior to and after 
landfill closure, it is believed that landfill closure activities had a subtle 
effect on the groundwater flow direction and that has significantly affected 
the nature and distribution of the VOC contaminant plume. Figure 1-5 is a 
topographic map of pre-capping site conditions.  As discussed above, prior 
to implementing the Remedial Action activities at the Site, the landfill had 
a steep eastern slope that terminated in swales and the former Marshy 
Area.  The former Marshy Area swales at the southeastern corner of the 
Landfill Area discharged to the Unnamed Stream.  Figure 1-6 is a 
groundwater flow map based on pre-capping groundwater levels from 
Spring 1995.  As shown on Figure 1-6, pre-capping groundwater flow 
within the landfill generally followed the topographic features of the Site, 
moving from the Landfill Area southeasterly toward the former Marshy 
Area and associated swales to the southeast.  The highest concentrations of 
VOCs pre-capping were located at W-03, to the east of the landfill with 
maximum total VOC concentrations detected of 41,800 µg/l.  
Groundwater VOC concentrations to the south of the landfill were 
significantly lower than at W-03, with maximum concentrations at the W-
04D/W-04T cluster of less than 14,000 µg/l.  

 
Groundwater and surface water flow from the hillside area east of the 
landfill (Harmon Hill) converged in the former Marshy Area in the swales 
at the base of the landfill and formed a hydrogeologic barrier to 
groundwater flow and contaminant migration, as well as causing dilution 
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of the groundwater contaminant plume within the drainage swales at the 
base of the landfill.  VOC concentrations to the east of the former Marshy 
Area swales, well W-06D, were below method detection limits. 

 
Placement of the landfill capping system and re-grading the surface water 
drainage features surrounding this area caused the groundwater flow 
direction to shift slightly to a more southerly direction.  Figure 1-7 is a 
post-capping topographic map of the Site and Figure 1-8 is a shallow 
groundwater flow map based on the Fall 2010 groundwater elevation data.  
As shown in Figure 1-7, the former Marshy Area and associated swale at 
the toe of the landfill no longer exist or serve as the primary discharge 
point for groundwater downgradient of the Landfill Area.  The Hillside 
Diversion Swale now exists and diverts surface water run-off from the 
Hillside Area to a point further downstream in the Unnamed Stream.  As a 
result, post-capping groundwater flows horizontally in a more southerly 
direction and converges approximately 250 feet farther downgradient 
compared to pre-capping conditions, in the vicinity of P-10 and P-19.  
These changes in groundwater flow conditions explain why VOC 
concentrations at the W-03 well have decreased and VOC concentrations 
have increased at the W-04 well cluster and W-06D well.  Since capping, 
highest total VOC concentrations in shallow groundwater are now located 
at the W-32 cluster, W-04 cluster and P-09.  Figure 1-9 shows the 
approximate limits of the former Marshy Area relative to current site 
features (i.e., compliance boundary, landfill cap, and Marshy Area soil 
cover). 

 
Vertical hydraulic gradients between the kame sand and ablation glacial 
till are generally upward; however, locally downward gradients exist at the 
toe of the landfill in the former Marshy Area.  Vertical gradients near the 
Unnamed Stream are generally upward, so that the Unnamed Stream 
serves as a natural hydraulic barrier to the downgradient migration of 
contamination in shallow groundwater.   
 

1.4.3 VOC Groundwater Contaminant Plume Conceptual Model 
Groundwater 
As discussed above, capping of the landfill and re-grading of the former 
Marshy Area and associated swales resulted in subtle changes in site 
hydrogeologic conditions.  Capping of the landfill also reduced rainfall 
infiltration and dilution of the groundwater contaminant plume within the 
Landfill Area.   Prior to capping, three landfill leachate seeps were located 
on the steep east side of the landfill and had relatively high VOC 
concentrations (maximum combined TCE and PCE concentration of 
62,000 µg/l).  These leachate seeps discharged to the ground surface and 
the former Marshy Area where rainfall and stream water diluted the VOC 
concentrations.  During landfill closure, the leachate seeps were re-graded 
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and capped, either with the impermeable landfill cap or soil cover and as a 
result, the leachate became part of the groundwater contaminant plume. 

 
The first observed response to capping of the landfill and re-grading of the 
former Marshy Area was increased VOC concentrations at W-06D, where 
VOC concentrations went from below method detection limits in 1999 to 
2,940 µg/l total VOCs in 2001.  The former Marshy Area swale that 
provided a hydrogeologic barrier to migration of the groundwater 
contaminant plume was no longer present, and as a result, the plume now 
extended approximately 30 feet further towards the south.  The eastern 
limit of the groundwater contaminant plume was now constrained by 
convergence of groundwater from the landfill with groundwater from the 
eastern hill slope (Harmon Hill).  This is an isolated change in the 
groundwater contaminant plume associated with re-grading of the former 
Marshy Area and elimination of the swale in the former Marshy Area and 
is limited to the W-06D well and the former Marshy Area.  
 
A more widespread change in the groundwater contaminant plume is 
observed associated with capping of the landfill and associated leachate 
seeps and decreased dilution of the groundwater contaminant plume from 
rainfall infiltration, which resulted in increased VOC concentrations 
within the groundwater contaminant plume near the landfill (Area A and 
Area B).  This increase in VOCs is observed sequentially from upgradient 
to downgradient.  The increased VOCs were first observed at the W-04 
well cluster in 2002, where increases in VOC concentrations at the W-04 
well cluster are observed from 2002 until 2005.  Additional wells were 
installed upgradient of the W-04 well cluster in 2005 (the W-31 and W-32 
well clusters) and downgradient of the W-04 cluster in 2006 (P-09, P-10 
and P-11).  Increases in VOC concentrations were observed at the W-32 
cluster wells from the time they were installed until 2008.  
 
An increase in VOC concentrations in groundwater is observed 
downgradient of the W-04 cluster, but at progressively later times, the 
further downgradient the well is located.  At W-06D a large increase in 
VOC concentrations was observed in 2003 to 2005.  At P-09, VOC 
concentrations increased from the time the well was installed until in 
2006, until 2008.  VOC concentrations at P-10 were first observed in late 
2006 to 2007 and continue to increase as of the Fall 2010 sampling event.  
At W-09S1 VOC concentrations sharply increased in 2008 with 
subsequent decreases.  

 
After the observed increase in VOCs in Areas A and B, a subsequent 
decrease in VOC concentrations is observed at the following locations:  
W-32 well cluster, W-04 well cluster, P-09, W-06D and W-09S1.  The 
decrease in VOC concentrations in groundwater is likely related to four 
factors:   
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1. Operation of the SVE/AS system and removal of a significant   

 quantity of VOCs from the former Lagoon Area 
2. Capping of the landfill and reduced infiltration 
3. Changes in groundwater flow direction and  
4. Natural attenuation of VOCs in groundwater   

The observed increase and subsequent decrease in VOCs are indicative of 
a dissolved phase contaminant plume equilibrating with changes in site 
conditions that resulted from capping of the landfill and re-grading of the 
former Marshy Area and associated swales and removal of a substantial 
quantity of VOCs from the former Lagoon Area.   
 
A decrease in VOC concentrations has not been observed at P-10, but this 
may be because the high concentrations in the groundwater contaminant  
plume is located in the vicinity of this well, and has yet to migrate 
through. 
 
In the ablation glacial till, VOC concentrations (particularly PCE) in well 
W-04T are decreasing at a slower rate than observed in the adjacent kame 
sand well (W-04D).  In downgradient Area B and Area C ablation glacial 
till wells (W-09TD and P-01) a similar increase in VOCs has been 
observed.  At W-09TD, total VOC concentrations (and particularly PCE 
and 1,2-DCE) have increased since the well was installed in 1999 through 
2010.  A subsequent decrease in VOCs has not been observed at W-09TD; 
however, this may be because of the low permeability nature of the 
ablation glacial till material, which may take longer to equilibrate with site 
conditions.  At P-01, VOC concentrations increased since the well was 
installed in 1999 through Fall 2009, but VOC concentrations decreased in 
the Spring and Fall 2010 sampling events.  Additional data is needed to 
determine if VOC concentrations will continue to decrease at P-01. 

 
Since completion of the RI in 1997, additional monitoring wells have been 
installed in Area C to further define and monitor the limits of the VOC 
contaminant plume.  Ongoing monitoring indicates that the downgradient 
limit of the groundwater contaminant plume, as defined by concentrations 
of VOCs above ICLs, is located between P-02 and P-08 (Figures 1-10 and 
1-11), approximately 330 feet southwest of the landfill Compliance 
Boundary and approximately 200 feet upgradient of the Groundwater 
Reclassification Boundary.  As discussed above, there have been changes 
in the groundwater contaminant plume downgradient of the landfill; 
however, the downgradient limit of the plume has not significantly 
changed in the past ten years.  This may be due to the lower permeability 
of the ablation glacial till in this area and relatively thin saturated 
overburden material. 
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Surface Water 
 
Prior to landfill capping, contaminated groundwater from the landfill discharged 
to surface water in the former Marshy Area and associated swales.  After landfill 
capping and re-grading, the former Marshy Area and associated swales no longer 
existed, and the direction of groundwater flow from the landfill shifted slightly 
towards the south-southwest.  As a result, discharge of groundwater from the 
landfill to surface water shifted further south, and now discharges to surface water 
in the vicinity of P-10 and P-19.  VOC concentrations in surface water attenuate 
to below PLs within approximately 200 feet downstream of P-19.  A dilution 
calculation model was performed to evaluate potential impacts to surface water 
from discharge of the high concentration VOC groundwater plume.  The model 
predicted, assuming the groundwater contaminant plume continues to discharge to 
the Unnamed Stream, that the VOC concentrations will be attenuated to near or at 
non-detect conditions by dilution effects within the upper reaches of the Unnamed 
Stream.  This is consistent with observed surface water conditions. 
 

1.4.4 Potential for DNAPL 
 

It is recognized that the maximum VOC concentrations in groundwater at 
the W-32 cluster, W-04 cluster and P-09 are elevated, and by themselves 
warrant considering the possibility of non-aqueous phase contaminant to 
be present.  However, other data must be considered before attributing the 
elevated concentrations (and % solubility) to DNAPL, and the following 
lines of evidence indicate dissolved phase VOC transport, not DNAPL 
dissolution into the dissolved phase: 

 
• Visible DNAPL has never been observed in any of the Site 

monitoring wells, soil borings or soil samples since the RI was started 
in 1991.    

• After the landfill was capped in 1999, VOC concentrations increased 
at monitoring wells downgradient of the landfill cap, associated with 
capping of the landfill and leachate seeps and decreased dilution of 
the contaminant plume because of the landfill cap.  The first increases 
occurred nearest to the landfill cap (W-04 cluster) approximately two 
years after capping.  Subsequent increases in concentrations occurred 
at monitoring wells progressively farther from the landfill cap: at W-
06D approximately four years after capping, and at P-10 
approximately seven to eight years after capping.  From this 
information, the rate of dissolved plume movement is roughly 20 to 
25 feet per year.  The calculated average groundwater velocity in 
Area B is around 30 to 50 feet per year, so considering the effects of 
dispersion and retardation, the apparent plume velocity is consistent 
with what would be expected for a dissolved phase.   
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• Capping of the landfill in late 1999 influenced groundwater flow 
paths and dissolved phase transport south and downgradient of the 
landfill, but nothing was done as part of the landfill remedy that 
would influence the migration of DNAPL in the saturated zone.  If 
DNAPL was present and capable of migrating at 20 to 25 feet per 
year, it would have been observed long ago as elevated 
concentrations in Area B and potentially elsewhere, depending on the 
slope of the ablation and lodgment tills.  

• Since 2008/2009, concentrations of PCE, TCE and total VOCs have 
decreased at kame wells W-32S1, W-04D, W-06D, P-09, and W-
09S1, and glacial till well W-32T, and have stabilized or decreased 
slightly at W-04T.  The progressive decrease in VOCs in Area B 
observed over the last three post-closure monitoring events do not 
support the concept of that DNAPL is present, but rather that this is a 
dissolved phase plume.  Increased VOC concentrations are observed 
in the downgradient portions of the VOC plume (Area B and Area C), 
at P-10, P-19 and W-09TD.  Equilibration of the VOC plume in the 
low permeability till will take longer than in the kame sand material.  
It remains to be seen if VOC concentrations will decrease at these 
locations, similar to what is observed in the kame sand wells.  

  
In summary, while there are lines of evidence that concentrations of 
VOCs detected in monitoring wells downgradient of the compliance 
boundary and beyond the influence of the SVE system are indicative 
of DNAPL, there are more  lines of evidence that indicate a DNAPL 
does not exist.  The presence or absence of DNAPL, however, is 
secondary to the uncertainty about the residual source beneath the cap 
and thus the timeframe needed to contain further source migration 
beyond the compliance boundary. 

 
1.5 NATURE AND EXTENT OF VOC CONTAMINATION 
 

This section discusses the nature, extent and distribution of contaminants in the 
overburden groundwater and surface water and bedrock water quality.  As 
discussed above, there have been changes in the groundwater contaminant plume 
downgradient of the landfill; however, the downgradient limit of the plume has 
not significantly changed in the past ten years. 

 
1.5.1 Bedrock Groundwater Quality 

 
The bedrock water quality was initially investigated as part of the RI/FS 
determination of the nature and extent of contamination.  Occasional and 
sporadic detections of trace levels of VOCs were reported from 1992 to 
1997 at locations W-01B (upgradient of the landfill), W-04SI, W-04B, W-
09SI, and W-09B.  VOCs have not been detected since 1999, except at W-
09SI, where TCE and PCE were detected at trace concentrations of 1 and 
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0.9 µg/l, respectively in Spring 2002, and of 2 and 3 µg/l, respectively, in 
Spring 2004.  These detections were not repeated in the subsequent 
bedrock-sampling event in Spring 2006.  Trace concentrations (less than 1 
µg/l) were reported in Spring 2008 sampling at W-04SI and W-09SI but 
trace concentrations were also detected in the equipment blank.  In Spring 
2010, trace concentrations of TCE (1.3 µg/l) were detected at W-04SI and 
trace concentrations of TCE, PCE and 1,2-DCE (less than 1 µg/l) were 
detected at W-04B.  VOCs were not detected at W-09SI or W-09B.   

 
The lack of any repeat detection of VOCs between wells or sampling 
events since 1992 suggests that these sporadic VOC detections are not 
indicative of groundwater quality in the bedrock.  Possible explanations 
for these intermittent and sporadic detections of trace level VOCs below 
ICLs include cross-contamination between sampling equipment or 
laboratory cross-contamination.  As noted in the description of the site 
geology and hydrology, the lodgment till provides a barrier between the 
contamination in the shallow overburden kame sand and ablation till from 
the bedrock, and the vertical gradient is upwards from the ablation till.  
Consequently, since the bedrock flow system is not connected to the 
shallow groundwater flow system, it does not factor into the possible 
remedial alternatives and thus will not be discussed further in this report. 

 
1.5.2 Overburden Groundwater Quality 

 
Groundwater monitoring has been performed under the Post-Closure 
Environmental Monitoring (PCEM) program since the landfill was capped 
in 1999.  The PCEM program includes monitoring of wells screened in the 
kame sand, ablation till, and bedrock zones.  Samples are collected on a 
semi-annual or annual basis for Target Compound List VOCs and on a 
biennial basis for those metals with ICLs as defined in the SOW.   

 
Additional monitoring wells and/or piezometers were installed in 2005 
and 2006 to better delineate the downgradient VOC plume and to confirm 
the hydrogeologic model and contaminant fate and transport evaluations.  
A total of four monitoring wells and 13 piezometers have been installed 
since the PCEM program was developed.  These wells and piezometers, 
except P-15, have all been sampled at least once.  In addition to the PCEM 
sampling, samples were also collected in 2005 to assess the extent of 
natural attenuation.  In summary, since closure of the landfill, groundwater 
samples have been collected from 42 monitoring wells to evaluate the 
potential horizontal and vertical migration of site-related contaminants.   

 
Groundwater in the kame sand and ablation till have concentrations of 
vinyl chloride, methylene chloride, 1,1-DCE, 1,2-DCE, TCE, and PCE 
that exceed the ICLs.  VOC concentrations are below ICLs in all wells 
closest to or along the Groundwater Reclassification Boundary.   
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The following sections provide a discussion of VOC contamination by 
area as set forth in this FFS (i.e., Area A - Upgradient of Compliance 
Boundary; Area B - Downgradient of Compliance Boundary; and Area C - 
the Downgradient Plume Area).  Total VOCs, TCE and PCE are used to 
discuss the nature and extent of contamination; however, as discussed 
above, 1,1-DCE, 1,2-DCE, methylene chloride and vinyl chloride are also 
detected above ICLs in groundwater.  Figures 1-10 and 1-11 are 
groundwater contaminant plume maps for TCE and PCE, respectively, 
based on laboratory analytical results from the Fall 2010 sampling event 
and Figures 1-12 and 1-13 are site maps with histograms showing the 
concentrations of TCE and PCE, respectively, over time since capping of 
the landfill. 

 
Area A:  Upgradient of Compliance Boundary 

 
Area A includes the former Lagoon Area, portions of the Landfill Area 
and portions of the former Marshy Area and is bounded downgradient by 
the compliance boundary.  For the PCEM, eight kame sand and four 
ablation till wells have typically been sampled.  Concentrations of VOCs 
exist in both the kame sand and ablation till in this area that are orders of 
magnitude above ICLs.  The trends in total VOC concentrations in these 
wells are summarized below, beginning with the most upgradient location 
and moving southward to the compliance boundary. 

 
Kame Sand 

 
Concentrations in W-27S1, upgradient of the former Lagoon Area, are 
below ICLs.  

 
Concentrations in W-08S1, which is west and cross-gradient to the former 
Lagoon Area, peaked in the hundreds of parts per billion in 1996-99 and 
are now below ICLs. 

 
Concentrations in the former Lagoon Area are represented by W-31S1. 
The concentrations appear to have decreased somewhat from July 2005 to 
June 2008 (the last time this well was sampled).  Total VOC 
concentrations in the June 2008 sampling event at W-31S1 were 8,400 
µg/l. 

 
Concentrations in kame sand wells directly upgradient of and along the 
compliance boundary are monitored in wells (from west to east) W-25S1, 
W-32S1, W-04D, W-03, and W-05.  Well W-25S1 has been sampled 
extensively since 1993.  Prior to landfill capping the W-25S1 well was 
located at the edge of the former Marshy Area, cross-gradient from the 
former Lagoon Area, and VOC concentrations at W-25S1 ranged from 
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below ICLs to 158 µg/l.  In Spring and Fall 2001, two years after capping 
the landfill and re-grading the former Marshy Area, total VOC 
concentrations briefly increased to a maximum total VOC concentration of 
13,100 µg/l.  Total VOC concentrations since 2001 have ranged from near 
ICLs to 419 µg/l.  The most recent concentrations, measured in Fall 2008, 
were 392 µg/l total VOCs.  The cause of the observed fluctuations in VOC 
concentrations at the W-25S1 are not known for certain, but may be due to 
the fact that well W-25S1 is located at the side-gradient edge of the 
groundwater contaminant plume and any subtle shifts in the groundwater 
flow direction, could cause the VOC concentrations to increase or 
decrease dramatically. 

 
Total VOC concentrations at W-32S1 increased from Spring 2005, when 
the well was installed, to Spring 2008 with total VOC concentrations 
going from 27,400 to 64,300 µg/l.  Since Spring 2008, total VOC 
concentrations at W-32S1 have decreased to 23,900 µg/l in Spring 2010 
and 12,360 µg/l in Fall 2010.   
 
Well W-04D is located approximately 60 feet downgradient of W-32S1 
and has been sampled extensively since 1993.  Prior to landfill capping, 
well W-04D was located in the former Marshy Area and VOC 
concentrations were relatively constant from 1994 to 1997 with total VOC 
concentrations ranging from approximately 9,000 µg/l to 13,400 µg/l.  
After landfill closure and capping and re-grading of the former Marshy 
Area, total VOC concentrations increased steadily from 2002 through 
2005, as the groundwater flow direction at the site changed to a more 
southerly flow direction.  Maximum total VOC concentrations measured 
at W-04D were 50,400 µg/l.  Since Spring 2005, concentrations of total 
VOCs have been decreasing, with total VOC concentrations of 11,341 
µg/l in the most recent sampling event.   
 
This overall increase in VOCs at W-32S1 and W-04D is consistent with 
capping the landfill, shifting the direction of groundwater flow and 
reducing infiltration and dilution of the VOC plume.  The subsequent 
decrease in total VOC concentrations observed at W-32S1 and W-04D is 
temporally and spatially consistent with dissolved phase VOC plume 
migration as the plume equilibrates with post-closure site and hydraulic 
conditions.    
 
Well W-03 is located on the eastern side of the former Marshy Area and 
represents conditions at the compliance boundary for this portion of the 
Site.  W-03 was located in the former Marshy Area along the centerline of 
the groundwater contaminant plume prior to landfill closure.  At W-03, 
total concentrations have decreased from over 40,000 µg/l (prior to the 
Landfill and Marshy Area Cap) down to approximately 8,700 µg/l in Fall 
2006; with 1,2-DCE being the major component.  The decrease in VOC 
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concentrations at W-03 is consistent with a shift in the groundwater flow 
path direction towards a more southerly direction.  
 
Ablation Till 
 
Concentrations in W-27T, upgradient of the former Lagoon Area, have 
historically been below 10 µg/l and have been below ICLs the last three 
sampling events.  

 
Concentrations in the former Lagoon Area are represented by W-31T.  
TCE concentrations have steadily increased at W-31T from July 2005 
(6,500 µg/l) to October 2008 (19,000 µg/l), this well’s most recent 
sampling event.  This well was not sampled in 2009 or 2010; therefore, 
current VOC concentrations at this location are not available. 
 
Concentrations in the ablation till upgradient of the Landfill Compliance 
Boundary are monitored in wells W-32T and W-04T.  At W-32T the 
concentrations of total VOCs increased from Spring 2005 when the well 
was installed through Fall 2006, with maximum total VOC concentrations 
of 38,630 µg/l.  Since Fall 2006, concentrations of VOCs have decreased 
with total VOC concentrations in Fall 2010 of 15,880 µg/l.  This trend is 
consistent with concentrations observed in the adjacent kame sand well 
(W-32S1).  Concentrations at W-04T were below 5,000 µg/l prior to the 
Landfill and Marshy Area capping then increased to 58,200 between 1999 
and 2004.  Since 2004, VOC concentrations at W-04T have gradually 
decreased, with total VOC concentrations of  24,000 µg/l in Fall 2010 
sampling event.. 
 
The VOC trends in the ablation glacial till in Area A are similar to those 
observed in the kame sand, with VOC concentrations increasing after 
capping of the landfill, and then decreasing since 2006/2007 as the VOC 
plume equilibrates with the change in hydrogeologic conditions, and are 
consistent with movement of a dissolved phase VOC plume.   

 
Area B:  Downgradient of Compliance Boundary 

 
Area B is located immediately downgradient of the compliance boundary 
and extends southward approximately 200 feet.  This area contains 
elevated levels of VOCs in groundwater that are orders of magnitude 
above the ICLs set forth in the ROD. 
 
There are a limited number of kame sand monitoring wells in this area of 
the Site.  The centerline of the VOC plume in this area is based on data 
collected from P-09, W-06D, P-10, and W-09S1.  These wells are located 
approximately 50, 60, 100, and 180 feet downgradient of the compliance 
boundary, respectively.  The lateral extent of the plume is bracketed by P-
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11 to the west and by P-17 and P-18 to the east where VOC concentrations 
have been below ICLs.   
 
Data from the wells in the central portion of the plume suggests migration 
of VOCs farther away from the compliance boundary.   
 
W-06D is located approximately 60 feet south of the compliance boundary 
and prior to landfill capping was located in the former Marshy Area.  
From 1993 through 1999 VOC concentrations were below detection 
limits.  After capping the landfill and former Marshy Area, total VOC 
concentrations increased to 18,700 µg/l (Spring 2004), followed by an 
overall decrease in concentration to 3,600 µg/l in Fall 2010.  Total VOC 
concentrations at P-09, installed after the 2005 five-year review, increased 
steadily from 28,600 in Spring 2006 to 43,000 in Fall 2008, but have since 
decreased to 17,400 µg/l in Fall 2010.  This increase and subsequent 
decrease in VOC concentrations at W-06D and P-09 is consistent with 
trends observed upgradient at the W-04 and W-32 well clusters and is 
consistent with changes in hydrogeologic conditions since capping the 
landfill and filling in the former Marshy Area.   
 
Concentrations at P-10, the next downgradient well from P-09 on the 
plume centerline have steadily increased from 110 µg/l after its 
installation following the 2005 five-year review to 12,500 µg/l in Fall 
2010.  This continued increase in VOCs indicates the downgradient 
movement of VOCs from the area of P-09 and W-04D. 

  
Concentrations at W-09S1, the farthest downgradient well in this area, 
have demonstrated a similar pattern with total VOCs being below 100 µg/l 
from 1993 through Spring 2004 then increasing into the 100-250 µg/l 
range through 2007.  The Spring and Fall 2008 sampling recorded 
increases in total VOC concentrations to 1,181 and 580 µg/l, respectively.  
However, since Fall 2008, the total VOC concentrations at W-09S1 have - 
decreased to 124 µg/l in Fall 2010.  The increase and subsequent decrease 
in VOC concentrations as W-09S1 is consistent with the shift in 
groundwater flow direction since capping and re-grading of the Landfill 
Area and former Marshy Areas as the groundwater plume equilibrates to 
the change in site hydrogeologic conditions. 
 
Monitoring well W-09TD is the only well constructed in the ablation till in 
this area and is located along the plume centerline approximately 180 feet 
downgradient of the compliance boundary.  Total VOC concentrations at 
W-09TD in 1999 and 2001 were 155 and 107 µg/l, respectively, and have 
since exhibited an upward trend with total VOC concentrations in Fall 
2010 of 2,257 µg/l.  It remains to be seen whether VOC concentrations in 
the ablation till will continue to increase or slowly begin to decrease as has 
been observed at the W-32T and W-04T well clusters and W-09S1.  Give 
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that the ablation glacial till is less affected by infiltration and dilution and 
is of lower permeability than the kame sand, it may take longer for the 
VOCs in this downgradient ablation glacial till well to stabilize.   

 
The following table presents TCE and PCE concentration data from Area 
B wells along the plume centerline since construction of the Landfill and 
Marshy Area Caps and start-up of the SVE/AS system.  Figures 1-12 and 
1-13 illustrate concentrations along the plume centerline at the W-09 
cluster, P-01, and P-02, respectively, over time.   
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TCE  and PCE CONCENTRATIONS SINCE CAPPING OF THE LANDFILL AND MARSHY AREA  
Concentrations in μ g/L 

 
Date 

 
P-091 

 

 
W-06D 

 
P-101 

 
W-09S1 

 
W-09TD 

Spring 
2001 
 

TCE  220 
120 

 23 
6 

61 
25 PCE 

Spring 
2002 
 

TCE  210 
160 

 22 
6 

320 
180 PCE 

Spring 
2003 
 

TCE  1600 
1300 

 3 
1 

460 
330 PCE 

Spring 
2004 
 

TCE  4500 
6400 

 29 
12 

560 
520 PCE 

Spring 
2005 
 

TCE  3600 
8000 

 92 
50 

410 
350 PCE 

Spring 
2006 
 

TCE 13,000 
12,000 

1700 
4400 

12 
2 

140 
100 

570 
640 PCE 

Spring 
2007 
 

TCE 13,000 
19,000 

Not Sampled 120 
38 

87 
79 

270 
410 

PCE 
Spring 
2008 
 

TCE 15,000 
22,000 

1500 
4500 

940 
440 

510 
550 

310 
500 PCE 

Fall 
2008 

TCE 14,000 
24,000 

1300 
5000 

2400 
1800 

260 
270 

390 
640 PCE 

Spring 
2009 

TCE 11,000 
21,000 

1700 
6700 

1100 
760 

190 
220 

320 
480 PCE 

Fall 
2009 

TCE 10,000 
24,000 

1700 
5400 

4400 
4200 

120 
150 

600 
860 PCE 

Spring 
2010 

TCE 5300 
13,000 

1200 
4200 

2100 
2100 

130 
190 

410 
500 PCE 

Fall 
2010 

TCE 4400 
8400 

730 
2000 

4700 
6000 

45 
67 

800 
850 PCE 

 
Notes: 1 Wells P-09 and P-10 installed after the 2005 Five-Year Review  

 
 

Area C:  Downgradient Plume 
 

The VOC plume in Area C contains levels of VOCs that exceed ICLs as 
set forth in the ROD, but the levels approach the ICLs.  This area extends 
southwesterly from about 225 feet downgradient of the compliance 
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boundary to the current limits of the groundwater contaminant plume, 
between P-02 and P-08, and southerly to the Unnamed Stream. 
 
As stated above in Section 1.3 the kame sand thins and pinches out in this 
area of the Site away from the Unnamed Stream and the groundwater is 
only present in the ablation till.  Groundwater along the central flow path 
is monitored at ablation till wells P-01, P-02, P-08, and W-30T.  These 
wells are located about 140, 200, 300, and 350 feet downgradient from the 
W-09 well cluster.   
 
P-01 is the first downgradient sampling location in Area C.  TCE and PCE 
concentrations at P-01 increased after capping of the landfill, with TCE 
concentrations increasing from 200 µg/l in Fall 1999 to 310 µg/l in Fall 
2008, and PCE concentrations increasing from 40 µg/l in Fall 1999 to 300 
µg/l in Fall 2009.  Since Fall 2009, TCE and PCE concentrations have 
been decreasing at P-01, with TCE and PCE concentrations in Fall 2010 of 
150 µg/l and 140 µg/l, respectively.  Total VOC concentrations at P-01 in 
Fall 2009 were 647 µg/l and have decreased to 498 µg/l in Spring 2010 
and 312 µg/l in Fall 2010.  This trend is consistent with VOC trends 
observed at W-09S1 and other kame sand wells upgradient of P-01.   
 
Downgradient of P-01, the concentrations have not increased at P-02, P-
08, and W-30T since monitoring began at these locations.  VOC 
concentrations at these locations are below or approaching ICLs.  As 
stated previously, conditions in Area C are significantly different than 
Area B.  Hydrogeologic conditions in Area C downgradient of P-01 
consist of low permeability ablation till (fine sand, silt and clay) as 
evidenced by difficult drilling conditions and low purge rates, of limited 
saturated thickness.  The combined saturated thickness of the kame sand 
and ablation glacial till at W-09TD is approximately 25 feet thick and only 
approximately 10 feet thick at P-08.  This would suggest that plume 
migration in Area C would not continue as in Area B.   

 
Groundwater as it discharges into the Unnamed Stream is monitored at P-
19, P-20, P-21, P-22, and P-23, piezometers that were installed in the 
stream in 2005 and 2006.  The piezometers were installed in the kame 
sand which appears to be localized adjacent to the stream channel whereas 
the rest of Area C is underlain by the ablation till.  These piezometers are 
located approximately 250 feet, 325 feet, 425 feet, 525 feet and 625  feet 
downstream from the compliance boundary. 

 
Total VOC concentrations at P-19, the most upstream piezometer, have 
increased steadily since it was installed in 2006, with total VOC 
concentrations increasing from 10 µg/l in Fall 2006 to 147 µg/l in Fall 
2010.  The increased VOC concentrations observed at P-19 is consistent 
with trends observed hydraulically upgradient at P-10 and the shift in 



 Focused Feasibility Study Report, July 2011  1-26                                                                      Burgess Brothers Superfund 
Site  

groundwater flow towards the south-southwest after capping of the landfill 
and re-grading the former Marshy Area.  Farther downstream, total VOC 
concentrations in the next four piezometers P-20, P-21, P-22, and P-23 
have remained below ICLs. 

 
1.5.3  VOC Surface Water Contamination 

 
Six surface water locations have been sampled annually for VOCs and 
metals in the spring.  These locations include upstream of the landfill 
(SW-08), the landfill toe of slope swale (SW-18), the Unnamed Stream 
(SW-15/SW-P21 and SW-04/SW-P23), and Barney Brook (SW-05 and 
SW-06).  In 2005 and 2006, eight stream piezometers were installed in the 
Unnamed Stream.  Surface water samples were collected adjacent to seven 
of these piezometers in Fall 2006 at SW-P17, SW-P18, SW-P19, SW-P20, 
SW-P21, SW-P22, and SW-P23.  Since 2006, the surface water sampling 
program was modified to confirm and evaluate surface water conditions as 
they relate to changes in the groundwater VOC plume.  Therefore, surface 
water samples were collected primarily at locations in the upper reaches of 
the Unnamed Stream (SW-P19 through SW-P23) and often times sampled 
in both spring and fall. 

  
Of the long-term surface water sampling locations, SW-18 is located just 
downgradient of the compliance boundary and continues to contain the 
highest concentration of VOCs.   The overall trend at SW-18 appears to be 
decreasing with occasional increases.  With the construction of the 
Landfill and Marshy Area Cap, the groundwater flow path has shifted 
more southerly.  The occasional increases observed at SW-18 suggest 
there is still some periodic discharge of the groundwater flow southeast of 
the former Lagoon Area. 

 
VOC concentrations increased slightly at SW-P19 (150 feet downstream 
from SW-18) between 2006 and 2009, with concentrations of PCE and 
TCE in Spring 2006 of 2 µg/l each and in Spring 2009 PCE and TCE 
concentrations were 4.8 and 6.7 µg/l, respectively.  However, PCE and 
TCE in the Spring and Fall 2010 sampling event were the lowest 
concentrations measured at this location, with TCE and PCE concentration 
in Fall 2010 of 1.1 and 1.3 µg/l, respectively.  These low levels of TCE 
and PCE occurred at SW-P19 even though their concentrations continued 
to increase in the adjacent piezometer, P-19.  This suggests that as the 
groundwater contaminant plume continues to discharge to the Unnamed 
Stream, the VOC concentrations are attenuated to near non detect 
conditions by dilution effects within the upper reaches of the Unnamed 
Stream.   

 
The concentrations of VOCs decrease downstream of P-19 in the 
Unnamed Stream, where at location SW-04/SW-P23, the concentration of 
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all VOCs are near or below PLs.  The concentrations of VOCs at both 
sampling locations in Barney Brook are below method detection limits. 

  
The following table summarizes the maximum concentrations of TCE, 
PCE and 1,2-DCE detected in the 2006 expanded sampling event and the 
most recent data for those locations that were sampled.  In addition, the 
maximum concentration detected prior to landfill closure are shown in 
parentheses for those surface water locations where sample data are 
available.  The locations are listed from upstream to downstream, with the 
first location listed being the background surface water location.  
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 MAY 2006 CONCENTRATIONS NOVEMBER 2010* CONCENTRATIONS  

Contaminant and  

Performance Level (µg/l)  

1,2-
DCE(b) 

 

TCE  
2.7 

PCE  
0.8 

1,2-DCE 
(b) 

TCE  
2.7 

PCE  
0.8 

 

Station Name and Location  

Upgradient of Landfill Compliance Boundary 

SW-08 Upstream of Landfill - (-) - (-) - (-) NS NS NS 

      Downgradient of Landfill Compliance Boundary 

SW-18 Toe of Slope Swale 
(TOSS) 

100 32 24 87 18 24 

SW-P-17 Unnamed Stream 
East of TOSS 

- - - NS NS NS 

SW-P-18 75’ downstream of 
SW-P-17 

- - - - - - 

SW-P19 150’ downstream of 
TOSS, near W-09 Cluster 

7 2 2 3.8 1.1 1.3 

Attenuated Downgradient Plume Area 

SW-P20 225’ downstream of 
TOSS  (sampled in fall event) 

7 2 2 3.1 0.87 1.2 

SW-P21/SW-15 300’ 
downstream of TOSS 

5 (1.4) 1 (40) 1 (10) 2.5 0.8 0.9 

SW-P22 375’ downstream of 
TOSS (sampled in fall event) 

4 1 1 2.0 0.79 0.92 

SW-P23/SW-04 450’ 
downstream of TOSS 

3 (20) 0.8 (6) 0.7 (1)  3.3 0.66J 0.9J 

Barney Brook 

SW-06 Upstream of 
confluence with Unnamed 
Stream 

- (-) - (-) - (-) NS NS NS 

SW-05 Downstream of 
confluence with Unnamed 
Stream 

- (-) - (-) - (-) NS NS NS 

 
Notes:  

* Data shown is from the November 2010, unless that location was not sampled in 
December 2010.  If the location was not sampled in November 2010, then the data shown 
is the next most recent sampling event. 

 -  Below Method Detection Limits 
(b) This compound does not have a PL, but is shown to evaluate groundwater discharge to 

surface water. 
( )      maximum concentration detected prior to landfill closure 
J        estimated value 
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1.5.4 Nature and Extent of Metal Contamination.  

 
The RI identified four metals in the overburden groundwater, two metals 
in the bedrock groundwater, six metals in the surface water, and six metals 
in sediments as potential contaminants of concern.  Of these media, the 
Risk Assessment concluded only ingestion of metals in the overburden 
groundwater represented an unacceptable human health risk, and the ROD 
focused on VOCs as key contributors to the risk estimates.  

 
The baseline ecological risk assessment indicated that silver and antimony 
impacted the Unnamed Stream but these metals did not appear to be 
landfill related.  Concentrations of nickel, cadmium, manganese, and lead 
in stream sediments resulted in a slightly elevated ecological risk.  

 
The Post Closure Environmental Monitoring Plan included metals analysis 
for groundwater, surface water, and sediments.  Of the four metals 
identified as potential contaminants of concern in the overburden 
groundwater, arsenic, lead, manganese, thallium, only the latter two have 
had exceedances of their respective ICLs beyond the compliance 
boundary.  Because of the sporadic nature of the thallium detections, 
manganese appears to be the only metal associated with the landfill that 
has been mobilized in the groundwater.  

 
Post Closure Monitoring of surface water from 2001 through 2006 
detected concentrations of aluminum, arsenic, iron, lead and silver above 
PLs downstream of the landfill.  All of these metals, except iron, were also 
detected in the background sample location SW-08 above PLs.  The 
detections of arsenic above PLs and some of the detections of aluminum 
above PLs were above the IDL, but below the CRDL.  Concentrations of 
iron above PLs were only detected in the toe-of-slope swale location SW-
18 and were below PLs in the Unnamed Stream location SW-15 (currently 
SW-21).  These results indicate that all metals detected in surface water 
above PLs, except iron, are probably not related to the landfill.  
Concentrations of iron above PLs appear to be limited to the toe-of-slope 
swale. 

 
Post-capping, sediments have been sampled at an upstream and a 
downstream location six times.  With the exception of one exceedance of 
copper in the upstream location and one exceedance of nickel in the 
downstream location, the metals PLs have been met.  This is consistent 
with historical data and expected as a result of the remedial action. 
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1.6 GROUNDWATER CONTAMINATION FATE AND TRANSPORT 

 
Contaminant fate and transport, as discussed in the March 20, 1998 Feasibility 
Study Report Burgess Brothers Superfund Site, Woodford and Bennington, 
Vermont, was based on pre-landfill closure conditions.  Closure of the landfill, 
including re-grading, capping and redirection of surface water runoff, resulted in 
changes in the groundwater and surface water conditions and ultimately 
contaminant fate and transport.   

 
1.6.1 Site Topographic Conditions 

 
Prior to capping and closure, the landfill had a steep eastern slope (Figure 
1-5).  This steep eastern slope of the landfill toed into an approximately 80 
foot wide marshy area with a drainage swale.  Three leachate seeps were 
present along the eastern slope of the landfill.  The southern and 
southwestward slopes of the landfill were less steep than the eastern slope. 

 
The Landfill Area was re-graded and capped in 1999, which significantly 
modified the site topography and ultimately the site groundwater flow and 
contaminant migration characteristics.  The steep eastern slope of the 
landfill was re-graded to reduce the steepness, allow for the placement of 
the landfill cap and mitigate erosion along this side of the landfill.  In 
addition, the former Marshy Area was either included under the landfill 
cap or covered with soil and re-graded to accommodate the modifications 
to the eastern slope of the landfill.  To direct surface water runoff from the 
southeastern end of the landfill cap, a new toe-of-slope swale was 
excavated at the base of the landfill.  Approximately half of this swale has 
an impermeable liner and therefore, does not receive groundwater 
discharge from the Landfill Area, as did the original toe-of-slope swale.  
Finally, prior to landfill closure, the three leachate seeps on the eastern 
slope of the landfill were re-graded and/or buried under the landfill cap. 

 
Further modifications were made north and east of the Landfill Area and 
former Marshy Area.  To the north, a swale was created to divert surface 
water upgradient of the landfill cap around it.  To the east, a major swale 
(Hillside Diversion Swale) was excavated along Harmon Hill east of the 
Landfill Area and former Marshy Area.  This diverted surface water flow 
and runoff from the eastern hill slope away from the landfill and toward 
the Unnamed Stream at the new southern landfill toe-of-slope.  Figure 1-7 
is a post-capping topographic map of the site. 
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1.6.2 Groundwater Flow Characteristics and Contaminant Fate and 

Transport 
 

The modifications to the site topography altered the overburden 
groundwater flow direction and location of the discharge to surface water.  
These alterations in turn shifted the maximum concentrations locations 
within the plume. 

 
Prior to landfill closure, the groundwater flowed from the Landfill Area 
and Lagoon Area towards the east to the former Marshy Area and 
southeast to the former Marshy Area swale (Figure 1-6).  The primary 
groundwater flow direction appeared to be easterly and appeared to have 
achieved steady state conditions within and downgradient of the Landfill.  
Within the Landfill and to the east of the Landfill, represented by W-
TP12, W-03, and leachate seeps, the plume had maximum combined TCE 
and PCE concentrations of 48,000 µg/l, 22,000 µg/l, and 62,000 µg/l, 
respectively.  Based on Supplemental RI data, from Spring 1995 through 
Spring 1997, further downgradient, towards the southeast, represented by 
the W-04 cluster, combined PCE and TCE concentrations in the kame 
sand ranged from 10,100 to 12,800 µg/l and in the ablation till from 1,200 
to 3,200 µg/l prior to the capping.   

 
Prior to landfill capping, concentrations of total VOCs were less than 5 
µg/l at the W-06 well cluster, southeast of the W-04 well cluster, 
indicating the extent of the southeastern portion of the plume prior to the 
capping.  The W-06 cluster wells were the only overburden wells located 
on the eastern side of the former Marshy Area swale (opposite from the 
landfill).  This VOC distribution indicates that the former Marshy Area 
swale was providing a hydraulic barrier to VOC contaminant migration 
prior to landfill capping. 

 
With the Landfill and former Marshy Area capping and the construction of 
the hillside swale, the former Marshy Area east of the landfill and 
associated swale at the toe of the landfill no longer exist as the primary 
discharge point for site groundwater.  The post-capping groundwater flow 
maps indicate that the groundwater flow from the Landfill Area and 
former Lagoon Area shifted toward the south and then toward the 
southwest farther downgradient from the compliance boundary (Figure 1-
8).  This shift in groundwater flow direction is confirmed by post-landfill 
capping contaminant distribution data (see Figures 1-10, 1-11, 1-12 and 1-
13).     

 
VOC concentrations in the eastern portion of the plume have decreased 
since the capping.  Concentrations at the W-31 cluster, (installed five 
years after the capping in the vicinity of well W-TP12 which was 
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abandoned) are elevated at 18,000 µg/l combined TCE and PCE, but 
below the maximum concentration of 48,000 µg/l detected in W-TP12.  
Similarly, concentrations at W-03 have also decreased since the capping. 

 
With the shift of the groundwater discharge further towards the south, the 
highest post-landfill closure concentrations of TCE and PCE shifted to the 
south of the former Lagoon Area at the W-32 and W-04 monitoring well 
clusters (Area A) and P-09 (Area B).  The TCE and PCE plume, rather 
than discharging into the stream at the toe of slope as it did prior to the 
capping, now flows towards the south and southwest to P-09, W-06D and 
the W-09 monitoring well cluster.   

 
After landfill capping, total VOC concentrations increased at W-04D, W-
04T, W-06D, P-09 and P-10, with the timing of the increase first observed 
upgradient and then progressing downgradient.  Increases in total VOC 
concentrations, related to migration of the high concentration VOC plume, 
were first observed at the W-04 cluster (2002), then at W-06D (2003).  
VOC concentrations at P-09 were increasing when it was installed in 2006 
and at P-10 VOC concentrations started increasing in late 2006 to 2007.    

 
A subsequent decrease in VOC concentrations occurred at these same 
locations starting upgradient and progressing downgradient.  VOC 
concentrations began to decrease in 2005 at the W-04 cluster, in 2006 at 
W-06D and in 2009 at P-09.  As of Fall 2010, total VOC concentrations at 
P-10 continued to increase at this location.  One explanation for the 
observed increase and subsequent decrease is that the initial increase in 
VOC concentrations is the results of a change in groundwater flow 
direction associated with capping of the Landfill Area and portions of the 
former Marshy Area and reduced infiltration.  The subsequent decrease in 
VOC concentrations is indicative of the dissolved phase VOC plume 
migrating further to the southwest and resulting in a decrease in VOC 
concentrations.  Alternatively, these could be the result of normal 
fluctuations in the groundwater contaminant plume. 

 
The W-32 well cluster installed in 2005 has a more limited sampling 
history.  However, VOC concentrations at this location showed a similar 
increase in VOC concentrations followed by a decrease in VOC 
concentrations, which is consistent with trends observed at the W-04 and 
W-09 clusters and W-06D.  Alternatively, the increase in VOCs identified 
at the W-32 well cluster may be caused by migration of a more highly 
concentrated slug of dissolved VOCs in groundwater. 

 
Farther downgradient in Area B and Area C, increases in VOC 
concentrations at W-09S1, W-09TD, P-19 and P-01 are consistent with the 
shift in groundwater flow direction towards the southwest since landfill 
capping.  VOC concentrations began to increase at W-09S1 in 2004, with 
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a sharp increase in 2008, and at P-01 in 2006.  VOC concentrations at W-
09S1 have been decreasing since Fall 2008 suggesting that in the shallow 
kame sand, the VOC plume is equilibrating with the change in site 
hydrogeologic conditions.  VOC concentrations at P-01 have been 
decreasing since Spring 2010.  Additional sampling data is needed to 
determine if VOCs will continue to decrease similar to the W-09S1 well.   

 
VOC concentrations at W-09TD have continued to increase since capping 
of the landfill, with maximum total VOC concentrations detected in Fall 
2010.  This ablation glacial till well may take longer to equilibrate than the 
nearby kame sand well, because of the lower hydraulic conductivity and 
permeability of the ablation glacial till.  This may be similar to observed 
trends at the W-04D/W-04T cluster, where VOC concentrations in the W-
04D well have decreased and equilibrated faster than is observed in the 
adjacent ablation glacial till well W-04T 

 
The downgradient limit of the VOC plume, as indicated by TCE and PCE 
concentrations above ICLs is located between P-02 and P-08 (Area C).  
This is the same downgradient limit that was observed when these 
piezometers were installed in 1999.   

 
Upward flow gradients are observed in the vicinity of P-19, P-21, and the 
W-09 monitoring well cluster, indicating groundwater discharge to surface 
water in Area C.  Groundwater flow from the eastern hillside area now 
converges with groundwater flow from the Landfill Area in the Unnamed 
Stream in the vicinity of the W-09 monitoring well cluster and to the 
south.  The Unnamed Stream and the steep hill slope to the east of the Site 
have replaced the former Marshy Area and associated swales as the point 
of groundwater convergence and appear to serve as natural hydraulic 
barriers to lateral migration of contamination in shallow groundwater and 
surface water.  

 
In addition, the more permeable kame sand layer pinches out towards the 
southwest in Area C, and overburden groundwater is only present in the 
lower permeability ablation glacial till.  This further slows the rate of 
contaminant transport.   

 
As indicated in Section 1.4.2, VOC are detected in surface water in the 
upper reaches of the Unnamed Stream, locations SW-18, SW-P19, SW-
P20, SW-P21, SW-P22, and SW-P23.  Other than at SW-18 where 
concentrations are increasing, VOC concentrations in Spring and Summer 
2010 were the lowest concentrations measured since capping of the 
landfill and, at most locations, lower than the maximum concentrations 
detected in pre-capping samples.  These data indicate that as the 
groundwater contaminant plume continues to discharge to the Unnamed 
Stream, even at the levels historically detected in W-06 the VOC 
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concentrations are attenuated to near non detect conditions by dilution 
effects within the upper reaches of the Unnamed Stream.   
 

1.6.3 Reductive Dechlorination Evaluation Results   
 

In order to better understand contaminant fate and transport, an evaluation 
of reductive dechlorination conditions was conducted for the Site during 
2005.  The scope and results of this evaluation are discussed in detail in 
the report Response to USEPA’s Five-Year Review, Follow-Up 
Requirements for the Burgess Brothers Superfund Site, dated October 
2005.  The evaluation included analysis of sampling results for chlorinated 
VOCs and groundwater geochemistry indicator parameters and was 
performed in accordance with the screening methods provided in 
the USEPA Technical Protocol for Evaluating Natural Attenuation of 
Chlorinated Solvents in Ground Water dated 1998. 

 
The geochemical and VOC data collected in 2005 were evaluated in 
accordance with the screening method provided in the 1998 guidance.  
Using the scoring system provided by USEPA, a score was developed for 
each well across the Site for which reductive dechlorination parameters 
were collected.  This score was posted to a map of the Site.  The 
interpretation of the scores as outlined by the 1998 guidance is described 
in the following table.   

 
 

Reductive Dechlorination Score Interpretation 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1-14 is a site map showing the results of the reductive 
dechlorination analyses.  The contours on this map provide a summary of 
all of the VOC and geochemical parameters and are colored to match the 
scoring system developed by USEPA.  Red is used to represent the region 
where reductive dechlorination is not likely to occur, yellow is used to 
represent the region where the VOC and geochemical parameters are near 
the limit of where reductive dechlorination could occur, and green 

Score Interpretation 

0 to 5 Inadequate evidence for anaerobic biodegradation of chlorinated organics 

6 to 14 Limited evidence for anaerobic biodegradation of chlorinated organics 

15 to 20 Adequate evidence for anaerobic biodegradation of chlorinated organics 

> 20 Strong evidence for anaerobic biodegradation of chlorinated organics 

Source: USEPA 1998 -  Technical Protocol for Evaluating Natural Attenuation of Chlorinated 
Solvents in Ground Water 
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represents the region where there is strong evidence for reductive 
dechlorination.  

 
In general, as shown in Figure 1-9, there is adequate to strong evidence for 
the presence of reductive dechlorination in the area under the landfill cap, 
including in the lagoon area and to the south towards the southern end of 
the capped portion of the Site (reductive dechlorination scores of ~15 or 
higher) (Area A and portions of Area B).  This process is likely reducing 
the mass and concentration of PCE and TCE in this area of the Site 
through reductive dechlorination and the elevated concentrations of 1,1-
DCE at W-04D are consistent with this process.  Downgradient of the 
capped area towards the south-southwest (southwest end of Area B and 
Area C), there is limited to inadequate evidence for reductive 
dechlorination (scores of 10 or less).  However, the occurrence of other 
processes in conjunction with dechlorination, such as dilution and 
dispersion, is expected to assist in reducing the VOC concentrations in 
Areas B and C.  In addition, the more aerobic conditions downgradient of 
the Landfill Area are likely conducive to the oxidation of vinyl chloride, 
reducing its mass and concentration in Area C, the Downgradient Plume 
Area. 

 
1.6.4 Plume Mass Flux and Dilution Calculations 

 
Plume mass flux and dilution calculations were performed to better 
evaluate contaminant fate and transport from groundwater discharge to 
surface water.  The methodology and results of these calculations are 
discussed in detail in the Response to USEPA’s Five-Year Review, Follow-
Up Requirements for the Burgess Brothers Superfund Site, dated October 
2005.  In summary, groundwater flux into the Unnamed Stream was 
calculated by estimating the flow of groundwater converging on the 
Unnamed Stream using the measured hydraulic gradients near the stream, 
the aquifer thickness, and a hydraulic conductivity of 0.5 ft/day (derived 
from the groundwater model constructed for the Site and consistent with 
the range of values determined from site slug test data).  The following 
table summarizes dilution calculation results for stream base flow rate 
conditions of 9 gallons per minute (gpm) and peak flow rate conditions of 
640 gpm.  This table also shows the 2005 surface water sampling results 
for TCE and PCE.  For comparison, sample location SW-18 in the toe-of-
slope swale was assumed to reflect base flow conditions and sample 
location SW-15, located in the Unnamed Stream approximately 300’ 
downstream of the toe-of-slope swale, was assumed to reflect peak flow 
conditions.  
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Unnamed Stream 
Flow Rate 

Calculated TCE  
 

2005 Surface 
Water Sampling 
Results 

Calculated PCE  2005 Surface Water 
Sampling Results 

9 40.7 20  (a) 13.6 8 (a) 

640 0.6 1 J (b) 0.2 ND (b) 

Notes:  
All results in µg/l. 
(a) Collected from surface water sample location SW-18 
(b) Collected from surface water sample location SW-15. 
J  Indicates an estimated value. 

As indicated in the above table, the calculated dilution calculations 
compare well with existing surface water data, suggesting that the input 
values are reasonable.  The results of the dilution calculations indicate 
that, assuming that the groundwater contaminant plume continues to 
discharge to the Unnamed Stream at the concentrations detected in W-06 
and P-10, the VOC concentrations will be attenuated to near or at non 
detect conditions by dilution effects within the upper reaches of the 
Unnamed Stream.   

 
1.7 SUMMARY OF HUMAN HEALTH AND ECOLOGICAL RISKS 

 
1.7.1 Overview 

 
A baseline human health and ecological risk assessment was prepared in 
1997 by TRC Companies, Inc. under contract to EPA.  The purpose of the 
risk assessment was to determine whether contaminants detected at the 
Site posed a current or future risk to human health or the environment.  
The results of the assessment were then used to establish remedial action 
objectives for the Site.   

 
1.7.2 Human Health Risk Assessment 

 
The human health risk assessment considered risks associated with 
contaminants detected in groundwater, surface and subsurface soils, 
sediments, surface water, leachate and ambient air.  Both carcinogenic and 
noncarcinogenic risks were evaluated.  The target risk range for 
carcinogenic risks is 10-6 to 10-4 and the target risk for noncarcinogenic 
risks is unity.   

  
With regard to the potential receptors that may be exposure to surface 
soils, sediments and surface water, the HHRA concluded: 
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“Current exposure to site contaminants is believed to be to site trespassers, 
hunters, and site employees.  These receptor populations are thought to 
have occasional contact with surface soils, sediments and surface water.”  

 
With regard to risk to this potential receptor, the HHRA concluded: 

 
“Exposure to surface and subsurface soils outside of the landfill boundary 
were below 10 -4 or a HI<1 and were not determined to warrant a 
remedial action.  All carcinogenic and noncarcinogenic risk values 
estimated for exposure to stream sediments and surface water were also 
below 10 -4 or a HI<l. 

 
With regard to exposures to groundwater, the HHRA concluded: 

 
“Ingestion of contaminated groundwater was considered as a future 
potential exposure and quantitatively evaluated in the risk assessment.” 

 
With regard to risk to those receptors that may ingest groundwater from 
the deep (bedrock), the HHRA concluded: 

 
“All carcinogenic and noncarcinogenic risk values estimated for 
consumption of groundwater from deeper aquifers were below 10 -4 or a 
HI<1 and were not determined to warrant a remedial action.” 

 
With regard to risk to those receptors that may ingest shallow 
groundwater, the HHRA concluded: 

 
“The greatest risks were projected for the future ingestion of shallow 
groundwater at the Site.  Both average (1 x 10 -3) and maximum (7 x 10 -
2) cancer risk estimates exceed EPAs benchmark of 10 -4. Vinyl chloride, 
tetrachloroethene, trichloroethene, and 1,1-dichloroethene are some of the 
key contributors to these risk estimates.” 

 
“The highest noncarcinogenic hazard potential (HI=300) was also 
projected with the ingestion of maximum concentrations of shallow 
groundwater from wells at the Site.  Both average (HI=20) and maximum 
(HI=300) noncancer hazard estimates exceed EPAs benchmark of unity. 
Trichloroethene, 1,2-dichloroethene (total), benzene, and 
tetrachloroethene as some of the key contributors to these risk estimates.” 

 
“Inhalation of VOCs from domestic use of contaminated shallow 
groundwater would increase any risk associated with residential 
groundwater use.  Although no established toxicity value is available for 
lead, a National Interim Primary Drinking Water Regulation (NIPDWR) 
is available (15 ug/l) and was used as a comparison for risk evaluation 
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purposes. Both average (30 ug/l) and maximum (72 ug/l) shallow 
groundwater concentrations of lead exceeded the NIPDWR. 

 
In summary, the HHRA concluded that there were unacceptable risk to 
trespassers, hunters and employees from potential exposure to the landfill 
and unacceptable risks to future residents who would ingest the shallow 
groundwater at the Site.  

 
The response action selected in the ROD addressed the risks at the Site by 
minimizing the potential for transfer of hazardous substances from the soil 
and solid waste into the groundwater, surface water, and sediment; 
preventing direct contact with hazardous substances in the soil or solid 
waste; preventing further migration of contaminated groundwater; 
restoring contaminated groundwater to drinking water standards; and 
preventing ingestion of contaminated groundwater. 

 
The cap over the landfill and portion of the former Marshy Area prevents 
exposure to hazardous substances and solid waste in the landfill and soil 
by trespassers, hunters and employees.  The future ingestion of 
contaminated groundwater has been prevented by the Grant of 
Environmental Protection Easement and Declaration of Restrictive 
Covenants recorded in 2005.  This institutional control gives the State the 
perpetual right to enforce certain use restrictions, including the use of 
groundwater in any manner except for the purpose of monitoring 
groundwater quality.  This institutional control also prohibits the use of the 
Site for any residential purpose.  Therefore, ingestion of the shallow 
groundwater cannot occur unless allowed by the State of Vermont. 

 
1.7.3 Ecological Risk Assessment 

 
The 1997 ecological risk assessment focused on potential environmental 
receptors associated with streams and leachate seeps and a wet meadow 
habitat located in the vicinity of the landfill.  The risk assessment included 
a comparison of surface water and leachate data to Ambient Water Quality 
Criteria (AWQC), as well as toxicity benchmarks.  Risks associated with 
sediments were evaluated by comparing the data to Sediment Quality 
Guidelines published by the Ministry of Ontario.  

 
Based on data collected during the Remedial Investigation, it was 
determined that surface water quality in the Unnamed Stream was 
impacted by elevated concentrations of silver and antimony.  However, 
neither of these inorganics was found at elevated levels near the Landfill 
Area and might not be site-related.  Elevated levels of organics (TCE and 
PCE) were found at a leachate seep.  Sediment concentrations of nickel, 
cadmium, manganese, and lead were elevated resulting in a slightly 
elevated risk.  Therefore, the risk assessment concluded that exposure to 
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contaminants in surface soils outside of the landfill boundary might impact 
some wildlife species foraging in those areas.   

 
At the time of the 1998 ROD, VOC and metal concentrations decreased 
downstream in the Unnamed Stream.  VOCs and metals were not detected 
in Barney Brook above State and Federal water quality standards. 

 
The 1998 ROD concluded that the source of VOCs and metals in surface 
water and sediments was from landfill leachate seeps and groundwater 
discharge to surface water.  All of the leachate seeps and the original 
swale adjacent to the landfill are now beneath the capped portion of the 
former Marshy Area and consequently, groundwater now discharges to the 
Unnamed Stream at the landfill toe-of-slope and farther downstream.  

 
As noted in Section 1.4.2, VOCs continue to be detected in surface water 
above performance standards immediately adjacent to the cap and 
sporadically downstream.  Of the long-term surface water sampling 
locations, SW-18 consistently has the greatest VOC concentrations.  
SW-18 is located just downgradient of the compliance boundary.  The 
overall trend at SW-18 appears to be decreasing with occasional increases.  
With the Landfill and former Marshy Area capping, the groundwater flow 
path has shifted more southerly.  The occasional increases observed at 
SW-18 suggest there is still some periodic discharge of the groundwater 
flow southeast of the landfill. 

 
VOC concentrations had been increasing at SW-P19, 150 feet downstream 
from SW-18 from 2006 through 2009; however, decreased VOC 
concentrations were observed in Spring and Fall 2010.  This suggests that 
the groundwater plume core is continuing to migrate farther away from the 
compliance boundary.  Concentrations at locations farther downstream 
have also had concentrations slightly above the performance standards. 

 
Sediment  

 
Post-capping, sediments have been sampled at an upstream and a 
downstream location six times.  With the exception of one exceedance of 
copper in the upstream location and one exceedance of nickel in the 
downstream location, the metals PLs have been met.  This is consistent 
with historical data and expected as a result of the remedial action. 
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2.0   IDENTIFICATION OF ARARS AND RAOS FOR SURFACE WATER AND 
GROUNDWATER 

  
2.1 SUMMARY OF APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

 
2.1.1 Overview    

 
This section identifies potential applicable or relevant and appropriate 
requirements (ARARs) for the Site.  ARARs consist of federal and state 
environmental laws and regulations, which may have a bearing on the 
remedial actions selected for a site.   

 
ARARs for the current remedy were developed through the RI/FS process 
(building on review work commenced during the 1997 Engineering 
Evaluation/Cost Assessment) and ARARs from the earlier reports were 
updated and combined for the purposes of the 1997 FS and ultimately 
documented in the ROD in 1998.  The ARARs identified in the ROD are 
attached in Appendix B.  The ARARs from the ROD are the starting point 
requirements for the baseline alternative 1 (No Further Additional Action) 
and have been reviewed and updated for this FFS.  ARARs discussed in 
this section only address the proposed remedial alternatives included in 
this FFS (i.e., groundwater, surface water and sediment) and are not a 
comprehensive list of ARARs for the site.  The compliance of the 
alternatives with the ARARs is evaluated in Section 5.0 of this report. 

 
2.1.2 Classification of ARARs 

 
After identifying the ARARs for the Site, a determination is made as to 
whether the requirement is “applicable” or if not directly applicable to the 
Site “relevant and appropriate” nevertheless.  In addition to ARARs, non-
promulgated criteria, advisories or guidance issued by federal and state 
agencies do not have ARAR status; however, they may be considered in 
determining necessary cleanup levels for the protection of public health or 
the environment.  These criteria, advisories and guidance are classified as 
“to be considered” (TBCs). 

 
The ARARs that have been identified applicable or relevant and 
appropriate to the proposed remedial action alternatives are further 
categorized as:   
• Chemical-specific  
• Action-specific 
• Location-specific 
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2.1.3 Chemical-Specific ARARs 

 
Table 2-1 lists the potential State and Federal chemical-specific ARARs.  
Chemical-specific ARARs set health or risk-based concentration limits or 
discharge limitations in various environmental media for specific 
hazardous substances.  These requirements generally set protective 
cleanup levels for the chemicals in the designated media, or indicate an 
acceptable level of chemical discharge to an environmental medium 
occurring as a result of a remedial activity.  If a chemical has more than 
one ARAR, the more stringent requirement is typically selected.   

 
Chemical-Specific ARARs for Groundwater 

 
The following regulation is applicable because it establishes primary 
groundwater standards: 
 
• Vermont Ground Water Protection Regulations (EPR 12-702).   
• Groundwater in the vicinity of the Site is a potential future source of 

drinking water.  Therefore, the following drinking water standards are 
classified as relevant and appropriate:  

• Federal Safe Drinking Water Act - Maximum Contaminant Levels. 
• Federal Safe Drinking Water Act - Maximum Contaminant Levels 

Goals (if non-zero); 
 

EPA may use the following risk-based values, which are classified as “to 
be considered,” to establish criteria in the absence of pre-established 
numerical ARARs:   
 
• Vermont Health Advisories; 
• EPA Reference Doses (RfDs) and EPA Carcinogen Assessment Group 

Potency Factors; and 
• EPA Health Advisories. 

 
Chemical-Specific ARARs for Air, Surface Water, and Sediments 

 
No chemical-specific ARARs for air, surface water, or sediments were 
identified in the 1998 ROD and none of the alternatives evaluated in the 
FFS would invoke chemical-specific ARARs for these media.  

 
2.1.4 Action-Specific ARARs 

 
Table 2-2 lists the potential State and Federal action-specific ARARs.  
Action-specific ARARs are those requirements associated with the 
remedial actions under consideration for the Site.  These ARARs generally 
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set performance, design, or other similar action-specific controls or 
restrictions on particular kinds of activities related to management of 
hazardous substances.  Action-specific ARARs for air, groundwater, 
surface water, landfill material, and excavated materials (soil and 
groundwater) have been identified for the Site.  Additionally, since some 
alternatives could impact sediments, sediment ARARs are also identified.   

 
Action-Specific ARARs for Groundwater  

 
At a minimum, the remedial alternatives include monitoring groundwater 
quality.  Some alternatives also include a groundwater treatment 
component.  Therefore, the following regulation will be applicable to the 
remedial actions:   
 
• Vermont Ground Water Protection Regulations (10 VSA Chapter 48, 

EPR 12-704 and 12-705). 
 

If a groundwater treatment system is included in the remedy and effluent 
is infiltrated through injection wells, then the following regulations would 
be applicable to the remedial action: 
 
• Vermont Environmental Protection Regulations Chapter 11 

Underground Injection Control Rule 1984 
• Federal Underground Injection Control Program  

 
Action-Specific ARARs for Surface Water 

 
The remediation of groundwater may require that groundwater be 
discharged to the Unnamed Stream that flows through the Site.  Therefore, 
the following regulation may be relevant and appropriate to the remedial 
action:   
 
• Vermont Water Quality Standards;  
• Vermont National Pollution Discharge Elimination System (NPDES) 

Program (EPR Chapter 13);  
• Federal Clean Water Act - National Recommended Water Quality 

Criteria; and 
• NPDES Permit Program (40 CFR 122). 

 
Action-Specific ARARs for Sediment 

 
The remediation of groundwater may require excavation or impact to 
sediments in or near the Unnamed Stream.  Therefore, EPA may use the 
following risk-based values, which are classified as “to be considered,” to 
establish criteria in the absence of pre-established numerical ARARs:   
• Ontario Ministry of the Environment Sediment Quality Guidelines  
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Action-Specific ARARs for Air 

 
Treatment activities may involve the use of equipment, such as an air 
stripper, which may produce an off-gas.  Therefore, the following action-
specific ARARs will be applicable: 
 
• Vermont Air Pollution Law, 10 VSA, Chapter 23 and Vermont Air 

Pollution Control Regulations, 5-101, 5-211, 5-231 to 5-252, 5-253.20, 
5-261, 5-301 to 5-311, 5-501 to 5-502, and 5-1010. 

 
In addition, the following regulations may be applicable, if threshold 
limits of organic concentrations are met: 
 
• Federal Resource Conservation and Recovery Act (RCRA) Air 

Emissions Standards for Equipment Leaks, 40 CFR Part 264, Subpart 
BB; and 

• Federal RCRA Air Emissions Standards for Process Vents, 40 CFR 
Part 264, Subpart AA.   

 
The following will are considered relevant and appropriate during design 
of processes that generate air emissions: 
 
• National Primary and Secondary Ambient Air Quality Standards (40 

CFR Part 50) 
 

Lastly, the following will be considered during design of processes that 
generate air emissions: 
 
• USEPA's "Control of Air Emissions from Superfund Air Strippers at 

Superfund Groundwater Sites" (OSWER Dir. 9355.0.28, 15 June 
1989). 

• National Emission Standards for Hazardous Air Pollutants 
(NESHAPs) (40 CFR Part 61) 

 
Action-Specific ARARs for Landfill Material 

 
The landfill was not a permitted hazardous waste transfer, storage or 
disposal facility under RCRA.  However, USEPA and VTDEC believe 
that the nature of the wastes disposed at the Site prior to 19 November 
1980 was sufficiently similar to current RCRA hazardous wastes that 
RCRA Subtitle C Regulations and Vermont Hazardous Waste 
Management Regulations, Chapter 7, Subchapter 5 are relevant and 
appropriate.  The RCRA requirements are made effective by the Vermont 
Hazardous Waste Regulations (EPR-7-502).   
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The Vermont Hazardous Waste Management Regulations in Chapter 7, 
Subchapter 5 incorporate the RCRA Subtitle C regulations that relate to 
this Site by reference, therefore, only the RCRA Subtitle C sections that 
are relevant and appropriate this Site are discussed below.  Since the 
landfill has been capped and closed, the RCRA Subtitle C and Vermont 
Hazardous Waste Management Regulations listed here only pertain to 
monitoring requirements and activities that penetrate the landfill cap 
system.   

 
Subpart F - Releases from Solid Waste Management Units 
This subpart describes the groundwater monitoring requirements and 
points of compliance for determining the need for additional monitoring 
and corrective action.  Sections 264.95 and 264.96(a) and (c) will be 
relevant and appropriate, as they define points of compliance and 
compliance time periods.  The compliance point and the compliance 
period according to CERCLA were set by EPA in the 1998 ROD for the 
Site.  The compliance period defined in 264.96(c) for corrective action 
will be relevant and appropriate to the Superfund action.  Sections 264.97, 
264.98 and 264.99 will also be relevant and appropriate. 

 
Subpart G - Closure and Post-Closure 
Section 264.114 establishes the requirement to properly dispose or 
decontaminate any contaminated equipment, structures and soils. 

 
Action-Specific ARARs for Excavated Materials (Soil and 
Groundwater) 

 
Excavation of contaminated soils and sediment may generate hazardous 
waste, including soil/sediment and groundwater; therefore, regulations 
associated with identification and handling of hazardous wastes would be 
applicable, including: 
 
• Identification and Listing of Hazardous Waste (40 CFR Part 261) 
• Hazardous Waste Determination (40 CFR Part 262.11) 
• Federal RCRA Hazardous and Solid Waste Amendments of 1984 (42 

USC §6901 et seq.) 
• Department of Transportation (DOT) Regulations (49 CFR Parts 172-

174 and 177-179) 
 

2.1.5 Location Specific ARARs 
 

Location-specific ARARs restrict the concentrations of hazardous 
substances or the type of activities conducted at a site based on the site’s 
location.  Examples of these types of locations include flood plains, 
wetlands, historic places and sensitive ecosystems or habitats.  As outlined 
in the Supplemental RI, the Site is not located in a 100-year flood plain.  
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Wetlands delineation for the former Marshy Area was performed in 
conjunction with the 1997 FS; however, no delineation was performed for 
the Unnamed Stream or areas beyond the Marshy Area.  ARARs 
pertaining to critical habitats and wetlands are included in this FFS, in 
case wetlands are identified that could be impacted by the proposed 
alternatives. 

  
All remedial action activities located within or adjacent to wetland areas 
will have to be implemented in a manner that minimizes their destruction, 
disruption, loss or degradation.  Therefore, the following ARARs will be 
applicable: 
 
• Federal Fish and Wildlife Coordination Act (16 USC 661 et. seq.)  40 

CFR Part 6 
• Federal Clean Water Act Sec. 404 (33 USC §1344); Section 404(b)(1) 

Guidelines for Specification of Disposal Sites for Dredged or Fill 
Material (40 CFR Parts 230 and 231 and 33 CFR Parts 320-323) 

• Regulation of Stream Flow (10 VSA Chapter 41) 
• Floodplain Management and Protection of Wetlands 44 CFR 9 
• Vermont Obstruction of Streams (10 VSA Chapter 111 §4607) 
• Vermont Wetlands Act, 10 VSA §905 Vermont Wetlands Rules 
• Vermont’s Land Use and Development Law (Act 250), 10 VSA 

Chapter 151 
 

Federal wetlands regulations are applicable at the site and require that 
impacted wetlands be restored or replicated.  In addition, appropriate 
erosion and siltation controls will be required during construction and 
any swales must be designed and constructed to minimize impacts to 
wetlands and receiving surface waters.   

 
2.2 REMEDIAL ACTION OBJECTIVES 

 
EPA issued Remedial Action Objectives for surface water and groundwater in the 
1998 ROD for the Site.  Following is a summary of those RAOs for groundwater 
and surface water. 

 
2.2.1 1998 RAOs for Surface Water 

  
• Protect off-site surface water by preventing the occurrence of landfill 

impacted seeps. 
• Prevent, to the extent practicable, ecological impacts from 

contaminants in the Marshy Area. 
• Meet federal and state ARARs for any surface water discharge.  
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2.2.2 1998 RAOs for Groundwater 
 

• Prevent, to the extent practicable, the ingestion of landfill impacted 
bedrock groundwater exceeding Maximum Contaminant Levels 
(MCLs), Vermont Primary Ground Water Quality Standards, or in 
their absence, the more stringent of an excess cancer risk of 1 x 10-6 
for each compound or a hazard quotient of unity for each 
noncarcinogenic compound by any individual who may use the 
bedrock groundwater or within an area that the groundwater could 
become impacted as a result of pumping activities. 

• Restore the bedrock groundwater at the edge of the Waste 
Management Unit (capped area of landfill/marshy area) to MCLs, 
Vermont Primary Ground Water Quality Standards, or in their absence, the 
more stringent of excess cancer risk of 1 x 10-6 for each compound or a 
hazard quotient of unity for each noncarcinogenic compound.   

  
2.2.3 2011 RAO for Overburden Groundwater 

 
The 1998 ROD did not include an RAO for overburden groundwater 
because the expectation that the capping and hot spot actions would meet 
the landfill RAO: “Prevent, to the extent practicable, the migration of 
contaminated groundwater/ leachate beyond the points of compliance by 
controlling the source of the contamination.”  Therefore, a separate RAO 
for overburden groundwater was not included.  However, as migration has 
not been prevented, an RAO for overburden groundwater is now added. 

 
Restore the overburden groundwater at the edge of the Waste Management 
Unit (capped area of landfill/marshy area) and beyond to MCLs, Vermont 
Primary Ground Water Quality Standards, or in their absence, the more 
stringent of excess cancer risk of 1 x 10-6 for each compound or a hazard 
quotient of unity for each noncarcinogenic compound.   

 
2.3 INTERIM CLEANUP LEVELS AND PERFORMANCE LEVELS 

 
2.3.1 Introduction 

 
In 1998 EPA issued a ROD for the Burgess Brothers Superfund Site, 
which was followed in 1999 by a RD/RA Statement of Work.  The ROD 
and Statement of Work included Performance Levels (PLs) for surface 
water and sediment and Interim Cleanup Levels (ICLs) for groundwater.  
EPA has stated that for purposes of this Focused Feasibility Study, 
Preliminary Remediation Goals (PRGs) are not applicable and that the PLs 
and ICLs as issued under the ROD and SOW are to be used in place of 
PRGs.   
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2.3.2 Performance Levels for Surface Water 
 

Performance Levels for surface water were specified by EPA in the 1998 
ROD and in the SOW.  These Performance Levels were established to 
evaluate the effectiveness of the source control and groundwater cleanup 
measures. 

 
The PLs for surface water are based on the Federal Clean Water Act – 
National Recommended Water Criteria (NRWQC) dated 2009 and State 
of Vermont Water Quality Standards (VTWQS), effective January 1, 
2008.  Development of some PLs for surface water requires site-specific 
chemical data, including, but not limited to, surface water hardness, pH, 
temperature, dissolved organic carbon, calcium, magnesium, sodium, 
potassium, sulfate, chloride and alkalinity.  Current data for these 
parameters is not available for the Burgess site; therefore, PLs for surface 
water from the 1998 ROD will be updated prior to implementation of the 
supplemental groundwater remedy using site-specific chemical data. 

 
2.3.3 Interim Cleanup Levels for Groundwater 

 
EPA specified Interim Cleanup Levels for groundwater contamination in 
the 1998 ROD and the SOW.  While the ICLs are consistent with current 
ARARs, the levels are considered interim because the cumulative risk 
posed by these contaminants, after attainment of the individual Interim 
Cleanup Levels, may still exceed EPA's risk management standard.  The 
Settling Defendants are required to attain the Interim Cleanup Levels, any 
newly promulgated or modified ARARs.  

 
2.4 CONTAMINATED MEDIA EXCEEDING ICLS AND PLS 

 
Sections 1.5.1 and 1.5.2 present data showing the extent of contamination that 
exceeds the current ICLs and the PLs for groundwater and surface water, 
respectively.  These data are also presented in Figures 1-10 and 1-11. 
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3.0 IDENTIFICATION AND SCREENING OF APPLICABLE TECHNOLOGIES 
 

3.1 GENERAL RESPONSE ACTIONS 
 

As discussed in Section 2.2, RAOs were developed for Site groundwater and 
surface water.  General response actions presented in Office of Solid Waste and 
Emergency Response (OSWER) Directive No. 9355.3-01, Guidance for 
Conducting Remedial Investigations and Feasibility Studies under CERCLA, 
were evaluated for their applicability.  Site-specific, general response actions for 
groundwater were selected based on both groundwater and surface water RAOs, 
and the nature and extent of contaminants present at the Site.   
 
General response actions to address potential exposure and migration of 
contaminated groundwater include the following: 

 
• No further additional action  

• In situ treatment 

• Containment 

• Excavation and ex situ treatment or disposal 

 
3.2 TECHNOLOGY IDENTIFICATION AND SCREENING 

 
Potentially applicable technology types and process options for Site groundwater 
are listed in Table 3-1.  These potentially applicable technology types and process 
options are derived from those identified in other RODs, experience with similar 
contaminant and hydrogeologic conditions, and technology screening tools 
provided by the Federal Remediation Technologies Roundtable (www.frtr.gov) 
and the EPA Remediation and Characterization of Innovative Technologies – 
REACH IT (www.epareachit.org).  As defined in the OSWER Directive No. 
9355.3-01, the term “technology type” refers to general categories of technologies 
(e.g., biological treatment), and “process options” refers to specific process within 
each remedial technology type. 
 
Technology screening is performed to reduce the number of potentially applicable 
technologies to a manageable number prior to developing remedial alternatives 
and performing a more rigorous screening.  During the technology-screening step, 
technology types and process options are screened on the basis of their technical 
implementability at the Site.  Site information, including the medium of concern, 
groundwater, contaminants (VOCs) and contaminant hydrogeology, are used to 
eliminate from further consideration technology types and process options that 
could not be effectively implemented at the Site. 
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The following technology types and process options were identified to address 
site groundwater.  Descriptions and screening comments for the technology types 
and process options are provided in Table 3-1. 

 
• No further additional action 
• In-Situ Treatment 

- Physical treatment 
 Air sparging and soil vapor extraction (AS-SVE) 
 Circulation wells 

- Biological treatment 
 In situ bioremediation via Enhanced Reductive 

Dehalogenation (ERD) 
- Chemical treatment 

 In situ chemical oxidation (ISCO) by permanganate 
- Monitored natural attenuation (MNA) 

• Containment 
- Treatment Trench 

 Air sparging trench 
- Extraction 

 Groundwater collection trench with onsite ex situ 
treatment of collected groundwater and onsite 
surface water discharge 

 Groundwater extraction wells 
- Permeable reactive barrier (PRB) 

 Zero-valent iron PRB 
 Biological reactive medium PRB 

• Excavation and Disposal/Treatment of Area B Saturated Soils 
- Off-Site Disposal 

 Dewatering  and treatment of extracted 
groundwater; disposal at RCRA C Landfill; backfill 
with imported soil 

- On-Site Treatment 
 Dewatering and treatment of extracted groundwater; 

vacuum extraction of VOCs from soils; backfilling 
with treated soil 

 
Of these technologies and process options, SVE/AS, circulation wells, air 
sparging trench, groundwater extraction wells, and biological reactive medium 
PRB were eliminated.  SVE/AS was eliminated because it has been insufficiently 
effective for removal of VOCs from saturated zone from the former lagoons.  
Given this performance in the landfill area and similar geologic and hydrologic 
conditions elsewhere in the Site, this process option is not likely to be effective if 
expanded. 
 
Circulation wells and groundwater extraction wells were eliminated because these 
process options are not suited for low permeability site soils.  Significant number 
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of wells and process equipment would be required and still would likely not 
effective.  
 
The air-sparging trench was eliminated because it would potentially disrupt the 
naturally occurring downgradient anaerobic biodegradation.  

 
A biological reactive medium PRB was eliminated because the dissolved 
contaminant concentrations at the site are likely too high and therefore this 
process option would not be effective. 
 
The technologies and process options carried forward for detailed review, 
described in Section 4, are: in-situ treatment with biological (ERD) or chemical 
treatment (ISCO) in combination with MNA; containment with a PRB or a 
combination of PRBs; and excavation and offsite disposal or treatment of 
impacted soils. 
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4.0 DEVELOPMENT AND SCREENING OF REMEDIAL ALTERNATIVES 
The purpose of the remedial alternative development and screening process is to 
assemble an appropriate range of possible remedial alternatives to achieve the RAOs 
identified for the Site.  In this process, technically implementable technologies retained in 
Section 3 for further evaluation are appropriately selected to form remedial alternatives 
for achieving the RAOs.  This section provides the remedial alternative development 
approach, detailed descriptions of the developed remedial alternatives, and a screening-
level evaluation based on their effectiveness, implementability, and relative cost.   

 
4.1 RATIONALE FOR DEVELOPMENT OF REMEDIAL ALTERNATIVES 

The remedial alternative development for site groundwater was conducted in 
compliance with statutory requirements of the NCP and in consideration of the 
OSWER Directive No. 9355.3-01, which presents a broad framework for the 
formulation, evaluation and selection of remedial alternatives for uncontrolled 
hazardous waste sites.  The NCP encourages development of a range of remedial 
alternatives, including one or more engineering control alternatives (such as 
containment), one or more innovative treatment alternatives and a baseline no-
action alternative.    

 
4.2 DESCRIPTION OF REMEDIAL ALTERNATIVES 

To assist with the development and selection of a groundwater remedy, the area of 
impacted groundwater at the Site was divided into three areas: 

 
• Area A: portion of the Site with impacted groundwater upgradient of the 

landfill compliance boundary 
• Area B: portion of the Site where groundwater has elevated VOC 

concentrations downgradient of the compliance boundary 
• Area C: plume area downgradient of Area B where groundwater VOCs are 

expected to naturally attenuate in a relatively short timeframe once the 
upgradient source in Area A and elevated groundwater VOC concentrations in 
Area B are addressed 

 
Figure 4-1 shows the general locations of Areas A, B, and C.  Section 5 provides 
further definition of Areas A and B by delineation based on the proposed remedial 
technologies within each remedial alternative.  The current nature and extent of 
groundwater impacts in these areas are discussed in Section 1 of this report. 

 
To address the groundwater impacts at the Site, as shown in Table 4-1, the 
following five remedial alternatives have been developed from the remedial 
technologies and process options retained in Section 3 for further evaluation: 

 
• Alternative 1: No further additional action 
• Alternative 2: Areas A and B in situ remedy, ERD, ISCO, in situ soil mixing 

(ISSM), or a combination, and MNA in Area C 
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• Alternative 3: Area A containment remedy, barrier system at the compliance 
boundary, Area B in situ remedy, ERD, ISCO, ISSM, or a combination, and 
MNA in Area C  

• Alternative 4: Areas A and B containment remedy, barrier system at the 
compliance boundary, a second barrier system for Area B, and MNA in Area 
C (potential remedy optimization: Area B in situ remedy, ERD, ISCO, ISSM, 
or a combination) 

• Alternative 5: Area A containment remedy, PRB barrier system at the 
compliance boundary, Area B excavation, and MNA in Area C 

 
The key components of Alternatives 1 through 5 are identified in Table 4-2.  The 
following subsections provide descriptions of each of the five alternatives. 

 
4.2.1 Alternative 1: No Further Additional Action 

 
This alternative is developed as a baseline.  The purpose of the no further 
additional action alternative is to evaluate the overall human health and 
environmental protection provided by the Site in its present state.  Under 
this alternative, natural attenuation by natural biological and chemical 
degradation, dispersion, and adsorption would continue.  Operation of the 
SVE system would continue as appropriate to achieve its intended 
objectives.  No additional remedial actions would be undertaken.  The 
activities conducted under this alternative include monitoring to evaluate 
contaminant migration and a review of Site conditions and risks every five 
years.  Existing institutional controls (Declaration of Restrictive 
Covenants and Groundwater Reclassification) prohibit the use of the land 
and groundwater within the groundwater reclassification boundary.  These 
institutional controls are considered adequate and no additional 
institutional controls are proposed.  

 
Performance Monitoring - Under Alternative 1, groundwater would be 
sampled periodically to monitor the migration of contaminants, and assess 
the potential impacts to downgradient receptors.  The current 
groundwater-monitoring plan would be modified as needed and 
implemented.  Monitoring will continue until conditions at the Site no 
longer prevent unrestricted use.  The collected data would be evaluated at 
a minimum during each five-year review.  

 
Five-Year Reviews - This alternative assumes that contaminants remain in 
the subsurface at the Site.  Accordingly, a review of site conditions and 
risks would be conducted every five years, as required by CERCLA.  
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4.2.2 Alternative 2: Areas A and B In situ Remedy, ERD, ISCO, ISSM, or a 

combination, and MNA in Area C 
 
Alternative 2 would provide active groundwater remediation to Areas A 
and B, with MNA in Area C.  Figure 4-2 shows a general layout of the 
Alternative 2 remedy.  Technologies that were considered for active 
remediation include: 

 
• In situ bioremediation by enhanced reductive dehalogenation (ERD), 
• In situ chemical oxidation (ISCO) using permanganate,  
• In situ soil mixing (ISSM) using amendments (e.g., a mixture of zero-

valent iron and ERD substrate), and 
• A combination of ERD, ISCO, or ISSM. 

 
Contaminated groundwater outside of the areas of active remediation 
would be remediated through MNA.  The following subsections briefly 
describe each of the remedial technologies, their method of 
implementation, and key components of each alternative at the Site. 

 
4.2.2.1 Alternative 2 Remedial Technologies 

In Situ Enhanced Bioremediation by Reductive Dehalogenation 
In situ enhanced bioremediation would promote remediation of the 
chlorinated VOCs in groundwater by enhanced reductive 
dehalogenation (ERD).  Under anaerobic conditions, a variety of 
naturally occurring bacteria can convert tetrachloroethene (PCE) 
and trichloroethene (TCE) to cis-1,2-dichloroethene (cis-DCE), 
subsequently to vinyl chloride, ethene/ethane, and ultimately to 
carbon dioxide, water, and inorganic chloride.  Ethene, ethane and 
carbon dioxide concentrations in Site groundwater are elevated 
above background at a number of monitoring wells in Areas A and 
B, indicating that intrinsic anaerobic biodegradation of VOCs in 
groundwater is occurring without enhancement.  The 
predominance of cis-DCE over trans-DCE, a manufactured VOC 
product, indicates that cis-DCE is the result of anaerobic 
degradation rather than a VOC introduced to the subsurface.  

 
The rates of reductive dehalogenation, and therefore VOC 
degradation, may be enhanced by adding amendments in the area 
of impacted groundwater.  Since the specific dehalorespiring 
microorganisms necessary for complete biodegradation of PCE 
and TCE are already present at the Site, the only amendment 
necessary may be the addition of organic substrate to act as an 
electron donor that can be naturally degraded to create conditions 
more conducive to anaerobic reductive dehalogenation.   
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Different types of substrate behave differently, and the selection of 
an appropriate substrate for the site conditions is an important step 
in the design process.  Some substrates are relatively mobile and 
degrade quickly (e.g., lactate, benzoate) while others are less 
mobile and degrade slowly (e.g., vegetable oil, HRC®).  During 
the remedial design phase, treatability testing will be necessary to 
evaluate the effectiveness of various electron donors.  Results of 
treatability testing will be used to determine the conditions under 
which degradation occurs, and to measure degradation rates 
achieved by various substrates.  Examples of laboratory treatability 
tests for in situ enhanced bioremediation of VOCs include 
microcosm bottle studies and soil column studies.  Data from 
laboratory treatability testing can help identify the parameters to be 
used for field-scale testing and implementation.  Field pilot testing 
(or possibly some type of phased implementation) would be 
performed to aid in the design and installation of an amendment 
delivery system at a site.  Existing monitoring wells may be 
utilized for monitoring the progress of pilot testing.   

 
Amendments would be added in Areas A and B by a series of 
injection wells placed at pre-determined spacing and depth 
intervals.  Appropriate amendment(s) and dosing rate(s) would be 
determined based on the results of the laboratory treatability study 
and/or field pilot test.  Types of delivery system configurations and 
dosing rates would be considered during the design process to 
optimize remediation.  A successful remediation using ERD is 
heavily dependent on the ability to distribute the electron donor in 
the contaminated area and establishing a viable bacterial 
community that contacts the target contaminants.  As is the case 
with other in situ treatment technologies, low soil permeability and 
heterogeneity can be problematic for ERD remedies if these 
conditions are not adequately understood and addressed during the 
design phase. 

 
Clogging of injection wells is a typical problem for in situ 
enhanced bioremediation systems.  Clogging occurs when there is 
a buildup of biomass on or near the well screens, making it 
difficult to inject or extract fluids from the subsurface.  Techniques 
used to reduce the impacts from clogging include pulsed addition 
of substrates, use of reduced concentrations of substrates and 
routine well cleaning. 

 
In Situ Chemical Oxidation using Permanganate 
In situ chemical oxidation involves oxidation-reduction reactions, 
which are essentially exchanges of electrons between chemical 
species.  This exchange of electrons affects the oxidation state 
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(valence) of the chemical species involved.  The carbon bonds in 
VOCs are broken as a result of chemical oxidation, and the VOCs 
are either completely destroyed or converted to smaller and 
typically less toxic compounds.  Permanganate is a well-known 
oxidant that can degrade chlorinated ethenes (e.g., PCE, TCE, cis-
DCE, and vinyl chloride) in the subsurface into carbon dioxide, 
water and inorganic chloride in a relatively short time period (half-
lives are on the order of minutes).  Permanganate is commercially 
available and generally used in the environmental field in two 
forms: potassium permanganate (KMnO4) and sodium 
permanganate (NaMnO4).  The appropriate form of permanganate 
would be selected during the remedial design phase based on 
dosing requirement and cost. 

 
A successful remediation using ISCO is heavily dependent on the 
ability to distribute the oxidant in the contaminated area, and on 
the ability to establish contact between the oxidant and target 
contaminants.  As is the case with other in situ treatment 
technologies, low soil permeability and heterogeneity can be 
problematic for ISCO systems; therefore, these conditions should 
be adequately understood and addressed during the design phase.  
An additional key parameter in ISCO design is the natural oxidant 
demand by the native soil, generally referred to as Soil Oxidant 
Demand (SOD).  SOD is a measure of oxidant consumed by 
naturally occurring organic carbon, certain minerals and other non-
contaminants present in the subsurface.  SOD in certain aquifers 
may be as high as 99 percent of the total oxidant demand, i.e., only 
one percent of the oxidant is effectively being used to destroy 
target contaminants. 

 
During the remedial design phase, bench-scale testing would be 
conducted to determine SOD and estimate the total mass of oxidant 
and number of potential applications required for each area 
targeted for remediation.  Data from treatability testing will help 
identify the design/application parameters for field pilot testing and 
full-scale implementation.  Field pilot testing is used to aid in the 
design and installation of an oxidant delivery system at the Site.  
Existing monitoring wells may be utilized for monitoring the 
progress of pilot testing.   

 
Oxidant would be added in Areas A and B by a series of injection 
wells placed at spacing and depth intervals as determined during 
the design phase.  Appropriate oxidant concentrations and dosing 
rate(s) would be determined based on the results of the laboratory 
treatability study and/or field pilot test.   
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In Situ Soil Mixing with Amendments 
In situ soil mixing (ISSM) has been used for a number of years in 
the construction industry, where cement grout is typically mixed 
with soil to create a foundation system or barrier wall.  The mixing 
is carried out by a crane-mounted, high-torque turntable that turns 
one or more special mixing augers into the soil.  In remediation 
applications, traditional drilling fluids are replaced with 
amendments to address contaminated soils and groundwater.  
ISSM uses large diameter augers ranging up to 13 feet in diameter 
to mix soils.  ISSM also has the capability to work under a 
removable hood to prevent fugitive dust and vapor emissions. 

 
Recent advances in the equipment and growing experience with 
the method have led to a wider range of soil mixing applications 
including soil mixing with slurries of zero-valent iron and clay1, 
with hydrogen peroxide, and with bacteria and substrate.  As the 
advances are recent, case studies and cost information are not as 
widely available as for ISCO and ERD.  Therefore, ISSM is not 
evaluated to a similar level of detail as ISCO and ERD. 

 
The proposed ISSM approach for the site includes addition of a 
mixture of ERD substrate and zero-valent iron to promote biotic 
and abiotic reduction of VOCs.  Large diameter augers will be 
used, and amendment slurry will be simultaneously added for soil 
mixing.  Various ERD substrates are discussed at the beginning of 
this section.  During the remedial design phase, bench-scale testing 
would be conducted to help identify appropriate amendments and 
ratios of ERD substrate and zero-valent iron.   

 
Combination of In Situ Enhanced Bioremediation, Chemical 
Oxidation and Soil Mixing 
A combination of ERD, ISCO and ISSM may provide cost-
effective remediation of Areas A and B.  One such combination 
may include the application of ISCO or ISSM in discrete areas that 
have elevated VOC concentrations (e.g., areas where residual 
VOCs may be located) to reduce a significant mass of contaminant 
in a relatively short time period.  ISCO or ISSM would be 
followed by ERD in the remaining areas for further reduction of 
VOC mass by native bacteria.  As mentioned in the ERD, ISCO 
and ISSM technology subsections, appropriate treatability/bench-

                                                 
1 Christopher Bozzini, P.E., and Tom Simpkin, Ph.D., P.E. (CH2M HILL); Tom Sale (Colorado State University); 
Daniel Hood, (NAVFAC Mid-Atlantic) and Bob Lowder, (Camp Lejeune EMD) “DNAPL Remediation at Camp 
Lejeune Using ZVI-Clay Soil Mixing.” 
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scale testing and field pilot testing during the remedial design 
phase will provide useful application design information.   

 
In the subsurface, permanganate can oxidize natural organic 
material to simpler substrates that are more readily available for 
microbial growth.  Total organic carbon, chemical oxygen demand, 
and biological oxygen demand have been found to increase in 
groundwater at some sites following treatment by permanganate.2,3  
Observed decreases in oxidation-reduction potential and dissolved 
oxygen levels following ISCO treatment suggests mobilization of 
organic carbon may be a residual effect from permanganate 
injection.  In light of the evidence showing natural attenuation of 
PCE and TCE by reductive dehalogenation at the Site, which 
requires the presence of organic carbon, this residual effect would 
have a positive impact. 

 
In addition to potential mobilization of naturally occurring organic 
material, another potential residual effect of permanganate 
oxidation is reductions in the populations of viable microorganisms 
for natural attenuation.  Potassium permanganate has been shown 
to be detrimental to anaerobic microbes, which generally lack the 
appropriate enzymes that protect against oxidation (aerobic 
bacteria usually exhibit some capacity to tolerate oxidants, 
although limited).4  This detrimental effect appears to be short 
lived, however, as some field data have shown significant rebound 
in anaerobic heterotrophs within a period of months after large 
reductions in viable biomass following chemical oxidation 
application.2,3  One study2 showed that permanganate 
concentrations below ~5,000 mg/L resulted in lower losses of 
microbes and more rapid re-establishment of baseline populations.  
Evaluation of the effectiveness of oxidant concentrations of 5,000 
mg/L or lower may be performed as part of the bench scale and/or 
pilot testing. 

 
Monitored Natural Attenuation 
MNA would be an integral component of this remedial alternative, 
and would be utilized to address portions of Areas A, B, and C 

                                                 
2 Rowland, M., G. Brubaker, K. Kohler, M. Westray, D. Morris.  “Effects of Potassium Permanganate on Subsurface 
Microbial Activity”, presented at Battelle In Situ and On-Site Bioremediation 6th International Symposium 
Symposium, San Diego, CA.  June 7, 2001. 
3 “In Situ Chemical Oxidation: Case Studies and Technical Advancements”, presented at Remediation Innovative 
Technology Seminar, Naval Facilities Engineering Service Center, presented by Battelle and Washington State 
University, Fall 2003. 
4 Waddell, J., G. Mayer. “Effects of Fenton’s Reagent and Potassium Permanganate Application on Indigenous 
Subsurface Microbiota: A Literature Review”.  Proceedings of the 2003 Georgia Water Resources Conference, April 
23-24, 2003, Athens, GA. 
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outside areas of active remediation, and within Areas A and B 
following active remediation.  Under MNA, the groundwater 
quality would be expected to return gradually over time to 
acceptable levels through natural attenuation processes.  
Monitoring would be conducted to document the effectiveness of 
the remedy in accordance with a monitoring plan. 

 
Natural attenuation relies on natural processes to achieve site-
specific remedial objectives, and may be selected as a remedy 
when it achieves the remedial objectives within a timeframe that is 
comparable to that offered by engineered alternatives.  The natural 
processes consist of a variety of physical, chemical or biological 
processes that act together to reduce the mass, toxicity, mobility, 
volume or concentration of contaminants in soil or groundwater.  
These processes include volatilization, dilution, sorption, 
biodegradation, dispersion, chemical or biological stabilization, 
transformation or abiotic degradation of contaminants.  Some 
natural attenuation processes may result in the creation of 
transformation products that are more toxic than the original 
parent.  For example, reductive dehalogenation transforms TCE to 
cis 1,2-DCE, which in turn degrades to vinyl chloride, which 
ultimately degrades to ethane and carbon dioxide.  Site data 
collected to date indicates that elevated concentrations of vinyl 
chloride are limited to the former Marshy Area adjacent to the 
landfill (W-03, W-05, W-32, W-04, and P-09).  Incomplete  
dehalogenation in anaerobic areas of the plume may result in 
increases in concentrations of vinyl chloride, which is more toxic 
than the parent compounds TCE and PCE.  However, as 
groundwater conditions become aerobic, vinyl chloride is degraded 
through biological oxidation. 

 
A decision to support natural attenuation as a remedy or as a 
component of an engineered remedy needs to be adequately 
supported with site-specific characterization data and analysis.  
Site characterization for natural attenuation requires a quantitative 
understanding of contaminant phase distribution; partitioning 
between soil, soil gas, and groundwater; contaminant migration 
rates and pathways; and rates of biological and non-biological 
transformation and an understanding of how these factors vary 
with time and are supported within the local geological formation.  
Screening analysis of historical groundwater data was performed 
using the Spring 2005 groundwater data, and the results of this 
screening are presented in Section 1 of this report. 
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   4.2.2.2 Alternative 2 Key Components 

As shown in Table 4-1, Alternative 2 would involve active 
groundwater remediation (ERD, ISCO, ISSM, or a combination) in 
some or all of Areas A and B, with MNA in Area C and portions of 
Areas A and B that would not be actively remediated.  The 
following are the key components of this Alternative as presented 
in Table 4-2. 

 
Pre-Design Subsurface Investigation, Treatability/Bench-Scale 
Studies, and Field Pilot Testing - Pre-design investigations would 
include sampling and analysis of soil and groundwater samples in 
portions of Areas A and B.  The soil and groundwater sampling 
results would refine target areas for active remediation, provide a 
basis for application design, and define baseline conditions prior to 
remedy implementation.  The investigation may include 
groundwater quality monitoring and MNA parameter monitoring.  
Groundwater collected from existing site monitoring wells and 
from temporary driven wells would be analyzed to delineate the 
extent of the active remediation areas and to determine the layout 
of injection and monitoring well networks.  As part of MNA 
parameter monitoring, physical and chemical parameters, such as 
soil organic carbon and moisture content, organic and inorganic 
compounds in groundwater, dissolved oxygen content and 
oxidation-reduction potential, would be acquired.  Pre-design 
investigation sampling would also be performed to collect 
representative samples for bench scale treatability testing of ERD, 
ISCO, ISSM, or a combination of these. 

 
As discussed in Section 4.2.2.1, appropriate treatability/bench-
scale testing and field pilot testing would be performed for ERD, 
ISSM (e.g., electron donor/amendment testing) and/or ISCO (e.g., 
SOD) and their respective injection/delivery systems.  The 
location, sizing and design of the injection well network for ERD 
and/or ISCO would be determined by the results of pilot/field 
testing.  Pilot/field testing may be performed separately, or as part 
of a phased implementation of full scale.  It is assumed that 
pilot/field testing will not be performed for ISSM because 
mobilization of heavy equipment is required for the 
implementation. 

 
Treatment System Design, Equipment Fabrication and Installation 
The primary considerations associated with design of an ISCO 
system include the mass of contaminants to be treated; type and 
quantity of oxidant needed for complete oxidation; design of an 
effective delivery/ distribution system; installation of a delivery or 
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injection system; and safety considerations.  The primary 
considerations associated with design of an ERD system include 
the area and concentrations of contaminants to be treated; the type, 
quantity and frequency of amendment injections needed; design of 
an effective delivery/distribution system; and installation of 
delivery or injection system.  Major design considerations for both 
systems include the type and size of injection wells; arrangement 
of plumbing and other infrastructure; method and schedule for 
addition of amendments; monitoring system equipment; and 
monitoring schedule.  Other considerations include the design of 
injection system components such as storage containers, pumps, 
mixers and flow meters, and maintenance of the integrity of the 
landfill cap at soil boring and well penetrations.  The primary 
considerations for ISSM design includes designing amendment 
slurry loading and developing an implementation plan for slurry 
preparation and soil mixing. 

 
Active Remedy Operation and Maintenance - Treatment system 
start-up would include activities to ensure that the system operates 
within the design parameters.  After start-up, routine operation and 
maintenance would be performed, in addition to monitoring of the 
system performance.   

 
Active Remedy Process Performance Monitoring - Two important 
aspects of the remedial action are monitoring of the treatment 
progress and evaluation of the results to confirm system 
effectiveness.  The existing monitoring well network would be 
used as much as possible; however, additional monitoring wells 
may be needed for appropriate remedial process monitoring in 
certain areas.  Evidence for treatment system performance includes 
distribution of amendments in Areas A and B (substrate and/or 
permanganate), observation of appropriate geochemical conditions 
(for ERD and ISSM), and temporal and spatial reductions in 
contaminant concentrations/mass.  The monitoring program would 
be designed to accomplish the following: 

 
• Demonstrate that groundwater VOC concentrations are being 

reduced as projected; 
• Identify any potentially toxic transformation products resulting 

from the remedy; 
• Ensure no impact to the downgradient receptors; 
• Detect changes in environmental conditions that may reduce 

the efficacy of the natural attenuation processes; and 
• Verify attainment of the remedial goals. 
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Process monitoring is done as a quality control measure before, 
during and immediately after the injection operation.  Process 
monitoring consists primarily of the following: 

 
• Confirmation of amendment (oxidant and/or electron donor) 

injection concentrations, volumes and flow rates; 
• Measurement of groundwater geochemistry in the area of 

treatment; 
• For ISCO, oxidant concentrations in groundwater samples and 

measurement of oxidant persistence; 
• For ERD and ISSM, measurement of the persistence of 

electron donor and confirmation of a viable microbial 
community. 

 
Predictive Modeling - Implementations of ERD and MNA include 
a comprehensive evaluation of historical and current site data, 
calculations of site-specific biodegradation rates and a comparison 
with literature values, and incorporating that data into a predictive 
model (e.g., Modflow with RT3D or comparable).  The model 
provides estimates of remediation timeframes based on various 
scenarios of electron donor dosing schemes.    

 
Institutional Controls - Under Alternative 2, existing institutional 
controls (Declaration of Restrictive Covenants and Groundwater 
Reclassification) prohibit the use of the land and groundwater 
within the groundwater reclassification boundary.  These 
institutional controls are considered adequate and no additional 
institutional controls are proposed. 

 
Long-Term Monitoring - Periodic (quarterly, semi-annual or 
annual) groundwater monitoring and chemical analysis would be 
conducted to monitor groundwater quality and MNA.  These data 
would be used to determine the need for additional action(s), and 
when the remedial goals have been achieved.  For an ISCO 
remedy, due to sorption and desorption equilibria, contaminant 
concentrations often rebound after initial treatment.  Therefore, 
monitoring would be conducted periodically after the completion 
of oxidant injection to evaluate the final level of treatment 
obtained.  Similarly, for ERD and ISSM, the persistence of 
electron donor and geochemical conditions would be monitored 
along with the level of treatment obtained. 

 
Five-Year Reviews – This alternative assumes that contaminants 
remain in the subsurface until remedial goals have been achieved 
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at the Site.  Accordingly, a review of site conditions and risks 
would be conducted every five years, as required by CERCLA. 

 
4.2.3 Alternative 3: Area A Containment Remedy, Barrier System at the 

Compliance Boundary, Area B In situ Remedy, ERD, ISCO, ISSM, or a 
Combination, and MNA in Area C  
 
Alternative 3 would include a barrier system at the landfill compliance 
boundary to control contaminant migration from Area A, active in situ 
remediation in Area B (using ERD, ISCO, ISSM, or a combination) and 
MNA in Area C.  Two barrier system technologies are considered under 
Alternative 3: 

 
• Groundwater collection trench with onsite treatment and onsite surface 

water discharge, and 
• Zero-valent iron permeable reactive barrier (PRB). 

 
As shown in Figure 4-3, the barrier systems would extend to the southeast 
toe of the cap area, and extend across the toe of slope swale to capture and 
treat all VOCs migrating from Area A.  The compliance boundary is 
located along the downgradient limit of the capped area, and arcs in the 
northeast direction along the swale in the capped area.  In the area of the 
swale where the cap has been installed, surface water is diverted to flow 
on top of the cap to avoid interaction with contaminated groundwater, and 
therefore there is no interaction between the clean surface water from the 
capped area and contaminated groundwater under the capped area.   

 
A barrier system parallel to the toe of slope swale (following the 
alignment of the compliance boundary) would require excavation of the 
existing cap, and would be parallel to the direction of groundwater flow 
beneath the cap, which is not an effective placement.  Therefore, an 
alternative barrier alignment that is effective and protective is proposed.  
Hydraulic evaluation and further justification of the alternate barrier 
system alignment is provided in Section 5 of this report.  The alternative 
alignment, as shown in Figure 4-3, would place the barrier system along 
the edge of the cap in the southeast corner, and subsequently extend the 
cap over the barrier system to prevent the clean surface water from the 
capped area from entering the barrier system.   

 
Pre-design studies will be conducted to determine whether a PRB would 
be more effective than a groundwater collection trench at the Site.  If a 
PRB is chosen for the landfill boundary barrier, a groundwater collection 
trench will remain as a contingency remedy if the PRB does not 
effectively treat the contaminated groundwater flowing from beneath the 
landfill.  Implementation of the contingency would occur if after 
adjustments to the PRB barrier (for example, widening the trench to allow 
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for more iron particles or other enhancements) the PRB is still not meeting 
its design goal of meeting drinking water standards in groundwater 
passing through the PRB. 

 
Active in situ remediation for Area B under this alternative includes the 
same technologies as those included in Alternative 2 (ERD, ISCO, ISSM, 
or a combination).  Both a groundwater collection trench and a PRB 
system will stop migration of VOCs from Area A, and isolate Area B from 
the source above the compliance boundary.  Implementation of active 
remediation in Area B will allow for the concentrations of contaminants 
downgradient of the compliance boundary to be reduced in a relatively 
short period of time.   

 
MNA is the only remedy for Area C.  In addition to stopping migration of 
VOCs from the Area A source, treated groundwater flowing from the 
remediated Area B will increase natural attenuation in Area C by dilution 
and flushing with treated groundwater.   

 
The following subsections briefly describe each of the remedial 
technologies, the potential implementation approach(s) and key 
components of this Alternative. 

 
4.2.3.1 Alternative 3 Remedial Technologies 

This subsection provides discussion of the two barrier-type 
technologies evaluated under Alternative 3: groundwater collection 
trench and PRB.  Detailed discussions of the active in situ 
remediation technologies (ERD, ISCO, ISSM, or a combination), 
and MNA are provided in Section 4.2.2.1.   

 
Groundwater Collection Trench  
Approximately 200 feet of collection trench would be excavated at 
the compliance boundary (as shown in Figure 4-3) and would be 
tied into the lodgement till.  The trench would be backfilled with a 
permeable gravel/sand material to capture contaminated 
groundwater flowing from Area A.  Contaminated groundwater 
would be collected by pumping from wells and/or sumps installed 
within the permeable backfill.  The details of the trench design, 
piping, pumps, etc., will be determined during the design phase.  
Pumping of contaminated groundwater from the trench will 
establish a hydraulic barrier to contaminant migration from Area 
A.  Further, pumping water from the trench is expected to capture 
contaminated groundwater from a portion of Area B, and reduce 
the hydraulic gradient resulting in reduced migration of 
contaminants from Area B to Area C.   
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The collected groundwater would be treated ex situ by an air 
stripper and/or activated carbon in an on-site treatment system.  
The system would be designed to function for the appropriate flow 
rate and expected contaminant concentrations.  Effluent from the 
groundwater treatment plant would be discharged to an appropriate 
on-site surface water location.  The substantive requirements of a 
National Pollutant Discharge Elimination System (NPDES) permit 
would have to be met to discharge the treated groundwater.  
Similarly, the need to meet substantive requirements for the air 
discharge would be evaluated based on expected concentrations 
and mass in the discharge.  

 
The collection trench would be oriented perpendicular to 
groundwater flow, potentially following an alignment similar that 
depicted in Figure 4-3.  The east end of the alternate alignment 
may extend across the Toe of Slope Swale near the south end of 
the landfill cap.  The section of swale crossing the trench would be 
lined to hydraulically isolate the trench from the swale. 

 
Zero-Valent Iron Permeable Reactive Barrier 
Approximately 200 feet of trench would be excavated at the 
compliance boundary (as shown in Figure 4-3), and would be tied 
into the lodgement till.  The trench would be backfilled with 
permeable zero-valent iron reactive media mixed with gravel/sand 
material.  The zero-valent iron media would treat VOCs in the 
groundwater and allow the passage of groundwater downgradient 
of the trench, effectively restricting migration of the contaminants 
from Area A.  The thickness of the PRB trench will be determined 
during the design phase and would be based on factors such as the 
expected contaminant concentrations, groundwater flux and 
contact time required to degrade the contaminants to acceptable 
levels.  Further, treated water from the PRB is expected to increase 
the natural attenuation of contaminants in Areas B and C by 
dilution and flushing with reduced groundwater.  Similar to the 
collection trench, the PRB may extend across the Toe of Slope 
Swale near the south end of the landfill cap; the swale would be 
hydraulically isolated from the PRB using a liner.   

 
4.2.3.2 Alternative 3 Key Components 

As shown in Table 4-1, Alternative 3 would provide a barrier 
system at the landfill compliance boundary to control contaminant 
migration from Area A.  Active remediation through ERD, ISCO, 
ISSM, or a combination would treat contaminants in Area B, while 
MNA would address Area C.  The key components of Alternative 
3 are presented in Table 4-2.  The following are the key 
components of the barrier system and the monitoring process for 
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evaluating MNA in Area C.  The key components of the active 
remediation technologies, ERD, ISCO and ISSM, are the same as 
those presented in Section 4.2.2.2.    

 
Pre-Design Investigation, Groundwater Modeling and Treatability 
Study - A significant amount of hydrogeologic investigation data 
has been collected to date, and a detailed groundwater/surface 
water transport model has been developed for the Site.  Therefore, 
additional hydrogeologic investigations may not be required for the 
hydraulic design of the collection trench or PRB.  However, some 
additional refinement of the existing groundwater flow model in 
the area of the barrier systems may be necessary for hydraulic 
design purposes.  PRB treatment design would require performing 
a laboratory treatability study to develop a site-specific media 
design for treatment of site groundwater. 

 
Influent groundwater characteristics would be determined by 
sampling existing monitoring wells near the proposed barrier 
system location for the design of the ex situ groundwater treatment 
system and reactive media design for PRB.  Groundwater collected 
from site monitoring wells or comparable sample locations would 
also be analyzed to better delineate the extent of contamination and 
confirm placement of the collection trench and PRB such that it 
intersects the necessary groundwater flow paths. 

 
System Design, Equipment Fabrication and Installation - The 
barrier (collection trench or PRB) system would be installed to the 
bottom of the overburden aquifer (bottom of ablation till, 
approximately 20 to 25 feet below ground surface) at the 
compliance boundary to capture the VOC contaminant plume.  The 
thickness of the PRB would be determined based on the pre-design 
investigations and treatability study results.  In the collection 
trench system, extracted groundwater would be pumped to a 
groundwater treatment system.  The actual pumping rate and 
number and location of extraction sumps/wells would be 
determined based on the groundwater modeling results and field 
testing after construction. 

 
System Operation and Maintenance - The groundwater collection 
system O&M would include labor and equipment operation and 
periodic maintenance.  PRB system maintenance may require 
periodic flushing and/or replacement of the reactive media.  As the 
volume of residual contamination within the landfill is unknown, it 
is expected that the reactive media will need to be replaced several 
times before ICLs are met and sustained downgradient of the 
compliance boundary.  
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On-site Groundwater Treatment System - Extracted groundwater 
from the collection trench would be treated ex situ in an on-site 
plant.  For the purpose of this FFS, it is assumed that the 
groundwater treatment system would consist of an air stripper.  A 
liquid phase activated carbon treatment unit may also be installed 
for final polishing of VOCs to attain the required discharge limits.  
Air stripping and activated carbon are widely used and effective 
technologies for the removal of VOCs from groundwater.  If 
necessary, to prevent fouling of the air stripper or to meet 
discharge requirements, pre-treatment of the groundwater for 
removal of metals and suspended solids would be conducted.  Pre-
treatment may include sedimentation and filtration.  Effluent from 
the air stripper may require treatment to remove VOCs prior to 
discharge to the atmosphere.  If necessary, activated carbon would 
be used to remove VOCs from the air stream.  The final system 
design would be determined based on chemical characterization of 
groundwater during the pre-design investigation phase.  A typical 
process flow diagram of the proposed treatment process is 
presented on Figure 4-4. 

 
Monitoring of Treatment System Performance - The performance 
of the collection trench and PRB would be assessed regularly 
(monthly, quarterly and/or annually) by sampling and analysis of a 
network of groundwater monitoring wells located up- and 
downgradient of the barrier system.  Groundwater elevation 
gauging would be performed to confirm capture of contaminated 
groundwater by the barrier system.  Performance of the ex situ 
groundwater treatment system, a part of the collection trench 
system, would be monitored by sampling system influent and 
effluent, and monitoring general system conditions.  The treated 
effluent would be tested per the NPDES substantive requirements 
to demonstrate that it meets the discharge criteria, including the 
Performance Levels. 

 
Institutional Controls - Under Alternative 3, existing institutional 
controls (Declaration of Restrictive Covenants and Groundwater 
Reclassification) prohibit the use of the land and groundwater 
within the groundwater reclassification boundary.  These 
institutional controls are considered adequate and no additional 
institutional controls are proposed. 

 
Long-Term Monitoring - Periodic groundwater monitoring and 
chemical analysis would be conducted to confirm the effectiveness 
of the remedial action.  The data would be used to determine the 
progress of MNA and when remediation goals have been achieved.  
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A monitoring plan would be implemented during the design phase 
and continue during O&M of the barrier system.  Data collected 
during this period would be evaluated to determine the 
effectiveness of MNA in addressing Area C, and MNA in Area B 
after active in situ remediation.   

 
Five-Year Reviews - This alternative assumes that contaminants 
remain in the subsurface upgradient of the landfill compliance 
boundary.  Accordingly, a review of site conditions and risks 
would be conducted every five years, as required by CERCLA. 

 
4.2.4 Alternative 4: Area A and B Containment Remedy, Barrier System At 

the Compliance Boundary, a Second Barrier System for Area B 
Containment and MNA in Area C (Potential Optimization Remedy: Area 
B In situ Remedy, ERD, ISCO, ISSM, or a Combination) 
 
Alternative 4 would include a barrier system at the landfill compliance 
boundary and a second barrier system in Area B to control contaminant 
migration from Areas A and B, respectively.  Additionally, the action of 
clean groundwater passing through the first barrier system at the 
compliance boundary will serve over time to flush the contaminated 
groundwater remaining in Area B through the second barrier system, and 
ultimately restore groundwater in Area B.  MNA would address Area C.  
Technologies considered for the two barrier system under Alternative 4 
are the same as those considered under Alternative 3: a groundwater 
collection trench with onsite treatment and on-site surface water discharge, 
and a zero-valent iron PRB.  A potential optimization remedy included in 
Alternative 4 is active in situ remediation of Area B with the same 
technologies as those considered under Alternatives 2 and 3, ERD, ISCO, 
ISSM, or a combination. 

 
As shown in Figure 4-5 and discussed under Alternative 3, the layout of 
the barrier at the compliance boundary would extend to the southeast toe 
of the capped area, and extend across the Toe of Slope Swale to capture 
and treat all VOCs migrating from Area A.  Figure 4-5 also shows an 
approximate location for the second barrier system.  The purpose of the 
second barrier system is to capture and treat VOCs that would otherwise 
migrate from Area B so that the Area C contamination can naturally 
attenuate.  The section of the toe of slope swale between the two barrier 
systems will be lined to prevent potential interaction between 
contaminated groundwater and the clean surface water from the capped 
area. 

 
Two groundwater collection trenches (one operating at the compliance 
boundary and the other in Area B) will capture contaminated groundwater 
and provide containment of Areas A and B, and reduce hydraulic gradients 
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in Area C resulting in reduced migration of contaminants.  Similarly, two 
PRBs (one at the compliance boundary and the other in Area B) will limit 
migration of VOCs from the source in Area A and elevated groundwater 
VOCs concentrations in Area B.  Further, treated groundwater flowing 
downgradient from PRBs will increase natural attenuation in Area C by 
dilution and flushing with reduced groundwater.   

 
Pre-design studies will be conducted to determine whether a PRB would 
be more effective than a groundwater collection trench at the Site.  If a 
PRB is chosen for the landfill boundary barrier, a groundwater collection 
trench will remain as a contingency remedy if the PRB does not 
effectively treat the contaminated groundwater flowing from beneath the 
landfill.  Implementation of the contingency would occur if after 
adjustments to the PRB barrier (for example, widening the trench to allow 
for more iron particles or other enhancements) the PRB is not meeting its 
design goal of meeting drinking water standards in groundwater passing 
through the PRB. 

 
Active in situ remediation of Area B is included as a remedy optimization 
element of Alternative 4.  The optimization remedy may be implemented 
in the event that the estimated cleanup timeframe for Area B between the 
two PRBs exceeds the expected zero-valent iron lifespan in the 
downgradient PRB.  The goal of remedy optimization would be to avoid 
replacing the iron in the downgradient PRB or if the estimated cleanup 
timeframe for Area B will not be met.  The estimated cleanup timeframe 
calculations for Area B in Alternative 4 are included under the detailed 
analysis of the alternative in Section 5.  The cleanup timeframe estimates 
will be revised after the completion of the pre-design investigations, and 
re-evaluated as a part of the five year reviews until the Area B remedial 
goals are achieved.  If the remedy optimization is implemented, the design 
and implementation of an active remedy in Area B will be consistent with 
the active remedy discussions in Sections 4.2.2 and 4.2.3, Alternatives 2 
and 3, respectively. 

 
MNA is the proposed remedy for Area C because with the containment of 
VOCs by the two barrier systems, RAOs in Area C can be achieved by 
MNA within a timeframe comparable to an engineering remedy.  Both the 
groundwater collection trench and PRB system will stop migration of 
VOCs from Areas A and B, and isolate Area C from the contaminant 
sources.  The following subsections briefly describe the remedial 
technologies, the potential implementation approach(s) and key 
components of this Alternative. 

 
4.2.4.1 Alternative 4 Remedial Technologies 

Remedial technologies considered in Alternative 4 are two barrier-
type technologies (groundwater collection trench and PRB) and 
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MNA.  Detailed discussions of the two barrier-type technologies 
are provided in Section 4.2.3.1.  Further, a detailed discussion of 
MNA for Area C is provided in Section 4.2.2.1.   

 
4.2.4.2 Alternative 4 Key Components 

As shown in Table 4-1, Alternative 4 would provide two barrier 
systems to control contaminant migration from Areas A and B: one 
at the compliance boundary, and the second in Area B.  MNA 
would address Area C.  The optimization remedy for Alternative 4 
includes active in situ remediation of Area B.  The key components 
of the barrier systems, the monitoring process for MNA and active 
remedy in Area B are the same as those described in 4.2.2.2 and 
4.2.3.2, and are presented in Table 4-2.   

 
Pre-Design Investigation, Groundwater Modeling and Treatability 
Study – In addition to the pre-design investigations, modeling, and 
treatability study already described for the barrier system at the 
compliance boundary (Alternative 3), pre-design investigations 
would be done to determine the exact location of the second barrier 
system. 

 
System Design, Equipment Fabrication and Installation – These 
components are the same as those described in Alternative 3.  

 
System Operation and Maintenance - The groundwater collection 
system O&M would include labor and equipment operation and 
periodic maintenance.  PRB system maintenance may require 
periodic flushing and/or replacement of the reactive media.  As the 
volume of residual contamination within the landfill is unknown, it 
is expected that the reactive media will need to be replaced several 
times at the compliance boundary before ICLs are met and 
sustained in Area A.  Remedy optimization in Area B may be 
implemented to avoid media replacement in the Area B barrier 
system or if the estimated cleanup timeframe for Area B will not 
be met.     

 
Onsite Groundwater Treatment System – With two barrier 
systems, the ex situ treatment system described for Alternative 3 
would need to be adjusted to process the additional volume of 
water pumped from the second barrier system and this adjustment 
would be made in the design.  The other aspects of this component 
are the same as described for Alternative 3. 

 
Monitoring of Treatment System Performance – This component is 
the same as described for Alternative 3.  
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Institutional Controls - This component is the same as described 
for Alternative 3. 

 
Long-Term Monitoring - This component is the same as described 
for Alternative 3. 

 
Five-Year Reviews - This component is the same as described for 

 Alternative 3. 
 

4.2.5 Alternative 5: Area A Containment Remedy, PRB Barrier System at the 
Compliance Boundary, Area B Excavation, and MNA in Area C 
 
Alternative 5 would include a PRB barrier system at the landfill 
compliance boundary, excavation of the saturated soils in Area B, and 
MNA in Area C.  The barrier system would control contamination 
migration from Area A.  The excavation and either treatment or removal 
of the saturated soils in Area B would quickly remove the elevated 
groundwater VOC concentrations and associated mass partitioned onto the 
soils that have migrated beyond the landfill compliance boundary.  
Aeration of groundwater due to excavation may reduce the natural 
biological degradation of the VOCs in Area C; however, the positive 
effects of dilution and flushing with less impacted groundwater from Area 
B are expected to increase.   

 
As shown in Figure 4-6 and discussed under Alternatives 3 and 4, the 
layout of the PRB barrier at the compliance boundary would extend to the 
southeast toe of the capped area, and extend across the Toe of Slope Swale 
to capture and treat all VOCs migrating from Area A.  The PRB 
technology for the barrier system for this alternative is the same as that 
described under Alternative 3.  The overburden (unsaturated) soils in Area 
B would be excavated, sampled and stockpiled so that they can be 
returned into the excavated area.  The saturated soils in Area B would be 
excavated to remove the elevated groundwater VOC concentrations and 
associated mass partitioned onto the soils beyond the landfill compliance 
boundary.  The PRB barrier system will be installed after the excavation in 
Area B to prevent potential structural damage to the PRB due to 
excavation.   

 
The excavation would extend to the bottom of the overburden aquifer 
(bottom of ablation till, approximately 20 to 25 feet belowground surface).  
The excavated soils would be allowed to drain to reduce moisture.  Off-
site disposal of the excavated soil is assumed; however, on-site treatment 
using thermal treatment technology may be evaluated during pre-design 
investigations based on the level of contamination detected in Area B 
soils.  Further, dewatering of the excavation would be necessary, and 



   

 Focused Feasibility Study Report, July 2011  4-21                                                                     Burgess Brothers Superfund Site 
 

because of the high groundwater concentrations detected in Area B, the 
water generated during the dewatering process and draining of the 
excavated soils would need to be appropriately handled and disposed.  
Similar to the handling of the excavated soils, off-site disposal of the 
water to a waste water treatment plant is assumed.  Area B would then be 
backfilled with clean fill.   

 
MNA is the proposed remedy for Area C.  Excavation in Area B will 
remove the impacted soil and groundwater, and clean groundwater 
flowing from Area A and the remediated Area B will increase natural 
attenuation in Area C by dilution and flushing with treated groundwater.  
However, backfilling of Area B with homogenized material may alter 
groundwater flow through Area B, which in turn may affect groundwater 
flow in Area C.  The effects of post-excavation conditions in Area B on 
groundwater flow and MNA processes in Area C will require evaluation 
during the remedial design for Alternative 5.   

 
The following subsections briefly describe the remedial technologies, the 
potential implementation approach and key components of this alternative. 

 
4.2.5.1 Alternative 5 Remedial Technologies 

Remedial technologies considered in Alternative 5 are PRB, 
excavation, and MNA.  Detailed discussion of the PRB technology 
is provided in Section 4.2.3.1 and a detailed discussion of MNA is 
provided in Section 4.2.2.1.   

 
Subsurface soil in Area B will be excavated using heavy 
construction equipment.  Soil excavation will be performed in 
discreet areas to minimize the volume of groundwater seeping into 
the excavation, and to minimize adverse effects on the Toe of 
Slope Swale and Unnamed Stream.  Sheet piling would be placed 
upgradient from the excavation and on the perimeter of the 
excavation, if necessary.  The excavated soil will be transported to 
a stockpile area for dewatering, and characterization sampling 
prior to loading and transportation for off-site treatment and 
disposal.  The excavated section will be backfilled with clean 
borrow source material prior to excavation of another area.   

 
Water generated during dewatering of the excavation will be 
collected and pumped to a collection tank near the stockpile area.  
Water in stockpiled soil will be allowed to drain to an underdrain 
system and will also be pumped to the collection tank.  The water 
from the collection tank will be transported to an off-site facility 
for treatment and disposal. 
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4.2.5.2 Alternative 5 Key Components 
The key components of PRB and MNA are provided in Sections 
4.2.3.2 and 4.2.2.2.  The following are the key components for 
excavation and off-site disposal. 

 
Pre-design Investigation – For comparison purposes, the limit of 
saturated soil excavation in Area B is assumed to be the same as 
Area B for active in situ remediation in Alternative 3.  Soil and 
groundwater samples will be collected.  Groundwater collected 
from existing site monitoring wells and from temporary driven 
wells would be analyzed to determine the extent of the excavation. 

 
Engineering Design - The engineering design will include 
development of a soil excavation plan that will outline the 
sequencing of the excavation events, material handling, dewatering 
of the excavated soil, and off-site disposal. 

 
Excavation and Dewatering – Clean unsaturated soils will be 
removed from the excavation area and stockpiled for re-use in the 
excavated area.  Saturated zone soils will be excavated and staged 
on-site to allow drainage of groundwater.  Groundwater seeping 
into the excavation will be collected and pumped to a collection 
tank near the stockpile area for settling.  Water in stockpiled soil 
will be allowed to drain to an underdrain system and will also be 
pumped to the collection tank.  The water will be transported to a 
wastewater treatment facility for treatment and disposal. 

 
Soil Characterization Sampling - Soil characterization sampling 
will be performed at the soil stockpile area to characterize the 
concentration of site-related contaminants in excavated soil and 
assess the appropriate off-site treatment/disposal method.  
Confirmation sampling within the excavation will not be necessary 
because the excavation area will be delineated based on 
groundwater VOC concentrations.  

 
Off-site Treatment and Disposal of Contaminated Soil - Following 
characterization, soil will be loaded into dump trucks and 
transported off-site for treatment and disposal at an approved and 
permitted facility. 

 
Site Restoration - Following backfilling and compacting of the 
Site, an approximate 6-inch layer of topsoil will be placed on the 
footprint of the excavation.  The Site will be seeded and mulched, 
where appropriate, to restore the Site to its pre-excavation 
condition.  
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Institutional Controls - Under Alternative 5, existing institutional 
controls (Declaration of Restrictive Covenants and Groundwater 
Reclassification) prohibit the use of the land and groundwater 
within the groundwater reclassification boundary.  These 
institutional controls are considered adequate and no additional 
institutional controls are proposed. 

 
Long-Term Monitoring - Periodic groundwater monitoring and 
chemical analysis would be conducted to confirm the effectiveness 
of the remedial action.  The data would be used to determine the 
progress of MNA and when remediation goals have been achieved.  
A monitoring plan would be implemented during the design phase 
and continue during O&M of the barrier systems.     

 
Five-Year Reviews - This alternative assumes that contaminants 
remain in the subsurface upgradient of the landfill compliance 
boundary.  Accordingly, a review of site conditions and risks 
would be conducted every five years, as required by CERCLA. 

 
4.3 SCREENING OF REMEDIAL ALTERNATIVES 

 
4.3.1 Screening Criteria for Remedial Alternatives 

In the screening process, alternatives were evaluated generally with regard 
to effectiveness, implementability, and cost.  The purpose of the 
evaluation is to control the number of alternatives that will undergo a 
rigorous analysis so that the detailed evaluation in Section 5 focuses on the 
most plausible array of remedial alternatives.  If possible, the alternatives 
carried forward for detailed evaluation should include the full range of 
alternatives recommended in the NCP and EPA RI/FS Guidance: no 
action, treatment, and containment.  

 
The screening of remedial alternatives utilizes three criteria: effectiveness, 
implementability, and relative cost.  Brief definitions of effectiveness, 
implementability, and relative cost, as they apply to the screening process, 
follow: 

 
Effectiveness - This criterion focuses on the potential effectiveness of 
process options in handling the estimated volume of media and meeting 
the remediation goals; reduction of toxicity, mobility or volume of 
contaminants; the overall protectiveness of human health and the 
environment during construction and implementation; and how proven and 
reliable the process is with respect to the contaminants and conditions at 
the Site. 

  
Implementability - The implementability evaluation encompasses both the 
technical and institutional feasibility of implementing an alternative.  
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Technical implementability was used in developing general response 
actions as an initial screen of technology types and process options, to 
eliminate those that are clearly ineffective or unworkable at a site.  
Therefore, this subsequent and more detailed evaluation of process options 
places greater emphasis on the institutional aspects of implementability, 
such as the ability to obtain permits; availability of treatment, storage, and 
disposal services; and availability of necessary equipment and resources. 

  
Cost - Cost plays a limited role in this screening.  The cost analysis is 
based on engineering judgment, and each process is evaluated as to 
whether costs are high, medium, or low relative to the other options in the 
same technology type.  If there is only one process option, costs are 
compared to other candidate technologies. 

 
4.3.2 Screening Results 

The complete results of the alternatives screening evaluation for site 
groundwater (and by extension, surface water) are presented in Table 4-3.  
The table provides advantages and disadvantages of each remedial 
alternative and process option with respect to the three criteria: 
effectiveness, implementability and cost.  The alternative screening 
process for site groundwater resulted in all five remedial alternatives being 
retained for further evaluation to preserve a full range of representative 
and plausible remedial actions.   

 
Alternative 1 (No Further Additional Action) is retained to provide a 
baseline.  Operation of the SVE, monitoring and five-year reviews would 
continue and existing institutional controls would remain in effect.  
Alternative 2 (In situ Remedy in Areas A and B, and MNA in Area C) is 
retained because it has the potential to remediate the entire site.  
Alternative 3 (Area A Containment, In situ Remedy in Area B, and MNA 
in Area C) is retained because it has the potential to remediate site 
groundwater and provide adequate protection of human health and the 
environment over the long-term, with containment of Area A.  Alternative 
4 (Area A and Area B Containment and MNA in Area C, with potential 
remedy optimization in Area B) is retained because it would rely on 
containment to prevent contaminant migration from Area B and thereby 
provide greater certainty in the protection of human health and the 
environment over the long-term.  Alternative 5 (Area A Containment, 
Excavation of Area B, and MNA in Area C) is retained because it would 
contain the Area A contaminant source, and remove elevated 
concentrations beyond the compliance boundary by excavating Area B.   
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5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 
5.1 EVALUATION CRITERIA 

The remedial alternatives retained from the screening in Section 4.0 are subject to 
detailed analysis in this section in accordance with CERCLA, the NCP and EPA 
guidance.  The following is a list of criteria for detailed analysis of the retained 
alternatives in this FFS: 

 
• Overall protection of human health and the environment; 
• Compliance with ARARs; 
• Long-term effectiveness and permanence; 
• Reduction of toxicity, mobility, or volume through treatment; 
• Short-term effectiveness; 
• Implementability; 
• Cost; 
• State acceptance; and 
• Community acceptance5. 

 
The following is a brief general discussion of the evaluation criteria.   

 
Overall Protection of Human Health and the Environment 
Alternatives must be assessed for adequate protection of human health and the 
environment.  Overall protection draws on the assessments of other evaluation 
criteria, especially long-term effectiveness and permanence, short-term 
effectiveness and compliance with ARARs.  The evaluation focuses on whether a 
specific alternative achieves adequate protection; and how risks are eliminated, 
reduced, or controlled. 

 
Compliance with ARARs  
Alternatives must be assessed to determine whether they attain ARARs under 
federal and state environmental laws.  The analysis here will summarize the 
ARARs for each alternative and describe how the alternative meets these 
requirements.  Where an ARAR would not be met, and it is contemplated that a 
waiver would be appropriate, the basis justifying one of the six waivers allowed 
under CERCLA will be discussed. 

 
Long-Term Effectiveness and Permanence 
Alternatives must be assessed for the long-term effectiveness and permanence 
they offer, along with the degree of certainty that the alternative will achieve the 
performance standards.  Factors that will be considered include: 

 
• Magnitude of Residual Risk - Assesses the risk posed by untreated waste or 

treatment residuals at the conclusion of the remedial activities.  The 
characteristics of residuals should be considered to the degree that they remain 

                                                 
5 State acceptance and community acceptance are evaluated in the Record of Decision 
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hazardous, taking into account their volume, toxicity, mobility, and propensity 
to bioaccumulate. 

• Adequacy and Reliability of Controls - Assesses controls such as containment 
systems and institutional controls that are necessary to manage treatment 
residuals or remaining untreated wastes and their reliability.  It may include an 
assessment of containment systems and institutional controls to determine if 
they are sufficient to ensure that any exposure to human and environmental 
receptors is within protective levels.  This factor also addresses the long-term 
reliability of management controls for providing continued protection from 
residuals.  It includes the assessment of the potential need to replace technical 
components of the alternative, and the potential exposure pathway and the 
risks posed should the remedial action need replacement. 

 
Reduction of Toxicity, Mobility, or Volume through Treatment 
The degree to which the alternative employs recycling or treatment that 
reduces the toxicity, mobility, or volume will be assessed, including how 
treatment is used to address the principal threats posed by the site.  Factors 
that are considered include: 

 
• The treatment processes that the alternative employs, the media they 

would treat, and threats addressed; 
• The amount of hazardous substances, pollutants, or contaminants that will 

be destroyed, treated, or recycled; 
• The degree of expected reduction in toxicity, mobility, or volume as a 

result of treatment; 
• The degree to which the treatment is irreversible; 
• The type and quantity of residuals that would remain following treatment, 

considering the persistence, toxicity, mobility, and bioaccumulation 
capacity of the contaminants of concern and impacted media; and 

• The degree to which treatment reduces the inherent hazards posed by 
principal threats at the site. 

 
Short-Term Effectiveness 
The assessment of short-term effectiveness during construction or 
implementation until the RAOs are met includes consideration of the 
following factors: 

 
• Short-term risks that might be posed to the community during 

implementation; 
• Potential impacts to and protection of the workers during remedial actions; 
• Potential adverse environmental impacts of the remedial action and the 

effectiveness and reliability of available mitigative measures during 
implementation; and 
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• Estimated time until RAOs are achieved. 
 

Implementability 
The ease or difficulty of implementing the alternatives will be assessed by 
considering the following types of factors, as appropriate: 

 
• Technical feasibility, including technical difficulties and unknowns 

associated with the construction and operation of a technology, the 
reliability of the technology, ease of undertaking additional remedial 
actions, and the ability to monitor the effectiveness of the remedy; 

• Administrative feasibility, including activities needed to coordinate with 
other offices and agencies and the ability and time required to obtain any 
necessary approvals and permits from other agencies (for off-site actions); 
and 

• Availability of services and materials, including the availability of 
adequate off-site treatment, storage capacity, disposal capacity and 
services, the availability of necessary equipment and specialists, 
provisions to ensure any necessary additional resources, and availability of 
prospective technologies. 

 
Cost 
For the detailed cost analysis of alternatives, both capital costs and annual 
operation and maintenance (O&M) costs are estimated and evaluated.  Given 
these values, a present-worth calculation for each alternative can be made for 
comparison.  Capital costs consist of direct and indirect costs.  Direct costs 
include the cost of construction, equipment, land and site development, 
treatment, transportation, and disposal.  Indirect costs include engineering 
expenses, license or permit costs, and contingency allowances.  Annual O&M 
costs are the post-construction costs required to ensure the continued 
effectiveness of the remedial action.  Components of annual O&M cost 
include the cost of operating labor, maintenance materials and labor, auxiliary 
materials and energy, residue disposal, purchased services, administration, 
insurance, taxes, licensing, maintenance reserve and contingency funds, 
rehabilitation, monitoring, and periodic site reviews.   

 
Expenditures that occur over different time periods were analyzed using 
present worth, which discounts all future costs to a common base year.  
Present-worth analysis allows the cost of remedial action alternatives to be 
compared based on a single figure representing the amount of money that, if 
invested in the base year and disbursed as needed, would be sufficient to cover 
all costs associated with the life of the remedial project.  Assumptions 
associated with the present-worth calculations include a discount rate of 7 
percent before taxes and without inflation, cost estimates in the planning years 
in constant dollars, and a period of performance that would vary depending on 
the activity, but would generally not exceed 30 years.  The cost estimates for 
this section are provided to an accuracy of +50 percent to -30 percent.  The 
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alternative cost estimates are in current fiscal year dollars as indicated and are 
based on conceptual designs developed from information available at the time 
of this study.   

 
The actual cost of each alternative would depend on the final scope and design 
of the selected remedial action, the schedule of implementation, competitive 
market conditions, and other variables.  Most of these factors are not expected 
to affect the relative cost differences between alternatives.  The effects of 
variations in assumptions associated with each alternative were evaluated, 
focusing on factors that can significantly change the overall costs of an 
alternative, such as the number of injection points, and timeframes for 
containment alternatives.  None of the evaluated factors significantly altered 
the relative costs of the alternatives; therefore, detailed sensitivity analyses 
were not performed.  

 
In 1988, EPA published guidance for developing and documenting remedial 
alternative cost estimates during the FS as part of Guidance for Conducting 
Remedial Investigations and Feasibility Studies under CERCLA.  Since that 
document was published, remedial alternative cost estimates prepared during 
feasibility studies generally have followed this basic guidance, but have 
typically varied in approach and content.  Additionally, the number of 
available cost estimating resources has increased during this time.  To take 
advantage of lessons learned and help improve the consistency, completeness, 
and accuracy of remedy cost estimates during the FS, in 2000 EPA prepared A 
Guide to Developing and Documenting Cost Estimates During the Feasibility 
Study to update and clarify the previous guidance in this policy area.  

 
Because the period of performance necessary to achieve the RAOs at the Site 
is expected to be significantly longer than the 30 years, additional present-
worth estimates have been developed using the 2000 guidance for all of the 
alternatives assuming an operating duration of 100 years. 

 
State Acceptance 
VtDEC acceptance criteria are not detailed in this report.  However, VtDEC 
has been providing and will continue to provide input during the FFS and 
public comment period.  VtDEC concerns will be evaluated after the state has 
reviewed and commented on the FFS.  State concerns may be discussed, to the 
extent possible, in the Proposed Plan and will be addressed in the ROD 
amendment. 

 
Community Acceptance 
This assessment evaluates the issues and concerns the public may have 
regarding each of the  alternatives under consideration.  As with State 
acceptance, this criterion will be addressed in the ROD amendment after the 
public comment on the FFS and Proposed Plan have been received.  
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Detailed analyses of the remedial alternatives using the first seven evaluation 
criteria and a comparative analysis of the remedial alternatives are presented 
in the following subsections.   

 
5.2 DETAILED ANALYSIS 
 

5.2.1 Alternative 1: No Further Additional Action 
 

5.2.1.1 Description 
The activities proposed under the No Further Additional Action 
alternative include continued environmental monitoring to evaluate 
contaminant migration and a review of site conditions and risks 
every five years.  Under this alternative, natural attenuation by 
natural biological and chemical degradation, dispersion, and 
adsorption would continue and reduce the concentrations of 
contaminants in groundwater.  Operation of the SVE system would 
continue as appropriate to achieve its intended objectives.  No 
additional remedial actions would be undertaken.   

 
The No Further Additional Action alternative includes continued 
monitoring of groundwater and surface water to accomplish the 
following: 

 
• Evaluate groundwater and surface water quality with respect to 

ICLs and Performance Levels; 
• Confirm that the downgradient extent of VOCs in groundwater 

and surface water is not increasing; 
• Document that the VOC plume is moving towards equilibrium; 

and 
• Provide additional information regarding groundwater 

conditions prior to making any conclusions regarding future 
actions. 

 
Additional evaluation would be performed during five-year 
reviews.  Existing institutional controls (Declaration of Restrictive 
Covenants and Groundwater Reclassification) prohibit the use of 
the land and groundwater within the area containing the VOC 
plume.  Current institutional controls are considered adequate and 
no additional institutional controls are proposed.  

 
5.2.1.2 Evaluation  

The detailed analysis of the No Further Additional Action 
alternative against the seven NCP evaluation criteria is presented 
below and in Table 5-1. 
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Overall protection of human health and the environment 
Protection of human health would continue with existing 
institutional controls (Declaration of Restrictive Covenants and 
Groundwater Reclassification).  These institutional controls would 
continue to prohibit groundwater use at the site until remedial 
goals are met, and are protective of human health, but not of 
environmental receptors.   

 
The VOC plume remains defined and is within the limit of the 
Groundwater Reclassification boundary that prohibits use of site 
groundwater.  However, it is uncertain whether VOCs would 
continue to attenuate within the Groundwater Reclassification 
boundary over the long term. 

 
Shallow groundwater continues to discharge to the unnamed 
stream downgradient of the landfill.  Modeling predicts minimal 
VOC impact to surface water, and the most recent data suggest that 
surface water quality is improving. 

 
Groundwater and surface water monitoring will continue, and data 
will be evaluated at a minimum during each five-year review.   

 
Compliance with ARARs 
It is believed that over a period of about 100 years, natural 
attenuation processes would reduce contaminant concentrations to 
remedial goals.  Thereafter, monitoring would be performed to 
continue to ensure attainment of ARARs.  The remedial alternative 
would meet wetlands, fish, and wildlife habitat related ARARs.  
Monitoring program under this alternative would comply with 
ARARs.  Purge groundwater generated during the monitoring 
events would be disposed of in accordance with ARARs.   

 
Long-term effectiveness and permanence 
Current institutional controls (i.e., use of groundwater as a 
domestic supply is prohibited within the reclassified area) prevent 
human exposure to contaminated groundwater, which currently lies 
within the Groundwater Reclassification boundary.  The long-term 
effectiveness of this institutional control would depend on 
enforcement.   

 
Natural attenuation processes would reduce contaminant 
concentrations to remedial goals, at which point there would be no 
residual risk outside the landfill.  However, it is uncertain whether 
groundwater contamination would remain within the limits of the 
Groundwater Reclassification boundary.  Consequently, there is a 
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potential future human health risk of exposure to contaminated 
groundwater if VOCs migrate beyond the current institutional 
control limits.  There may also be a future exposure risk to 
ecological receptors if groundwater with elevated contaminant 
concentrations discharges into surface water.  A five-year review 
program would assess the extent to which human health is 
protected.   

 
Reduction of toxicity, mobility, or volume through treatment 
As no active treatment is included in this alternative, although the 
contaminant mass and volume will be reduced over time, no 
reduction of toxicity, mobility or volume is achieved through 
treatment.  Natural attenuation processes would reduce the mass 
and volume of contamination and eventually reduce contaminant 
concentrations to remedial goals.  Long-term monitoring would 
provide information with respect to reductions in contaminant 
concentrations.  Mobility of groundwater contamination would not 
be controlled under this alternative.   

 
Natural attenuation processes are irreversible.  Biological 
transformations under natural attenuation reduce chlorinated 
ethenes (e.g., PCE, TCE) into biomass, methane / ethane / ethene 
and chloride ions.  Incomplete dehalogenation in anaerobic areas 
of the plume may result in increases in concentrations of vinyl 
chloride, which is more toxic than the parent compounds TCE and 
PCE.  However, if groundwater conditions over time become 
aerobic (i.e., without any additional remedial action), vinyl 
chloride may become degraded through biological oxidation.    

 
Short-term effectiveness 
There would be no additional risks posed to the community and 
Site workers because this alternative does not involve disturbance 
to Site conditions.  Existing institutional controls, fences, and gates 
limit public access to the site and exposure to contaminants.  Short-
term risks to workers conducting long-term monitoring would be 
mitigated by use of appropriate procedures and personal protective 
equipment (PPE).  The time to achieve RAOs under this alternative 
is likely 100 years or more because there is no active treatment of 
the contaminant source in Area A.  

 
Implementability 
Institutional controls are already in place at the site, and no 
additional active treatment beyond continued SVE system 
operation is proposed under this alternative.  Long-term 
monitoring would pose no implementability concerns.  Small 
amounts of purge groundwater generated during monitoring events 
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would be disposed of at a certified facility.  Permits would not be 
required, however coordination with other agencies may be 
required as part of the long-term monitoring and five-year review 
processes. 

 
Costs 
Table 5-2 summarizes costs for Alternative 1.  Remedial timeframe 
of 100 years is assumed for cost estimation purposes.  The average 
annual monitoring cost would be $75,000 (current annual PCEM 
costs).  Five-year review costs would be approximately $35,000 
per event, and the annual cost for maintaining institutional controls 
would be $2,500.  Over a total 100-year period, the net present-
worth cost is estimated to be $1,192,700 (at a 7 percent discount 
rate).  Appendix C provides cost estimation spreadsheets along 
with key assumptions for the alternative. 

 
5.2.2 Alternative 2: Areas A and B, In Situ Remedy, ERD, ISCO, ISSM, or 

Combination, and MNA in Area C   
 

5.2.2.1 Description 
Alternative 2 includes active groundwater remediation in Areas A 
and B, and MNA in Area C that is not actively remediated (refer to 
Figure 4-2 for a general layout of the Alternative 2 remedy).  
Active remedial technologies considered under Alternative 2 are 
ERD, ISCO, ISSM or a combination.  Contaminated groundwater 
outside of the areas of active remediation would be remediated 
through MNA.   

 
Alternative 2 would include implementation of the following key 
components in chronological order: 

 
1. Pre-design investigation and treatability/bench-scale testing; 
2. Predictive modeling; 
3. Development of a remedial approach (ERD, ISCO, ISSM or a 

combination); 
4. Field pilot testing of the selected approach (ERD and/or 

ISCO); 
5. Remedial design; 
6. Full-scale active remedy and MNA implementation; 
7. Active remedy operation, maintenance and monitoring; 
8. Continued MNA after active remedy achieves remedial goals 

in target areas; and 
9. Post-remediation monitoring period of three years after MNA 

sampling shows attainment of ICLs. 
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In Situ Remedy in Areas A and B 
A screening model, BIOCHLOR6 was used to estimate the extent 
of the areas requiring active remediation.  The BIOCHLOR model 
was first calibrated using the existing Site data to estimate current 
natural attenuation rates in the plume.  Subsequently, additional 
BIOCHLOR model runs were performed to estimate target VOC 
concentrations in Areas A and B that can be reduced to ICLs 
within the travel distance from points in Areas A and B to potential 
receptors (e.g., surface water) using the estimated attenuation rates.  
Areas with concentrations above the BIOCHLOR estimated target 
concentrations would be addressed by active remediation, and the 
remaining areas would be addressed by MNA (refer to Figure 4-2).  
A detailed discussion of BIOCHLOR model calculations including 
model input parameters, estimated attenuation rates, estimated 
target concentrations for active remediation, and model runs is 
provided in Appendix D. 

 
In addition to Areas A and B, an area near an abandoned well 
SBW-21 was included as a potential area for active remediation 
(refer to Figure 4-1).  Historical data showed elevated TCE 
concentrations in SBW-21 prior to landfill capping (10,000 µg/L in 
groundwater, Spring 1995 sampling round).  Well SBW-21 was 
abandoned during the landfill capping activity.  Contamination in 
this area may require active remediation.  Therefore, additional 
costs for remediation of a potential VOC source outside Area A 
(e.g., SBW-21 area) is evaluated in the cost analyses.   

 
Pre-design investigations would include groundwater and soil 
sampling and analysis.  Groundwater samples would be collected 
from existing monitoring wells and additional temporary driven 
wells in Areas A and B, and in the Landfill Area upgradient of 
Area A.  The soil and groundwater sampling results would be used 
to refine target areas for the active remedy, identify potential VOC 
source areas in the Landfill Area, provide a basis for application 
design, and define baseline conditions prior to remedy 
implementation.  The pre-design investigation may also include 
groundwater quality and MNA parameter sampling.  As part of 
MNA parameter sampling, physical and chemical parameters such 
as soil organic carbon, moisture content, groundwater organic and 
inorganic compound concentrations, dissolved oxygen 
concentrations, and oxidation-reduction potential would be 
evaluated.  Pre-design investigation sampling would also be 

                                                 
6 Aziz, C.E., C.J. Newell, and J.R. Gonzales. 2003. BIOCHLOR Natural Attenuation Decision Support System 
Version 2.2 User’s Manual Addendum. 
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performed to collect representative samples for bench scale 
treatability testing of ERD, ISCO, ISSM, or a combination.   

 
The goal of the active remedial technology(ies) would be to 
remediate target areas to reduce VOC concentrations to levels that 
can be addressed by MNA after the active remedy is completed.  
Active remediation using ISCO and/or ERD would likely require 
multiple applications of amendments (electron donor, oxidants) to 
treat groundwater to the target concentrations.  ISSM amendment 
would be added in one application.  BIOCHLOR calculations in 
Appendix D provide an estimate of the target concentrations.  
During the design phase, a predictive model would be developed 
using Site data to refine the natural attenuation rate estimates and 
target concentrations for active remediation, and the target areas 
for active remediation. 

 
ERD, ISCO and ISSM involve the addition of amendments 
(electron donor in ERD, oxidant in ISCO, and zero-valent iron plus 
ERD amendment in ISSM) in target remediation areas.  Bench-
scale testing for ISCO and treatability testing for ERD and ISSM 
would be performed at the beginning of the design phase to 
evaluate amendment dosing rates and decay rates, and the 
effectiveness of VOC concentration reduction.  The results of these 
tests will indicate the applicability of ERD, ISCO, ISSM, or a 
combination at the Site.   

 
The amendment addition during ERD and ISCO would be 
performed using a series of injection wells placed throughout the 
target areas.  The amendment in ISSM would be added during soil 
auger mixing.  Active remediation in Areas A and B would 
encompass approximately 29,300 cubic yards of saturated zone.  
The size and location of the target area would be refined based on 
the pre-design investigation and predictive modeling results.   

 
The cost-effectiveness of ERD, ISCO, ISSM or a combination will 
be evaluated based on the bench/treatability testing and the refined 
extents of target areas derived from pre-design investigation.  
Appropriate amendment(s) and dosing rate(s) would be determined 
based on the results of the laboratory treatability study and/or field 
pilot test.  Types of delivery system configurations and dosing 
rates would be considered during the design process to optimize 
remediation.  Potential impacts to surface water will be a key 
design parameter for amendment addition under ISCO, ERD and 
ISSM.  Appropriate performance monitoring would be 
implemented along with the active remedy implementation. 
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For comparison purposes, cost estimates in Appendix C carry the 
following conceptual design assumptions: 

 
ERD 
• Injection wells with 25-foot spacing 
• Above- and below-ground piping network for injection of 

substrate 
• On-site substrate batching and pumping equipment, utilizing 

the existing equipment building 
• Injection of substrate on a quarterly basis 
• A fast-degrading soluble substrate such as sodium lactate is 

assumed in the cost estimates.  Other substrates, including 
slow-degrading, low-mobility substrates such as emulsified 
vegetable oil, will be evaluated during bench scale treatability 
testing and considered in the remedial design.   

 
ISCO 
• Injection wells with 15-foot spacing 
• Above- and below-ground piping network for injection of 

substrate 
• Mobile oxidant batching and pumping equipment will be used 

to prepare oxidant solution for injection 
• Two oxidant injection events are assumed 
• Potassium permanganate would be used as an oxidant to treat 

VOCs in the saturated zone  
 

ISSM 
• Large diameter auger equipment is used to blend a mixture of 

zero-valent iron and organic carbon substrate into the saturated 
zone soils 

• The Unnamed stream near the toe-of slope swale would be 
temporarily re-routed to provide access for the auger 
equipment 

• A portion of the landfill cap in Area A would be temporarily 
removed to allow access for ISSM, and replaced after ISSM is 
completed     

 
MNA in Area C 
An MNA monitoring plan would be developed based on predictive 
modeling results.  Modeling would predict the effects of operation 
of a PRB and excavation on natural attenuation of the plume in 
Area C, and the monitoring plan would assess the actual effects.   

 
The purpose of the monitoring would be to evaluate the progress of 
natural attenuation.  It is likely that over time the scope and 
frequency of monitoring would change as conditions warrant.  For 
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costing purposes, three levels of potential monitoring programs 
were assumed to be implemented at different stages during the 
time required to reach cleanup goals (ICLs).  The total duration of 
monitoring is based on a conservative estimate of attenuation 
within Area C plus a post-remediation monitoring period of three 
years, plus a three-year safety factor.  The three-year safety factor 
is added to account for uncertainty in the model predictions of 
MNA timeframe due to potential non steady-state conditions in the 
downgradient plume, described in Section 4.2 of Appendix D.  In 
addition, for the duration of the remedial action, data collected 
during the monitoring events would be further evaluated as part of 
the five-year reviews.  The reviews would assess potential impacts 
of remaining contaminants and evaluate whether the remedy 
remains protective of human health and the environment.  If 
appropriate, additional actions may be implemented as a result of 
these reviews. 

 
Under Alternative 2, the existing land use restrictions would 
remain in place to restrict the use of Site groundwater until 
remedial goals are met.  Existing institutional controls (Declaration 
of Restrictive Covenants and Groundwater Reclassification) 
prohibit the use of the land and groundwater within the area 
containing the VOC plume.  Current institutional controls are 
considered adequate and no additional institutional controls are 
proposed.  

 
   5.2.2.2 Evaluation 

The detailed analysis of Alternative 2 against the seven NCP 
evaluation criteria is presented below and in Table 5-3. 

 
Overall protection of human health and the environment 
Protection of human health and the environment would be 
achieved by attainment of remedial goals through active 
remediation of Areas A and B, followed by MNA in Areas A and 
B and in Area C. 

 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, 
and are protective of human health and the environment.  Shallow 
groundwater discharges to the toe of slope swale and Unnamed 
Stream downgradient of the landfill.  An active remedy would treat 
the groundwater, and improve the surface water quality.  Long-
term monitoring would be performed to evaluate risk to human 
health and the environment.   
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Compliance with ARARs 
The goal of the active remedy (ERD, ISCO, ISSM, or a 
combination) is to treat VOCs to certain target concentrations that 
can be reduced to chemical-specific ARAR (ICLs) by MNA.  
Monitoring would be performed to ensure attainment of ARARs. 

 
The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related 
ARARs.  Monitoring program under this alternative would comply 
with ARARs.  Drill cuttings and groundwater generated during 
well installation, and purge groundwater generated during the 
monitoring events would be disposed of in accordance with 
ARARs. 

 
Long-term effectiveness and permanence 
The goal of the active remedy (ERD, ISCO, ISSM, or a 
combination) and natural attenuation processes would be to reduce 
contaminant concentrations to remedial goals (ICLs), at which 
point there would be no residual risk.  ERD, ISCO, and ISSM are 
capable of achieving the target PCE and TCE concentrations for 
active remediation, estimated in Appendix D.  If the active remedy 
fails to achieve target concentrations due to one or both of the 
failure mechanisms identified in the Implementability portion of 
this section, the remedy would need to be modified.   

 
Active remedial systems (ERD, ISCO, ISSM, or a combination) 
would be maintained to remain reliable.  O&M of the active 
remedies would involve the application of amendments to the 
subsurface, and monitoring of groundwater to evaluate remedial 
effectiveness.  Replacement of technical components of the active 
remedy should not be necessary.  Existing institutional controls 
limit the potential for exposures to contaminated groundwater.  
The long-term effectiveness of institutional controls would depend 
on enforcement.  A five-year review program would assess the 
extent to which human health and the environment are protected.   

 
Reduction of toxicity, mobility, or volume through treatment 
The active remedy would treat groundwater contaminants in situ 
and produce non-toxic treatment residuals.  Permanganate would 
be used in the ISCO process, which converts to non-toxic 
manganese dioxide after reacting with and destroying organic 
materials.  Additives for ERD (e.g., lactate, benzoate, vegetable 
oil) are non-toxic and easily biodegraded in the subsurface to 
simple organic carbon, which is consumed by microorganisms.  
Amendments for ISSM (e.g., zero-valent iron and ERD additives) 
are non-toxic.  The active remedy (ERD, ISCO, ISSM, or a 
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combination) and natural attenuation processes would reduce the 
mass and volume of contamination and eventually reduce 
contaminant concentrations to remedial goals.  Mobility of 
groundwater contamination would not be controlled.   

 
The active remedy (ERD, ISCO, ISSM, or a combination), and 
follow up natural attenuation processes are irreversible.  Complete 
mineralization by ISCO reduces chlorinated ethenes (e.g., PCE, 
TCE) into non-toxic compounds including carbon dioxide and 
chloride ion.  ERD and biological transformations during MNA 
reduce the compounds into biomass, methane / ethane / ethene and 
chloride ions.  Incomplete dehalogenation in anaerobic areas of the 
plume may result in increases in concentrations of vinyl chloride, 
which is more toxic than the parent compounds TCE and PCE.  
However, as groundwater conditions become aerobic, vinyl 
chloride is degraded through biological oxidation.  Monitoring 
would be conducted and appropriate adjustments would be made if 
vinyl chloride concentrations increase at any time during the 
remedial phase.  The zero-valent iron amendment of ISSM 
completely mineralizes chlorinated ethenes into carbon dioxide, 
chloride, and water.   

 
MNA uses a monitoring component to confirm that natural 
processes are capable of reducing contaminant concentrations over 
time to meet ARARs.  Contaminant concentrations at and 
downgradient of the compliance boundary would meet ICLs when 
all phases of the remedy are completed (including MNA).  If the 
active remedy fails to achieve target concentrations due to one of 
both of the failure mechanisms identified in the Implementability 
portion of this section, additional time would be needed for 
revising the approach, with possible reapplication of the active 
remedy. 

 
Short-term effectiveness 
Implementation of the remedy would not have significant impacts 
on the local community.  All portions of the treatment areas are 
within the property boundaries.  Short-term risks to workers would 
be mitigated by use of appropriate procedures and PPE. 

   
The remedy would be designed to have minimal impact on the 
environment.  Active remedy would be designed to limit the 
amount of additives that may be discharge to surface water.  
Construction, operation and maintenance of the active remedy 
system should not pose significant environmental impacts.  
Suitable measures would be implemented during construction to 
control dust, surface water runoff and noise.   
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Table 5-4 summarizes the estimated cleanup timeframe for 
individual components of Alternative 2.  Cleanup timeframes for 
Alternative 2 are estimated by adding the estimated timeframe for 
the active remedy to achieve target concentrations, and the 
estimated timeframe for MNA to reduce the remaining 
concentrations to ICLs.  Since ISCO reactions are essentially 
instantaneous upon contact of oxidant and VOCs, the ISCO active 
remedy timeframe is assumed to be one  year after the full-scale 
remedy is implemented.   

 
ERD remedy timeframes are estimated using first-order 
biodegradation rates cited in the literature (Appendix E), and the 
highest observed VOC concentrations in Areas A and B from 
November 2010.  First-order biodegradation rates used for 
evaluating ERD timeframes represent one half of the maximum 
natural attenuation rates compiled in two literature reviews 
(Appendix E).  Use of these rates for simulating cleanup times 
under controlled, enhanced biodegradation conditions is 
considered reasonable for the purpose of evaluating and comparing 
alternatives.  The ERD active remedy timeframe is estimated to be 
four years after the full-scale remedy is implemented.   

 
ISSM remedy timeframes were estimated based on professional 
judgment.  The in situ processes rely on both biotic and abiotic 
reduction of VOCs, and therefore the reaction rates are expected to 
be slower than ISCO but faster than ERD.  The ISSM active 
remedy timeframe is estimated to be three years after the full-scale 
remedy is implemented.  If an additional VOC source area outside 
Area A is identified and requires active remediation, it is assumed 
that remediation of this additional area will take place within the 
timeframes estimated for ERD, ISCO, ISSM, or a combination. 

 
A post-remediation MNA timeframe of two years following ERD 
in Areas A and B is estimated in Appendix E using conservative 
first-order attenuation rates calculated from current site data using 
BIOCHLOR.  The post-remediation MNA timeframes for ISCO, 
ISSM and the combination scenario is assumed to be two years.  
The MNA timeframe in Area C, downgradient of the active 
remediation area, is estimated using a 1-dimensional model for 
advection, dispersion, and first-order decay (Appendix E).  The 
Area C MNA timeframe is estimated to be 14 years following 
completion of the Area A and B remedy.  Three years of post-
remediation monitoring and a three-year safety factor are added to 
the estimated MNA timeframes in Appendix E to arrive at the total 
MNA timeframe.   
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The total estimated cleanup timeframe for Alternative 2 ranges 
from 23.5 to 27 years based on the above estimates.   

 
Implementability 
Construction and operation of the remedy is standard and would 
pose no special problems.  ERD, ISCO, ISSM and MNA are 
feasible technologies for remediation of chlorinated ethenes.  ERD 
and ISCO are implementable with appropriate design 
considerations for relatively low permeability materials (e.g., 
injection well spacing, injection flow rates).  Pre-design subsurface 
investigation, predictive modeling, treatability/bench-scale studies 
and pilot/field-scale testing would assess the reliability and 
effectiveness of the remedy for the site.  Additional actions can be 
easily implemented in the future, if warranted.  ISSM would 
require temporary removal and replacement of a portion of the 
landfill cap in Area A to allow access for soil mixing.  This work 
would not be required while implementing ERD or ISCO.    

 
Monitoring to assess contaminant status would pose no 
implementability concerns.  Drill cuttings and development water 
generated during well installation, and a small amount of purge 
groundwater generated during monitoring events would be easily 
disposed of at a licensed facility.  If potassium permanganate is 
used as an oxidant, Department of Homeland Security regulations 
may apply, depending on the mass of potassium permanganate 
stored at the site and the length of storage time. 

 
Two potential mechanisms may result in the failure of the active 
remedy to achieve target concentrations within the predicted 
timeframes and accordingly would increase costs: 

 
1) Inadequate distribution of amendments required for remedy to 

proceed; low permeability target area soil (kame sand and 
ablation till) and potential subsurface heterogeneity increase 
the difficulty of distributing amendments (e.g., electron donor, 
oxidant) that are required for treatment.  Reasonably 
conservative well spacing is assumed in the cost estimates.  If 
target concentrations are not achieved, additional time would 
be needed for revising the approach, with possible 
reapplication of the active remedy or intensifying the injection 
spacing.  

 
2) Presence of unidentified VOC sources in the Landfill Area 

outside Area A contributing to groundwater VOC 
concentrations at the compliance boundary; during pre-design 
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investigation, sampling would be performed in Areas A and B 
and the Landfill Area to identify the extent of the source, and 
any potential additional source areas.  If an unidentified source 
is present, active remediation may have to be expanded to treat 
the source and achieve target concentrations for MNA.  The 
cost estimate for this alternative includes a contingency for 
additional active remediation of VOCs outside Area A. 

 
All materials, equipment, personnel and services required to 
construct and operate this alternative are readily available, and the 
remedial technologies included in this alternative are readily 
available.   

 
Costs 
Table 5-5 summarizes costs for Alternative 2.  Alternative 2 costs 
include key components listed in Section 5.2.2.1, continued 
maintenance of existing institutional controls and five-year reviews 
until Site is in compliance with ICLs.  The costs are broken down 
into Capital, and Operation and Maintenance (O&M) costs.  The 
capital cost includes activities from pre-design investigation 
through remedy implementation.  O&M costs include MNA and 
long term monitoring, five-year reviews and maintenance of the 
existing institutional controls.   

 
A cost range is provided because more than one remedial 
technology option is considered in this alternative.  The 30-year 
net present-worth cost range is estimated to be between $5,399,400 
and $10,315,100 (at a 7 percent discount rate).  The capital cost for 
Alternative 2 ranges from $4,256,500 to $9,168,300.  The present 
worth for O&M cost ranges from $1,126,300 to $1,149,800.  The 
lower cost option within Alternative 3 includes ERD as the in-situ 
remedy in Areas A and B with MNA in Area C.  The higher cost 
option includes ISSM as the in-situ remedy in Areas A and B with 
MNA in Area C.   

 
If an additional VOC source area outside Area A is identified and 
requires active remediation, the additional net present-worth cost 
for active remediation of 20% additional target area ranges from 
$1,822,600 to $2,789,500 (at a 7 percent discount rate).  Appendix 
C provides detailed cost estimation spreadsheets along with key 
assumptions. 
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5.2.3 Alternative 3: Area A Containment Remedy, Barrier System at the 
Compliance Boundary, Area B In Situ Remedy, ERD, ISCO, ISSM, or 
Combination, and MNA in Area C   
 
5.2.3.1 Description 

Alternative 3 includes a barrier system at the landfill compliance 
boundary to control contaminant migration from Area A, active 
remediation in Area B and MNA in C (refer to Figure 4-3 for a 
general layout of the Alternative 3 remedy).  Barrier technologies 
considered under Alternative 3 include a groundwater collection 
trench with on-site treatment and surface water discharge, and a 
zero-valent iron PRB.  It is assumed that one of the two barrier 
technologies would be selected on the basis on this detailed 
analysis.  Active remediation technologies considered under 
Alternative 3 include ERD, ISCO, ISSM, or a combination.  It is 
assumed that the active remediation technology would be selected 
based on pre-design investigations and bench-scale/treatability 
testing. 

 
Alternative 3 would include implementation of the following key 
components in a chronological order: 

 
1. Pre-design investigation, and bench-scale/treatability testing; 
2. Predictive modeling; 
3. Development of a remedial approach for ERD, ISCO, ISSM or 

a combination; 
4. Field pilot testing of the selected approach (ERD and/or 

ISCO); 
5. Remedial design; 
6. Barrier system and MNA implementation; 
7. Full-scale in situ remedy implementation; 
8. MNA monitoring and evaluation in Area C; 
9. In situ remedy and barrier system operation, maintenance and 

monitoring; 
10. Long-term monitoring until ICLs are achieved in Areas B and 

C; 
11. Post-remediation monitoring period of three years after 

achieving compliance with ICLs; and 
12. Continued barrier system operation, maintenance and 

monitoring. 
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Area A Containment Remedy, Barrier System at the Landfill 
Compliance Boundary 
As discussed in Section 4, the following two alignments of the 
barrier systems were considered: 

  
1. along the compliance boundary (requiring excavation beneath 

the existing cap, and alignment parallel to the direction of 
groundwater flow beneath the cap, which is not an effective 
placement); and  

2. an alternate alignment which follows the compliance boundary 
to the edge of the existing cap, then crosses beneath the toe of 
slope swale, perpendicular to groundwater flow discharging to 
the toe of slope swale from the area of wells W-03 and W-05 
(refer to Figure 4-3 for alignments).   

 
Hydraulic modeling simulations using ModFlow were performed 
to evaluate the capture and effectiveness of the two barrier system 
alignments as both a passive treatment wall and groundwater 
collection trench.  As described in Appendix F, the alternate barrier 
system alignment (described in bullet 2 above) provides effective 
capture of groundwater from the landfill area, the size of Area B 
(i.e., area of W-03 and W-05), and generates less waste (i.e., 
contaminated soils, and in the case of the pumping trench less 
contaminated groundwater requiring treatment).  Therefore, the 
alternate alignment was selected for the detailed evaluation.  It is 
noted that under the alternate barrier system alignment, the area 
located between the existing compliance boundary and the 
alternate barrier system alignment (area of W-03 and W-05) would 
not meet ARARs (i.e., achieve ICLs).  To achieve the ARARs and 
have the effective alternate barrier system alignment, the 
compliance boundary in this area would have to be modified to 
follow the proposed alternative barrier system alignment. 

 
The barrier system would include excavation of a trench along the 
proposed alignment, approximately 200 feet long, to the bottom of 
the ablation till, a depth of approximately 20 to 25 feet below 
grade.  Trench construction may be performed using a long-reach 
excavator and biopolymer slurry, or a continuous, single-pass 
trenching machine.  Based on the relatively low hydraulic 
conductivity of the geological units (i.e., kame sand and ablation 
till), groundwater flow through the proposed barrier system 
alignment is estimated to be approximately 1,700 gallons per day, 
or approximately 1.2 gallons per minute in the passive treatment 
barrier scenario.  A pumping flow rate of approximately 3,400 
gallons per day or approximately 2.4 gallons per minute is 
estimated for the groundwater collection trench scenario. 
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Under the collection trench option, the excavated trench would be 
backfilled with permeable media (e.g., coarse sand/gravel to be 
designed during the design phase).  Groundwater extraction 
sumps/pumps would be placed at appropriate spacing (to be 
determined during the design phase) to effectively capture the 
influx of upgradient groundwater.  Where the trench crosses the 
toe of slope swale, a liner (HDPE, clay, or other low permeability 
material) would connect to and carry runoff from the landfill liner 
at the toe of slope swale over the top of the trench, preventing 
runoff from entering the trench. 

 
Another trench feature that may be evaluated in the design phase is 
the use of a liner in the downgradient side of the trench.  An 
impermeable material (e.g., HDPE) may be installed along the 
downgradient side of the trench to form a barrier to prevent flow 
through the trench.  Alternatively, if the collection trench were 
unlined, the trench may capture groundwater from downgradient of 
the barrier system (i.e., Area B), and thereby further reduce 
downgradient transport of contaminated groundwater.   

 
The extracted groundwater would be treated by air stripping and 
polished with activated carbon, if needed.  The treated 
groundwater would be discharged to an on-site surface water body 
meeting the substantive requirements of a NPDES permit.  During 
design, potential air discharge rates of VOCs from the air stripper 
will be evaluated to determine if air discharge performance 
standards will be required by VtDEC.  For cost evaluation 
purposes, vapor phase activated carbon is included for treatment of 
air discharge from the stripper.  The detailed design of the 
groundwater collection trench and treatment system, including 
details of the trench design, piping, pumps, and ex situ treatment 
system will be performed during the design phase.   

 
Under the zero-valent iron PRB option, the excavated trench would 
be backfilled with permeable reactive media consisting of zero-
valent iron and sand.  The composition of the reactive media will 
be determined during the design phase based on treatability testing 
results.  The zero-valent iron media would treat VOCs in the 
groundwater and allow the passage of treated groundwater meeting 
ICLs downgradient of the trench, effectively restricting migration 
of the contaminants from Area A.  The width of the PRB trench 
will be determined during the design phase, and would be based on 
factors such as the expected contaminant concentrations, 
groundwater flux, contact time required to degrade the 
contaminants to acceptable levels, and construction method.  As 
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with the collection trench, a liner would be used at the toe of slope 
swale crossing to prevent swale runoff from entering the PRB 
trench.   

 
Pre-design studies will be conducted to determine whether a PRB 
would be more effective than a groundwater collection trench at 
the Site.  If a PRB is chosen for the landfill boundary barrier, a 
groundwater collection trench will remain as a contingency remedy 
if the PRB does not effectively treat the contaminated groundwater 
flowing from beneath the landfill.  Implementation of the 
contingency would occur if after adjustments to the PRB barrier 
(for example, widening the trench to allow for more iron particles) 
the PRB is not meeting its design goal of meeting ICLs. 

 
The barrier system is expected to operate for 100 years or more, 
because it will contain the upgradient groundwater contamination 
and does not actively treat the contaminant source in Area A.  
Appropriate system O&M and performance monitoring plans 
would be developed and implemented along with the barrier 
system remedy.  For present-worth cost estimating purposes, an 
operating duration of 100 years is used. 

 
In Situ Remedy in Area B 
Similar to the approach presented in Alternative 2, BIOCHLOR 
was used to estimate the extents of areas requiring active 
remediation (Appendix D).  Pre-design investigations for the active 
remedy would include sampling and analysis of soil and 
groundwater in Area B to refine target areas for the active remedy, 
provide basis for application design, and define baseline conditions 
prior to remedy implementation.  Pre-design investigation 
sampling would also be performed to collect representative 
samples for bench scale treatability testing of ERD, ISCO, ISSM, 
or a combination.   

 
The goal of the active remedial technology(ies) would be to 
remediate target areas to reduce groundwater VOC concentrations 
to levels that can be addressed by MNA after the active remedy is 
completed.  Active remediation using ISCO and/or ERD would 
likely require multiple applications of amendments (electron 
donor, oxidants) to treat groundwater to the target concentrations.  
ISSM amendment would be added in one application.  
BIOCHLOR calculations in Appendix D provide an estimate of the 
target concentrations.  During the design phase, a predictive model 
would be developed using Site data to refine the natural attenuation 
rate estimates and target concentrations for active remediation, and 
the target areas for active remediation. 
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ERD, ISCO and ISSM involve addition of amendments (electron 
donor in ERD, oxidant in ISCO, and zero-valent iron plus ERD 
amendment in ISSM) in target remediation areas.  Bench-scale 
testing for ISCO and treatability testing for ERD and ISSM would 
be performed at the beginning of the design phase to evaluate 
amendment dosing rates and decay rates, and the effectiveness of 
VOC concentration reduction.  The results of these tests will 
indicate the applicability of ERD, ISCO, ISSM, or a combination 
at the Site. 

 
The amendment addition during ERD and ISCO would be 
performed using a series of injection wells placed throughout the 
target areas.  The amendment in ISSM would be added along with 
soil auger mixing.  Active remediation in Area B would encompass 
approximately 13,560 cubic yards of saturated zone.  The size and 
location if the target area would be refined based on the pre-design 
investigation and predictive modeling results.   

 
The cost-effectiveness of ERD, ISCO, ISSM or a combination will 
be evaluated based on the bench/treatability testing and the refined 
extents of target areas derived from pre-design investigation.  
Appropriate amendment(s) and dosing rate(s) would be determined 
based on the results of the laboratory treatability study and/or field 
pilot test.  Types of delivery system configurations and dosing 
rates would be considered during the design process to optimize 
remediation.  Potential impacts to surface water will be a key 
design parameter for amendment addition under ISCO, ERD and 
ISSM.  Appropriate performance monitoring would be 
implemented along with the active remedy implementation. 

 
For comparison purposes, cost estimates in Appendix C carry the 
following conceptual design assumptions: 

 
ERD 
• Injection wells with 25-foot spacing 
• Above- and below-ground piping network for injection of 

substrate 
• On-site substrate batching and pumping equipment, utilizing 

the existing equipment building 
• Injection of substrate on a quarterly basis 
• A fast-degrading soluble substrate such as sodium lactate is 

assumed in the cost estimates.  Other substrates, including 
slow-degrading, low-mobility substrates such as emulsified 
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vegetable oil, will be evaluated during bench scale treatability 
testing and considered in the remedial design.   

 
ISCO 
• Injection wells with 15-foot spacing 
• Above- and below-ground piping network for injection of 

substrate 
• Mobile oxidant batching and pumping equipment will be 

used to prepare oxidant solution for injection 
• Two oxidant injection events are assumed 
• Potassium permanganate would be used as an oxidant to 

treat VOCs in the saturated zone  
 

ISSM 
• Large diameter auger equipment is used to blend a mixture 

of zero-valent iron and organic carbon substrate into the 
saturated zone soils 

• The Unnamed stream near the toe-of slope swale would be 
temporarily re-routed to provide access for the auger 
equipment 

 
MNA in Area C 
An MNA monitoring plan would be developed based on 
predictive modeling results.  The purpose of the monitoring 
would be to evaluate the progress of natural attenuation.  
Predictive modeling would estimate the effects of operation of 
a PRB and excavation on natural attenuation of the plume in 
Area C, and the monitoring plan would assess the actual 
effects.   

 
It is likely that over time the scope and frequency of 
monitoring would change as conditions warrant.  For costing 
purposes, three levels of potential monitoring programs were 
assumed to be implemented at different stages during the time 
required to reach cleanup goals (ICLs).  The total duration of 
monitoring is based on a conservative estimate of attenuation 
within Area C plus a post-remediation monitoring period of 
three years, plus a three-year safety factor.  The three-year 
safety factor is added to account for uncertainty in the model 
predictions of MNA timeframe due to potential non steady-
state conditions in the downgradient plume, described in 
Section 4.2 of Appendix D.  In addition, for the duration of the 
remedial action, data collected during the monitoring events 
would be further evaluated as part of the five-year reviews.  
The reviews would assess potential impacts of remaining 
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contaminants and evaluate whether the remedy remains 
protective of human health and the environment.  If 
appropriate, additional actions may be implemented as a result 
of these reviews. 

 
Under Alternative 3, the existing land use restrictions would 
remain in place to restrict the use of site groundwater until 
remedial goals are met.  Existing institutional controls 
(Declaration of Restrictive Covenants and Groundwater 
Reclassification) prohibit the use of the land and groundwater 
within the area containing the VOC plume.  Current 
institutional controls are considered adequate and no additional 
institutional controls are proposed.  

 
5.2.3.2 Evaluation 

The detailed analysis of Alternative 3 against the seven NCP 
evaluation criteria is presented below and in Table 5-6. 

 
Overall protection of human health and the environment 
Protection of human health and the environment would be 
achieved by attainment of remedial goals through a barrier system 
at the compliance boundary, active remediation in Area B and 
MNA in Area C.   

 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, 
and are protective of human health.  Shallow groundwater 
discharges to the toe of slope swale and Unnamed Stream 
downgradient of the landfill.  An active remedy would treat the 
groundwater in Area B, and in conjunction with the barrier system 
at the compliance boundary, improve the surface water quality.  
Long-term monitoring would be performed to evaluate risk to 
human health and the environment. 

 
Compliance with ARARs 
The goal of the barrier system is to treat VOCs to chemical-
specific ARAR (ICLs) at the compliance boundary in the short 
term.  The goal of the active remedy (ERD, ISCO, ISSM, or a 
combination) is to treat VOCs to certain target concentrations that 
can be reduced to ICLs by MNA in Area B.  MNA would reduce 
VOCs in Area C to ICLs with the beneficial effects of the treated 
groundwater in Area B and the barrier system at the compliance 
boundary.   

 
Contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy 
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are completed (including MNA) with the following exception.  
Under the alternative barrier system alignment, the area located 
between the existing compliance boundary and the proposed 
barrier system alignment would not meet chemical-specific 
ARARs (i.e., achieve ICLs).  To achieve the ARARs using the 
alternative barrier system alignment, the compliance boundary will 
need to be modified to follow the proposed barrier system 
alignment.  Monitoring would be performed to ensure attainment 
of ARARs. 

 
The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related 
ARARs.  The barrier systems do not require permits for 
implementation.  Appropriate approvals for stream crossing by the 
barrier system and for active remediation (e.g., injection permit) 
would be obtained from appropriate authorities to ensure 
compliance with ARARs.  The monitoring program under this 
alternative would comply with ARARs.   

 
Drill cuttings and groundwater generated during well installation, 
and purge groundwater generated during the monitoring events 
would be disposed of in accordance with ARARs.  Trench 
excavation for the barrier system would require disposal of 
approximately 400 cubic yards of soil.  An appropriate disposal 
option (e.g., disposal facility or disposal under onsite cap) would 
be identified prior to implementing the remedial alternative.  Same 
disposal options would be available for spent treatment materials, 
such as carbon or iron.   

 
Air emissions from the ex-situ groundwater treatment (air 
stripping) portion of the collection trench barrier system would be 
compared to the discharge levels that require an air discharge 
permit per the Vermont Air Pollution Control Regulations and 
federal ARARs.  Any treatment requirements for the air discharge 
will be considered during the design phase to meet the substantive 
requirement for air discharge and ensure compliance with the 
ARARs.  The substantive requirements of a NPDES permit would 
have to be met to discharge the treated groundwater to on-site 
surface water.   

 
Long-term effectiveness and permanence 
The barrier system, active remediation and natural attenuation 
processes would reduce contaminant concentrations to remedial 
goals at and beyond the compliance boundary at which point there 
would be no residual risk.  The exception to this reduction in 
concentration is the area between the Compliance Boundary and 
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the Alternative Barrier System Alignment where contaminant 
concentrations would be reduced by MNA alone, and require a 
longer timeframe. 

 
The barrier systems are capable of containing or treating VOCs 
and preventing migration above ICLs beyond the compliance 
boundary.  ERD, ISCO, and ISSM are capable of achieving the 
target PCE and TCE concentrations for active remediation, 
estimated in Appendix D.  If the active remedies fail to achieve 
target concentrations due to the individual failure mechanisms 
identified below in the Implementability portion of this section, the 
remedy would be modified. 

 
Active remedial systems (barrier system and ERD, ISCO, ISSM, or 
a combination) would be maintained to remain reliable.  O&M of 
the barrier systems would involve monitoring to evaluate hydraulic 
capture; monitoring of groundwater upgradient, within, and 
downgradient of the PRB; and O&M associated with the collection 
trench groundwater treatment system.  O&M of the active 
remedies would involve the application of amendments to the 
subsurface, and monitoring of groundwater to evaluate remedial 
effectiveness.  Maintenance of the PRB reactive media will be 
necessary.  For costing, it is assumed that the zero valent iron in 
the PRB would be replaced approximately every 25 to 30 years.   

 
Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.  A five-year 
review program would assess the extent to which human health 
and the environment are protected.   

 
Reduction of toxicity, mobility, or volume through treatment 
The groundwater collection trench system would collect site 
groundwater and treat it on-site by air stripping and activated 
carbon (if needed) for discharge to on-site surface water.  The ex-
situ groundwater treatment of the collection trench barrier system 
option would use an on-site air stripper, and result in the discharge 
of volatile contaminants in air.  Treatment of collected 
groundwater with activated carbon would require reactivation or 
disposal of the spent carbon.   

 
Alternatively, the zero-valent iron PRB would treat contaminated 
groundwater in situ as it moves through the reactive media.  The 
zero-valent iron PRBs completely mineralize chlorinated ethenes 
(e.g. PCE, TCE) into carbon dioxide, chloride, and water.  The 
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zero-valent iron PRB media could be left in place or may require 
off-Site disposal upon completion of the remedial action.   

 
The barrier system options (collection trench or the PRB) control 
the toxicity, mobility and volume of contaminated groundwater.  
The barrier system would effectively limit the continued transport 
of groundwater contamination beyond the compliance boundary.  
Treatment through PRB and removal of contaminated groundwater 
in the collection trench irreversibly removes contaminant mass 
from the aquifer.  Depending on the treatment technology for 
groundwater intercepted by the collection trench, the contaminant 
mass may be transferred to another media (e.g. air stripping to 
vapor phase).  The PRB would treat approximately 0.6 million 
gallons of groundwater that flow through it every year, whereas the 
groundwater collection trench system would extract and treat 
approximately 1.2 million gallons of groundwater every year.   

 
The active remedy, ERD, ISCO, ISSM, or a combination, with 
MNA would treat groundwater contaminants in situ and produce 
non-toxic treatment residuals.  Permanganate would be used in the 
ISCO process, which converts to non-toxic manganese dioxide 
after reacting with and destroying the organic materials.  Complete 
mineralization by ISCO reduces chlorinated ethenes (e.g., PCE, 
TCE) into non-toxic compounds including carbon dioxide and 
chloride ion.  Additives for ERD (e.g., lactate, benzoate, vegetable 
oil) are non-toxic and easily biodegraded in subsurface to simple 
organic carbon, which is consumed by microorganisms.  ERD and 
biological transformations during MNA reduce the compounds 
into biomass, methane / ethane / ethene and chloride ions.  
Amendments for ISSM (e.g., zero-valent iron and ERD additives) 
are non-toxic.  The zero-valent iron amendment of ISSM 
completely mineralizes chlorinated ethenes into carbon dioxide, 
chloride, and water. 

 
The active remedy (ERD, ISCO, ISSM, or a combination) and 
natural attenuation processes would reduce the mass and volume of 
contamination and eventually reduce contaminant concentrations 
to remedial goals.  The active remedy (ERD, ISCO, ISSM, or a 
combination), and follow up natural attenuation process is 
irreversible.  The active remedy in Area B would treat up to 13,560 
cubic yards of saturated zone.  The size and location of the active 
treatment area would be refined based on pre-design investigation 
results from Area B.  

 
MNA uses a monitoring component to confirm that natural 
processes are capable of reducing contaminant concentrations over 
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time to meet ARARs.  Incomplete dehalogenation in anaerobic 
areas of the plume may result in increases in concentrations of 
vinyl chloride, which is more toxic than the parent compounds 
TCE and PCE.  However, as groundwater conditions become 
aerobic, vinyl chloride is degraded through biological oxidation.  
Monitoring would be conducted and appropriate adjustments 
would be made if vinyl chloride concentrations increase at any 
time during the remedial phase.   

 
Contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy 
are completed (including MNA).  If the active remedy fails to 
achieve target concentrations due to one of both of the failure 
mechanisms identified in the Implementability portion of this 
section, additional time would be needed for revising the approach, 
with possible reapplication of the active remedy. 

 
Short-term effectiveness 
Implementation of the remedy would not have significant impacts 
on the local community.  All portions of the treatment areas are 
within the property boundaries.  Short-term risks to workers would 
be mitigated by use of appropriate procedures and PPE.   

 
Although the construction of a groundwater collection system or 
PRB is fairly intrusive, construction, operation and maintenance of 
the system would not pose significant environmental impacts.  
Suitable measures would be implemented during construction to 
control dust, surface water runoff and noise.  Under the collection 
trench alternative, treated groundwater would be discharged to on-
site surface water in accordance with the substantive requirements 
of a NPDES permit.  Appropriate air emission control measures 
would be implemented, if needed. 

 
The remedy would be designed to have minimal impact on the 
environment.  Active remedy would be designed to limit the 
amount of additives that may be discharged to surface water.  
Construction, operation and maintenance of the active remedy 
system should not pose significant environmental impacts.  
Suitable measures would be implemented during construction to 
control dust, surface water runoff and noise. 

 
If the remedy fails to achieve target concentrations at and/or 
downgradient of the compliance boundary due the failure 
mechanism identified in the Implementability portion of this 
section additional time would be needed for revising the approach.  
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This may entail enhancement of the barrier system, or 
reapplication of the in situ remedy. 

 
Table 5-7 summarizes the estimated cleanup timeframe for 
individual components of Alternative 3.  It is assumed that ARARs 
are achieved at the compliance boundary upon successful operation 
of the barrier system.  This time period is estimated to be 
approximately 2.5 years, which includes pre-design investigation 
and testing, detailed design, and installation and start-up of the 
compliance boundary barrier system.  Since an unknown mass of 
contaminants exists under the landfill, it is assumed that the 
compliance boundary barrier system will be operated and 
maintained for a period of 100 years.  

  
Cleanup timeframe for Areas B and C under Alternative 3 was 
estimated by adding the estimated timeframe for the barrier system 
installation, the active remedy implementation, and the estimated 
timeframe for MNA to reduce the remaining concentrations in 
Areas B and C to ICLs.  The active remedy and MNA timeframes 
were calculated using the same method described for Alternative 2 
(discussed in Section 5.2.2.3, calculations in Appendix E). 

 
The estimated cleanup timeframe for Alternative 3 ranges from 
23.5 to 27 years based on the above calculations. 

 
Implementability 
The barrier system (PRB or collection trench) is implementable.  If 
a collection trench is implemented, ex-situ groundwater treatment 
systems are mature technologies that can easily be constructed and 
operated.  Construction and operation of the active remedy is 
standard and would pose no special problems.  MNA does not 
require a construction effort.  Monitoring of the natural 
degradation processes is used to confirm the effectiveness of 
MNA. 

 
The collection trench, PRB, ERD, ISCO, ISSM and MNA are 
feasible technologies for remediation of chlorinated ethenes.  ERD 
and ISCO are implementable with appropriate design 
considerations for relatively low permeability materials (e.g., 
injection well spacing, injection flow rates).  Pre-design subsurface 
investigation, predictive modeling and treatability studies, as 
appropriate would assess the reliability and effectiveness of the 
remedy for the site.  Additional actions can be easily implemented 
in the future, if warranted.  Monitoring to assess contaminant status 
would pose no implementability concerns.   
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Potential failure mechanisms for the barrier system remedy to meet 
remedial goals at the compliance boundary are inadequate design 
criteria or improper installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies and 
construction quality control.  If target concentrations are not 
achieved, additional time would be needed for revising the 
approach, with possible enhancement of the barrier remedies. 

 
A potential failure mechanism for the active remedy (ERD, ISCO, 
ISSM, or a combination) to meet remedial goals in Area B is 
inadequate distribution of amendments required for the remedy to 
proceed.  For ERD and ISCO, the relatively low permeability 
target area soil (kame sand and ablation till) and potential 
subsurface heterogeneity increase the difficulty of distributing 
amendments (e.g., electron donor, oxidant) that are required for 
treatment.  If target concentrations are not achieved, additional 
time would be needed for revising the approach, with possible 
multiple reapplication of the active remedy and intensifying the 
spacing of the injection points. 

 
Coordination with appropriate federal, state, and local agencies 
may be required for the barrier system stream crossing and the use 
of chemicals (e.g., oxidant) required to implement the active 
remedy.  Trench excavation for the barrier system would require 
disposal of approximately 400 cubic yards of soil.  An appropriate 
disposal option (e.g., disposal facility or disposal under onsite cap) 
would be identified prior to implementing the remedial alternative.  
Same disposal options would be available for spent treatment 
materials, such as carbon or iron.  Soil cutting and development 
water generated during well installation, and small amount of 
purge groundwater generated during monitoring events would be 
easily disposed by appropriate disposal options.   

 
All materials, equipment, personnel and services required to 
construct and operate this alternative and the remedial technologies 
are readily available.   

 
Costs 
Table 5-8 summarizes costs for Alternative 3.  Alternative 3 costs 
include key components listed in Section 5.2.3.1, continued 
maintenance of existing institutional controls and five-year reviews 
until the area downgradient of the compliance boundary is in 
compliance with ICLs.  The costs are broken down into Capital, 
and Operation and Maintenance (O&M) costs.  The capital cost 
includes activities from pre-design investigation through barrier 
system and in-situ remedy implementation.  O&M costs include 
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O&M of the barrier system, MNA and long-term monitoring, five-
year reviews and maintenance of the existing institutional controls.   

 
A cost range is provided because more than one remedial 
technology option is considered in this alternative.  Over a total 
100-year period, the net present-worth cost range is estimated to be 
between $4,655,200 and $6,797,000 (at a 7 percent discount rate).  
The capital cost for Alternative 3 ranges from $2,884,300 to 
$4,831,200.  The present worth for O&M cost ranges from 
$1,570,300 to $2,158,900.  The lower cost option within 
Alternative 3 includes a PRB system at the compliance boundary 
with ERD in Area B and MNA in Area C.  The higher cost option 
includes a groundwater collection trench at the compliance 
boundary with ISSM in Area B and MNA in Area C.  Estimated 
present worth costs for remediation of Areas B and C, not 
including the barrier costs, range from $2,890,100 to $4,601,100 
(approximately 60% of total costs for the respective scenarios).  
Appendix C provides detailed cost estimation spreadsheets along 
with key assumptions. 

 
5.2.4 Alternative 4: Areas A and B Containment Remedy, Barrier System at 

the Compliance Boundary, a Second Barrier System for Area B, and 
MNA in Area C (Remedy Optimization: Area B In Situ Remedy) 
 
5.2.4.1 Description 

Alternative 4 includes two barrier systems (one near the 
compliance boundary, and a second in Area B) to control 
contaminant migration from Areas A and B with MNA in the Area 
C (refer to Figure 4-5 for a general layout of the Alternative 4 
remedy).  Barrier technologies considered under Alternative 4 are 
the same ones considered under Alternative 3: a groundwater 
collection trench with on-site treatment and surface water 
discharge, and a zero-valent iron PRB.  It is assumed that one of 
the two barrier technologies would be selected on the basis on this 
detailed analysis.   

 
Alternative 4 would include implementation of the following key 
components in a chronological order: 

 
• Pre-design investigation, and (if PRB is selected) treatability 

testing; 
• Predictive modeling; 
• Remedial design; 
• Barrier systems and MNA implementation; 
• Barrier system operation, maintenance and monitoring; 
• MNA monitoring and evaluation in Areas B and C; 
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• Long-term monitoring until ICLs are achieved; 
• Post-remediation monitoring period of two years after 

achieving compliance with ICLs; and 
• Continued barrier system operation, maintenance and 

monitoring. 
 

The following would be key components of an optimization 
remedy in Area B, consisting of ERD, ISCO, ISSM, or a 
combination. 

 
1. Bench-scale/treatability testing (for ISCO, ERD and/or ISSM) 
2. Development of Area B active remedial approach; 
3. Field pilot testing (if ISCO and/or ERD is selected);  
4. Full-scale Area B active remedy; and 
5. MNA monitoring and evaluation. 

 
Barrier Systems 
In addition to the compliance boundary barrier system (as 
discussed under Alternative 3), a downgradient barrier system is 
also proposed under this alternative to limit contaminant migration 
from Area B.  The purpose of the second barrier system is to 
capture and treat VOCs migrating from Area B so that the 
downgradient plume (Area C) contamination can naturally 
attenuate.  The location of the downgradient barrier system would 
be determined based on the pre-design investigations and 
predictive modeling.  An approximate layout for Alternative 4 is 
depicted in Figure 4-5.   

 
The compliance boundary barrier system, default and the 
alternative barrier alignments, and relevant features are discussed 
in detail as part of Alternative 3.  Similar to Alternative 3, the 
compliance boundary in this area would have to be modified to 
follow the alternative barrier system alignment. 

 
The barrier systems would include excavation of trenches along 
the proposed alignment at the compliance boundary and at the 
downgradient end of Area B (approximately 200 feet and 135 feet 
long, respectively) to the bottom of the ablation till, a depth of 
approximately 20 to 25 feet below grade.  Trench construction may 
be performed using a long-reach excavator and biopolymer slurry, 
or a continuous, single-pass trenching machine.  Based on the low 
hydraulic conductivity of the geological units (i.e., kame sand and 
ablation till), groundwater flow at the proposed barrier systems is 
estimated to be approximately 3,000 gallons per day or 2.1 gallons 
per minute in the passive treatment barrier scenario (1.2 gallons 
per minute through the compliance boundary PRB, and 0.9 gallons 
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per minute through the downgradient PRB).  The estimated 
groundwater pumping rate for the groundwater collection trench 
scenario is approximately 6,000 gallons per day or 4.2 gallons per 
minute (2.4 gallons per minute in the compliance boundary trench, 
and 1.8 gallons per minute in the downgradient trench). 

 
Under the collection trench option, the excavated trenches would 
be backfilled with permeable media (e.g., coarse sand/gravel to be 
designed during the design phase).  Groundwater extraction 
sumps/pumps would be placed at appropriate spacing (to be 
determined during the design phase) to effectively capture the 
influx of upgradient groundwater.  Another trench feature that may 
be evaluated in the design phase is the use of a liner in the 
downgradient side of the compliance boundary trench.  An 
impermeable material (e.g., HDPE) may be installed along the 
downgradient side of the trench to form a barrier to prevent flow 
through the trench.  Alternatively, if the collection trench were 
unlined, the trench may capture groundwater from downgradient of 
the barrier system (i.e., Area B), and thereby further reduce 
downgradient transport of contaminated groundwater.   

 
The extracted groundwater would be treated by air stripping and 
polished with activated carbon, if needed.  The extracted 
groundwater would be discharged to an on-site surface water body 
meeting the substantive requirements of a NPDES permit.  During 
design, potential air discharge rates of VOCs from the air stripper 
will be evaluated to determine if further treatment would be 
necessary prior to discharge.  For cost evaluation purposes, vapor 
phase activated carbon is included for treatment of air discharge 
from the stripper.  The detailed design of the groundwater 
collection trenches and treatment system, including details of the 
trench design, piping, pumps, and ex situ treatment system will be 
performed during the design phase. 

 
Under the zero-valent iron PRB option, the excavated trenches 
would be backfilled with permeable reactive media consisting of 
zero-valent iron and sand.  The composition of the reactive media 
will be determined during the design phase based on treatability 
testing results.  The zero-valent iron media would treat VOCs in 
the groundwater and allow the passage of treated groundwater 
meeting ICLs downgradient of the trench, effectively restricting 
migration of the contaminants from Area A.  The width of the PRB 
trench will be determined during the design phase and would be 
based on factors such as the expected contaminant concentrations, 
groundwater flux, contact time required to degrade the 
contaminants to acceptable levels, and construction method.   
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Pre-design studies will be conducted to determine whether a PRB 
would be more effective than a groundwater collection trench at 
the Site.  If a PRB is chosen for the landfill boundary barrier, a 
groundwater collection trench will remain as a contingency remedy 
if the PRB does not effectively treat the contaminated groundwater 
flowing from beneath the landfill.  Implementation of the 
contingency would occur if after adjustments to the PRB barrier 
(for example, widening the trench to allow for more iron particles) 
the PRB is not meeting its design goal of meeting ICLs. 

 
The toe of slope swale between the compliance boundary barrier 
and the Area B barrier would be lined to prevent discharge of 
groundwater to surface water between the two barriers (refer to 
Figure 4-5).  The design intent of the stream liner would be to 
prevent discharge of groundwater beneath the toe of slope swale in 
Area B and direct it toward the Area B barrier system where VOCs 
will be treated or removed.  Implementation of the stream liner 
would consist of preparing the stream bed for placement of geo-
fabric and HDPE.  The HDPE liner would connect to and carry 
runoff from the landfill liner at the toe of slope swale to the North.  
To the South, the stream liner would carry runoff over the top of 
the Area B barrier system, preventing runoff from entering the 
trench.    

 
The compliance boundary barrier system is expected to operate for 
as much as 100 years or more, because it will contain the 
upgradient groundwater contamination and does not actively treat 
the contaminant source in Area A.  The downgradient barrier 
system may not need to be operated as long as the compliance 
boundary barrier system because flushing of clean groundwater 
from Area A will transport Area B contamination to the 
downgradient barrier.  In addition to flushing, which is a natural 
attenuation process that the alternative relies on, other natural 
attenuation processes will also occur and, therefore, faster 
reductions are expected in VOC concentrations in Area B, 
compared to the potential source in Area A.  Appropriate system 
O&M and performance monitoring plans would be developed and 
implemented along with the barrier system remedy.  For present-
worth cost estimating purposes, an operating duration of 100 years 
is used. 

 
MNA in Areas B and C  
An MNA monitoring plan would be developed based on predictive 
modeling results.  Predictive modeling would estimate the effects 
of operation of a groundwater collection trench or PRB on natural 
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attenuation of the plume in Areas B and C and the monitoring plan 
would assess the actual effects.   

 
The purpose of MNA monitoring would be to evaluate the progress 
of natural attenuation.  It is likely that over time the scope and 
frequency of monitoring would change as conditions warrant.  For 
costing purposes, three levels of potential monitoring programs 
were assumed to be implemented at different stages through the 
time required to reach cleanup goals (ICLs) for all compounds.  
The total duration of monitoring is based on a conservative 
estimate of attenuation within Areas B and C plus a post-
remediation monitoring period of three years.  In addition, data 
collected during the monitoring events would be further evaluated 
in periodic reviews, and Area B cleanup timeframe calculations 
will be performed as a part of the five-year reviews.   

 
The optimization remedy (in situ remedy in Area B) would be 
implemented in the event that the estimated timeframe for Area B 
is expected to exceed the operational life of the first reactive media 
bed in the Area B PRB or the estimated timeframe will not be met.   

 
Under Alternative 4, the existing land use restrictions would 
remain in place to restrict the use of site groundwater until 
remedial goals are met.  Existing institutional controls (Declaration 
of Restrictive Covenants and Groundwater Reclassification) 
prohibit the use of the land and groundwater within the area 
containing the VOC plume.  Current institutional controls are 
considered adequate and no additional institutional controls are 
proposed.  

 
Optimization Remedy: In Situ Remedy in Area B  
As discussed in Section 4.2.4, active in situ remediation in Area B 
is included as a potential remedy optimization for Alternative 4.  
The optimization remedy would be implemented in the event that 
the estimated timeframe for Area B is expected to exceed the 
operational life of the first reactive media bed in the Area B PRB 
or the estimated timeframe will not be met.  The estimated cleanup 
timeframe calculations are provided in Section 5.2.4.3.  The Area 
B cleanup timeframe estimates would be updated after the 
completion of the pre-design investigations, and as a part of the 
five-year reviews until the Area B remedial goals are achieved.  If 
the remedy optimization is implemented, the design and 
implementation of the active remedy in Area B would be 
consistent with the active remedy discussions in Sections 5.2.2.1 
and 5.2.3.1, Alternatives 2 and 3, respectively. 
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Similar to the approach presented in Alternative 2, pre-design 
investigations for the optimization remedy would include sampling 
and analysis of soil and groundwater samples in Area B to refine 
target areas for the active remedy, provide basis for application 
design, and define baseline conditions prior to remedy 
implementation.  Pre-design investigation sampling would also be 
performed to collect representative samples for bench scale 
treatability testing of ERD, ISCO, ISSM, or a combination.   

 
ERD, ISCO and ISSM involve addition of amendments (electron 
donor in ERD, oxidant in ISCO and ERD amendment and/or zero-
valent iron in ISSM) in target remediation areas.  The amendment 
addition in ERD and ISCO would be performed using a series of 
injection wells placed throughout the target areas.  The amendment 
in ISSM would be added during soil auger mixing.  Bench-scale 
testing for ISCO and treatability testing for ERD and ISSM would 
be performed at the beginning of the design phase to evaluate 
amendment dosing rates and decay rates, and the effectiveness of 
VOC concentration reduction.  The results of these tests will 
indicate the applicability of ERD, ISCO, ISSM, or a combination 
at the Site.   

 
The cost-effectiveness of ERD, ISCO, ISSM or a combination will 
be evaluated based on the bench/treatability testing and the refined 
extents of target areas derived from pre-design investigation.  
Appropriate amendment(s) and dosing rate(s) would be determined 
based on the results of the laboratory treatability study and/or field 
pilot test.  Types of delivery system configurations and dosing 
rates would be considered during the design process to optimize 
remediation.  Potential impacts to surface water will be a key 
design parameter for amendment addition under ISCO, ERD and 
ISSM.  Appropriate performance monitoring would be 
implemented along with the active remedy implementation.  

 
5.2.4.2 Evaluation 

The detailed analysis of Alternative 4 against the seven NCP 
evaluation criteria is presented below and in Table 5-9. 

 
Overall protection of human health and the environment 
Protection of human health and the environment would be 
achieved by attainment of remedial goals through two barrier 
systems (one near the compliance boundary and the second in Area 
B) and MNA in Area C. 

 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the Site until remedial goals are met, 
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and are protective of human health.  The toe of slope swale in Area 
B will be lined to prevent groundwater discharge to the surface 
water.  Shallow groundwater will continue to discharge to the toe 
of slope swale downgradient of the second barrier system.  The 
barrier systems would improve the surface water quality.  Long-
term monitoring would be performed to evaluate risk to human 
health and the environment. 

 
Compliance with ARARs 
The goal of the barrier systems is to treat VOCs to chemical-
specific ARAR (ICLs) in the short term.  The degradation of 
contaminants, which will rely on natural flushing by groundwater 
to transport the contaminants to the barrier system, will be 
augmented by the beneficial effects of other natural attenuation 
processes to reduce VOCs in Area B to ICLs.  The alternative will 
rely only on MNA to reduce VOCs in Area C to ICLs.   

 
Contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy 
are completed (including MNA) with the following exception.  
Under the alternative barrier system alignment for the compliance 
boundary system, the area located between the existing compliance 
boundary and the proposed barrier system alignment would not 
meet chemical-specific ARARs (i.e., achieve ICLs).  To achieve 
the ARARs using the alternative barrier system alignment, the 
compliance boundary will need to be modified to follow the 
proposed barrier system alignment.  Monitoring would be 
performed to ensure attainment of ARARs. 

 
The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related 
ARARs.  The barrier systems do not require permits for 
implementation.  However, appropriate approvals for stream 
crossing by the barrier system and lining of the stream in Area B 
would be obtained from appropriate authorities to ensure 
compliance with ARARs.  The monitoring program under this 
alternative would comply with ARARs. 

 
Drill cuttings and groundwater generated during well installation, 
and purge groundwater generated during the monitoring events 
would be disposed of in accordance with ARARs.  Trench 
excavation for the barrier systems would require disposal of 
approximately 750 cubic yards of soil.  An appropriate disposal 
option (e.g., disposal facility or disposal under onsite cap) would 
be identified prior to implementing the remedial alternative.  Same 
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disposal options would be available for spent treatment materials, 
such as carbon or iron.   

 
Air emissions from the ex-situ groundwater treatment (air 
stripping) portion of the collection trench barrier system would be 
compared to the discharge levels that require an air discharge 
permit per the Vermont Air Pollution Control Regulations and 
federal ARARs.  Any treatment requirements for the air discharge 
will be considered during the design phase to meet the substantive 
requirement for air discharge and ensure compliance with the 
ARARs.  The substantive requirements of a NPDES permit would 
have to be met to discharge the treated groundwater to on-site 
surface water for the collection trench barrier system.  The 
substantive requirements for a subsurface injection permit would 
have to be met for the optimization (active remedy) in Area B. 

 
Long-term effectiveness and permanence 
The barrier systems are capable of containing or treating VOCs 
and preventing migration above ICLs beyond the compliance 
boundary.  The barrier system and natural attenuation processes 
would reduce contaminant concentrations to remedial goals at and 
beyond the compliance boundary at which point there would be no 
residual risk.  The exception to this reduction in concentration is 
the area between the Compliance Boundary and the Alternative 
Barrier System Alignment where contaminant concentrations 
would be reduced by MNA alone, and require a longer timeframe. 

 
The optimization remedy in Area B would further reduce 
contaminant concentrations if implemented.  If the active remedies 
fail to achieve target concentrations due to the individual failure 
mechanisms identified in the Implementability portion of this 
section, the remedy would need to be modified 

 
The barrier systems would be maintained to remain reliable.  O&M 
of the barrier systems would involve monitoring to evaluate 
hydraulic capture; monitoring of groundwater upgradient, within, 
and downgradient of the PRB; and O&M associated with the 
collection trench groundwater treatment system.  O&M of the 
active remedies would involve the application of amendments to 
the subsurface, and monitoring of groundwater to evaluate 
remedial effectiveness.  Maintenance of the PRB reactive media 
will be necessary.  For costing, it is assumed that the zero valent 
iron in the PRB would be replaced approximately every 25 to 30 
years.   
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Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.  A five-year 
review program would assess the extent to which human health 
and the environment are protected.   

 
Reduction of toxicity, mobility, or volume through treatment 
The groundwater collection trench systems would collect site 
groundwater and treat it on-site by air stripping and activated 
carbon (if needed) for discharge to on-site surface water.  The ex-
situ groundwater treatment of the collection trench barrier system 
option would use an on-site air stripper, and result in the discharge 
of volatile contaminants in air.  Treatment of collected 
groundwater with activated carbon would require reactivation or 
disposal of the spent carbon.   

 
Alternatively, the zero-valent iron PRBs would treat contaminated 
groundwater in situ as it moves through the reactive media.  The 
zero-valent iron PRBs completely mineralize chlorinated ethenes 
(e.g. PCE, TCE) into carbon dioxide, chloride, and water.  The 
zero-valent iron PRB media could be left in place or may require 
off-Site disposal upon completion of the remedial action.   

 
The barrier system options (collection trench and PRB) control 
toxicity, mobility and volume of contaminated groundwater.  One 
barrier system would effectively limit the continued transport of 
groundwater contamination past the compliance boundary.  The 
second barrier system would effectively limit the continued 
transport of groundwater contamination from Area B into Area C.  
Treatment through PRB and removal of contaminated groundwater 
in the collection trench irreversibly removes contaminant mass 
from the aquifer.  Depending on the treatment technology for 
groundwater intercepted by the collection trench, the contaminant 
mass may be transferred to another media (e.g. air stripping to 
vapor phase).  The two PRBs would treat approximately one 
million gallons of groundwater that flow through them every year, 
whereas the groundwater collection trench system would extract 
and treat approximately 2 million gallons of groundwater every 
year.   

 
The optimization remedy, ERD, ISCO, ISSM or a combination, 
with MNA would treat groundwater contaminants in situ and 
produce non-toxic treatment residuals.  Permanganate would be 
used in the ISCO process, which converts to non-toxic manganese 
dioxide after reacting with and destroying the organic materials.  
Complete mineralization by ISCO reduces chlorinated ethenes 
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(e.g., PCE, TCE) into non-toxic compounds including carbon 
dioxide and chloride ion.  Additives for ERD (e.g., lactate, 
benzoate, vegetable oil) are non-toxic and easily biodegraded in 
subsurface to simple organic carbon, which is consumed by 
microorganisms.  ERD and biological transformations during 
MNA reduce the compounds into biomass, methane / ethane / 
ethene and chloride ions.  Amendments for ISSM (e.g., zero-valent 
iron and ERD additives) are non-toxic.  The zero-valent iron 
amendment of ISSM completely mineralizes chlorinated ethenes 
into carbon dioxide, chloride, and water. 

 
The optimization remedy (ERD, ISCO, ISSM, or a combination), 
and follow up natural attenuation process is irreversible.  The size 
and location of the active treatment area in the optimization 
remedy would be refined based on monitoring results from Area B. 

 
MNA uses a monitoring component to confirm that natural 
processes are capable of reducing contaminant concentrations over 
time to meet ARARs.  The natural attenuation processes would 
reduce the mass and volume of contamination and eventually 
reduce contaminant concentrations to remedial goals.  If 
optimization is required in Area B, it (ERD, ISCO, ISSM or a 
combination) would also reduce the mass and volume of 
contamination.   

 
Incomplete dehalogenation in anaerobic areas of the plume may 
result in increases in concentrations of vinyl chloride, which is 
more toxic than the parent compounds TCE and PCE.  However, 
as groundwater conditions become aerobic, vinyl chloride is 
degraded through biological oxidation.  Monitoring would be 
conducted and appropriate adjustments would be made if vinyl 
chloride concentrations increase at any time during the remedial 
phase.   

 
Contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy 
are completed (including MNA).  If the active remedy fails to 
achieve target concentrations due to one of both of the failure 
mechanisms identified in the Implementability portion of this 
section, additional time would be needed for revising the approach, 
with possible reapplication of the active remedy and/or extending 
the MNA timeframe to achieve ICLs. 

 
Short-term effectiveness 
Implementation of the remedy would not have significant impacts 
on the local community.  All portions of the treatment areas are 



   

 Focused Feasibility Study Report, July 2011 5-41 Burgess Brothers Superfund Site 

within the property boundaries.  Short-term risks to workers would 
be mitigated by use of appropriate procedures and PPE.   

 
Although the construction of a groundwater collection system or 
PRB is fairly intrusive, construction, operation and maintenance of 
the system would not pose significant environmental impacts.  
Suitable measures would be implemented during construction to 
control dust, surface water runoff and noise.  Under the collection 
trench alternative, treated groundwater would be discharged to on-
site surface water in accordance with the substantive requirements 
of a NPDES permit.  Appropriate air emission control measures 
would be implemented, if needed.   

 
The optimization remedy would be designed to have minimal 
impact on the environment by limiting the amount of additives that 
may be discharged to surface water.  Construction, operation and 
maintenance of the active remedy system should not pose 
significant environmental impacts.  Suitable measures would be 
implemented during construction to control dust, surface water 
runoff and noise. 

 
If the remedy fails to achieve target concentrations at and/or 
downgradient of the compliance boundary due the failure 
mechanism identified in the Implementability portion of this 
section, additional time would be needed for revising the approach.  
This may entail enhancement of the barrier system or 
implementation of the optimization remedy. 

 
Table 5-10 summarizes the estimated cleanup timeframe for 
individual components of Alternative 4.  It is assumed that ARARs 
are achieved at the compliance boundary upon successful operation 
of the barrier system.  This time period is estimated to be 
approximately 2.5 years, which includes pre-design investigation 
and testing, detailed design, and installation and start-up of the 
compliance boundary barrier system.  Since an unknown mass of 
contaminants exists under the landfill, it is assumed that the 
compliance boundary barrier system will have be operated and 
maintained for a period of 100 years. 

 
The cleanup timeframe for Area B under Alternative 4 is estimated 
using a 1-dimensional model for advection, dispersion, and first-
order decay.  The model description and calculations are provided 
in Appendix E.  The model incorporates the effects of flushing of 
Area B with treated groundwater from the compliance boundary 
barrier system.  The MNA timeframe (including flushing) to 
achieve ICLs in Area B is estimated to be 35.5 years.   
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The cleanup timeframe for Area C, downgradient of the Area B 
barrier, was estimated using the same 1-dimensional model 
described above for Area B.  The Area C MNA timeframe is 
estimated to be 14 years following installation and operation of the 
Area B barrier system.  Three years of post-remediation 
monitoring and a 3-year safety factor are added to the estimated 
MNA timeframes in Appendix E to arrive at the total MNA 
timeframe. 

 
The total estimated cleanup timeframe for Alternative 4 is 35.5 
years based on these calculations. 

 
Implementability 
The barrier system (PRB or collection trench) is implementable.  If 
collection trenches are implemented, ex-situ groundwater 
treatment systems are mature technologies that can easily be 
constructed and operated.  Construction and operation of the 
optimization remedy is standard and would pose no special 
problems.  MNA does not require a construction effort.  
Monitoring of the natural degradation processes is used to confirm 
the effectiveness of MNA. 

 
The collection trench, PRB and MNA are feasible technologies for 
remediation of chlorinated ethenes.  The ERD and ISCO 
optimization remedies are implementable with appropriate design 
considerations for relatively low permeability materials (e.g., 
injection well spacing, injection flow rates), and appropriate 
bench-scale and pilot/field-scale testing would assess the reliability 
and effectiveness of the remedies for the site.  Pre-design 
subsurface investigation, predictive modeling and treatability 
studies, as appropriate would assess the reliability and 
effectiveness of the remedy for the site.   

 
Potential failure mechanisms for the barrier system remedy to meet 
remedial goals at the compliance boundary are inadequate design 
criteria or improper installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies and 
construction quality control.  If target concentrations are not 
achieved, additional time would be needed for revising the 
approach, with possible enhancement of the barrier remedies. 

 
Coordination with appropriate federal, state, and local agencies 
may be required for the barrier system stream crossing, for lining 
the toe of slope swale in Area B, and the use of chemicals (e.g., 
oxidant) required to implement the optimization remedy. 
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Trench excavation for the barrier systems would require disposal 
of approximately 750 cubic yards of soil.  An appropriate disposal 
option (e.g., disposal facility or disposal under onsite cap) would 
be identified prior to implementing the remedial alternative.  Same 
disposal options would be available for spent treatment materials, 
such as carbon or iron.  Soil cutting and development water 
generated during well installation, and small amount of purge 
groundwater generated during monitoring events would be easily 
disposed by appropriate disposal options. 

 
All materials, equipment, personnel and services required to 
construct and operate this alternative and the remedial technologies 
are readily available.   

 
Costs 
Table 5-11 summarizes costs for Alternative 4.  Alternative 4 costs 
include key components listed in Section 5.2.4.1, continued 
maintenance of existing institutional controls and five-year reviews 
until the area downgradient of the compliance boundary is in 
compliance with ICLs.  The costs are broken down into Capital 
and O&M costs.  The capital cost includes activities from pre-
design investigation through barrier system and MNA 
implementation.  O&M costs include O&M of the barrier system, 
MNA and long-term monitoring, five-year reviews and 
maintenance of the existing institutional controls.   

 
A range of cost is provided as more than one remedial technology 
option is considered in this alternative.  Over a total 100-year 
period, the net present-worth cost range is estimated to be between 
$3,481,400 and $3,957,200 (at a 7 percent discount rate).  The 
capital cost for Alternative 4 ranges from $1,363,200 to 
$1,790,100.  The present worth for O&M cost ranges from 
$1,691,300 to $2,594,000.  Selection of PRB for the barrier 
systems yields lower cost compared to the selection of 
groundwater collection trench.  Estimated present worth cost for 
remediation of Areas B and C, not including the barrier costs, is 
$979,300 (approximately 25% to 30% of total costs for the 
collection trench and PRB scenarios, respectively).  Appendix C 
provides detailed cost estimation spreadsheets along with key 
assumptions for the alternative. 

 
If the optimization remedy is implemented, the additional net 
present-worth cost for the active remediation of Area B ranges 
from $1,919,300 to $3,682,400 (at a 7 percent discount rate). 
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5.2.5 Alternative 5: Area A Containment Remedy, PRB Barrier System at the 
Compliance Boundary, Area B Excavation, and MNA in Area C  

 
5.2.5.1 Description 

Alternative 5 would include a PRB barrier system at the landfill 
compliance boundary, excavation of the saturated soils in Area B, 
and MNA in Area C.  The barrier system would control 
contamination migration from Area A.  The excavation and 
removal of the saturated soils in Area B would quickly remove 
elevated groundwater VOC concentrations and associated VOC 
mass partitioned onto the soils that have migrated beyond the 
compliance boundary.  Though aeration of groundwater due to 
excavation may reduce the natural biological degradation of the 
VOCs in Area C, these combined actions are expected to increase 
attenuation in Area C by dilution and flushing with less impacted 
groundwater moving through Area B.   

 
Alternative 5 would include implementation of the following key 
components in a chronological order: 

 
• Pre-design investigation, and treatability testing; 
• Remedial design; 
• Excavation and restoration; 
• Barrier system and MNA implementation; 
• Barrier system operation, maintenance and monitoring; 
• MNA monitoring and evaluation; 
• Long-term monitoring until ICLs are achieved; 
• Post-remediation monitoring period of three years after 

achieving compliances with ICLs; and 
• Continued barrier system operation, maintenance, and 

monitoring. 
 

Barrier System 
The PRB barrier system with the alternative barrier alignment is 
discussed in detail as part of Alternative 3 and not repeated here.  
As with Alternatives 3 and 4, the compliance boundary in this area 
would have to be modified to follow the alternative barrier system 
alignment.  

 
The compliance boundary barrier system is expected to operate for 
as much as 100 years, or more, because it will contain the 
upgradient groundwater contamination and does not actively treat 
the contaminant source in Area A.  Appropriate system O&M and 
performance monitoring plans would be developed and 
implemented along with the barrier system remedy.  For present-
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worth cost estimating purposes, an operating duration of 100 years 
is used. 

 
Excavation in Area B 
Area B soils would be excavated to remove the elevated 
groundwater VOC concentrations and associated mass partitioned 
onto the saturated soils.  The unimpacted unsaturated zone soils 
will be stockpiled separately for subsequent use as backfill in the 
vadose zone after the excavation and backfilling of the saturated 
zone.  The excavation would extend to the bottom of the 
overburden aquifer (bottom of ablation till, approximately 20 to 25 
feet deep).  The excavated saturated zone soils would be allowed to 
drain to reduce moisture.  Off-site disposal of the excavated 
saturated zone soil is assumed; however, on-site treatment using 
thermal treatment technology may be evaluated during pre-design 
investigations based on the level of contamination detected in Area 
B soils.  Further, dewatering of the excavation would be necessary, 
and because of the high groundwater concentrations detected in 
Area B, the water generated during the dewatering process and 
underdrain of the excavated soils would need to be appropriately 
handled and disposed.   

 
Similar to the handling of the excavated soils, off-site disposal of 
the water to a waste water treatment plant is assumed.  The volume 
of water generated during excavation and dewatering is not 
expected to be large enough to warrant on-site treatment and 
disposal.  Area B would then be backfilled with clean fill.  
Following backfilling and compacting of the excavation, an 
approximate 6-inch layer of topsoil will be placed on the footprint 
of the excavation.  The area will be seeded and mulched, where 
appropriate, to restore the area to its pre-excavation condition.  
Backfilling of Area B with homogenized material may adversely 
alter groundwater flow and contaminant migration conditions, with 
unknown effects on MNA processes in Area C. 

 
MNA in Area C 
An MNA monitoring plan would be developed based on predictive 
modeling results.  Modeling would predict the effects of operation 
of a PRB and excavation on natural attenuation of the plume in 
Area C, and the monitoring plan would assess the actual effects.   

 
The purpose of MNA monitoring would be to evaluate the progress 
of natural attenuation.  It is likely that over time the scope and 
frequency of monitoring would change as conditions warrant.  For 
costing purposes, three levels of potential monitoring programs 
were assumed to be implemented at different stages through the 
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time required to reach cleanup goals (ICLs) for all compounds.  
The total duration of monitoring is based on a conservative 
estimate of attenuation within Area C, plus post-remediation 
monitoring period of three years and a safety factor of three years.  
In addition, for the duration of the remedial action, data collected 
during the monitoring events would be further evaluated in 
periodic reviews.  The reviews would assess potential impacts of 
remaining contaminants and evaluate whether the remedy remains 
protective of human health and the environment.  If appropriate, 
additional actions may be implemented as a result of these reviews.   

 
Under Alternative 5, the existing land use restrictions would 
remain in place to restrict the use of Site groundwater until 
remedial goals are met.  Existing institutional controls (Declaration 
of Restrictive Covenants and Groundwater Reclassification) 
prohibit the use of the land and groundwater within the area 
containing the VOC plume.  Current institutional controls are 
considered adequate and no additional institutional controls are 
proposed.   

 
5.2.5.2 Evaluation 

The detailed analysis of Alternative 5 against the seven NCP 
evaluation criteria is presented below and in Table 5-12. 

 
Overall protection of human health and the environment 
Protection of human health and the environment would be 
achieved by attainment of remedial goals through a barrier system 
at the compliance boundary, excavation in Area B and MNA in 
Area C. 

 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, 
and are protective of human health.  Shallow groundwater 
discharges to the toe of slope swale and Unnamed Stream 
downgradient of the landfill.  Excavation in Area B, in conjunction 
with the barrier system at the compliance boundary, would 
improve the surface water quality.  Long-term monitoring would 
be performed to evaluate risk to human health and the 
environment. 

 
Compliance with ARARs 
The goal of the barrier system is to treat VOCs to chemical-
specific ARAR (ICLs) at the compliance boundary in the short 
term.  The goal of excavation is to remove VOCs from Area B.  
MNA would reduce VOCs remaining in Area B after excavation, 
and VOCs in Area C to ICLs.   
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Contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy 
are completed (including MNA) with the following exception.  
Under the alternative barrier system alignment, the area located 
between the existing compliance boundary and the proposed 
barrier system alignment would not meet chemical-specific 
ARARs (i.e., achieve ICLs).  To achieve the ARARs using the 
alternative barrier system alignment, the compliance boundary will 
need to be modified to follow the proposed barrier system 
alignment.  Monitoring would be performed to ensure attainment 
of ARARs. 

 
The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related 
ARARs.  The barrier systems do not require permits for 
implementation.  However, appropriate approvals for stream 
crossing by the barrier system and excavation in Area B would be 
obtained from appropriate authorities to ensure compliance with 
ARARs.   

 
The monitoring program under this alternative would comply with 
ARARs.  Drill cuttings and groundwater generated during well 
installation, and purge groundwater generated during the 
monitoring events would be disposed of in accordance with 
ARARs.  Excavation for the barrier system and remedy in Area B 
would require disposal of a significant amount of soil.  An 
appropriate disposal option would be identified prior to 
implementing the remedy.  Water generated during excavation 
dewatering will also be transported off-site for treatment and 
disposal. 

 
Long-term effectiveness and permanence 
The barrier systems are capable of containing or treating VOCs 
and preventing migration above ICLs beyond the compliance 
boundary.  The barrier system, excavation and natural attenuation 
processes would reduce contaminant concentrations to remedial 
goals at and beyond the compliance boundary at which point there 
would be no residual risk.  If the remedy fails to achieve target 
concentrations due to the individual failure mechanisms identified 
in the Implementability portion of this section, the remedy would 
need to be modified.  

 
The barrier system would be maintained to remain reliable.  O&M 
of the barrier systems would involve monitoring to evaluate 
hydraulic capture; monitoring of groundwater upgradient, within, 
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and downgradient of the PRB; and O&M associated with the 
collection trench groundwater treatment system.  O&M of the 
active remedies would involve the application of amendments to 
the subsurface, and monitoring of groundwater to evaluate 
remedial effectiveness.  Maintenance of the PRB reactive media 
will be necessary.  For costing it is assumed that the zero valent 
iron in the PRB would be replaced approximately every 25 to 30 
years.   

 
Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.  A five-year 
review program would assess the extent to which human health 
and the environment are protected.   

 
Reduction of toxicity, mobility, or volume through treatment 
The zero-valent iron PRB would treat contaminated groundwater 
in situ as it moves through the reactive media.  Soil and water 
generated during excavation in Area B will be transported off-site 
for treatment and disposal.  MNA uses a monitoring component to 
confirm that natural processes are capable of reducing contaminant 
concentrations over time to meet ARARs. 

 
The PRB would treat approximately 0.6 million gallons of 
groundwater that flow through it every year.  The excavation in 
Area B would remove up to 13,560 cubic yards of soil.  The size 
and location of the excavation area would be refined based on pre-
design investigation results from Area B.  

 
The PRB barrier system controls toxicity, mobility and volume of 
contaminated groundwater.  The barrier system would effectively 
limit the continued transport of groundwater contamination beyond 
the compliance boundary.  Excavation in Area B is expected to 
remove a significant amount of impacted soil and groundwater.  
The excavation would permanently remove impacted soil and 
groundwater beyond the compliance boundary.  The natural 
attenuation processes would reduce the mass and volume of 
contamination and eventually reduce contaminant concentrations 
to remedial goals.  

 
Treatment through PRB and removal of contaminated groundwater 
in the collection trench irreversibly removes contaminant mass 
from the aquifer.  The PRB destroys the contaminants as the 
groundwater passes through the media.  Excavation and removal of 
contaminated soil and groundwater from within the excavation 
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irreversibly removes contaminant mass from the area.  The natural 
attenuation processes are irreversible. 

 
The zero-valent iron PRBs completely mineralize chlorinated 
ethenes (e.g. PCE, TCE) into carbon dioxide, chloride, and water.  
The zero-valent iron PRB media could be left in place or may 
require off-Site disposal upon completion of the remedial action.  
Excavation will remove contaminated soil and groundwater. 

 
All contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy 
are completed (including MNA).  If the remedy fails to achieve 
target concentrations due to the individual failure mechanisms 
identified in the Implementability Section, the remedy would need 
to be modified. 

 
Short-term effectiveness 
Implementation of the remedy would not have significant impacts 
on the local community.  All portions of the treatment areas are 
within the property boundaries.  Short-term risks to workers would 
be mitigated by use of appropriate procedures and PPE.   

 
Although excavation and construction of a PRB is fairly intrusive, 
construction, operation and maintenance of the system would not 
pose significant environmental impacts.  Suitable measures would 
be implemented during construction to control dust, surface water 
runoff and noise. 

 
If the remedy under Alternative 5 fails to achieve target 
concentrations at and/or downgradient of the compliance boundary 
due the failure mechanisms identified in the Implementability 
portion of this section, additional time would be needed for 
revising the approach.  This may entail enhancement of the barrier 
system. 

 
Table 5-13 summarizes the estimated cleanup timeframe for 
individual components of Alternative 5.  Field remedy 
implementation will begin with excavation in Area B, which is 
estimated to be completed in approximately two years.  
Subsequently, the compliance boundary PRB barrier system will 
be installed.  It is assumed that ARARs are achieved at the 
compliance boundary upon successful operation of the barrier 
system.  This time period is estimated to be approximately 2.5 
years, which includes pre-design investigation and testing, detailed 
design, Area B excavation, and installation and start-up of the 
compliance boundary barrier system.  Since an unknown mass of 
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contaminants exists under the landfill, it is assumed that the 
compliance boundary barrier system will have be operated and 
maintained for a period of 100 years. 

 
The cleanup timeframe for Areas B and C under Alternative 5 was 
estimated by adding the estimated timeframe for excavation, 
barrier system installation, and the estimated timeframe for MNA 
to reduce the VOC concentrations in Areas B and C to ICLs.  The 
cleanup timeframe for Area C, downgradient of the Area B 
excavation, was estimated using a 1-dimensional model described 
in Appendix E.  The Area C MNA timeframe is estimated to be 14 
years following completion of the Area B excavation.  Three years 
of post-remediation monitoring and a three-year safety factor are 
added to the estimated MNA timeframes in Appendix E to arrive at 
the total MNA timeframe. 

 
The estimated cleanup timeframe for Areas B and C under 
Alternative 5 is 22 years based on these calculations. 

 
Implementability 
The barrier system (PRB) is implementable.  Excavation is 
standard and would pose no special problems.  MNA does not 
require a construction effort.  Monitoring of the natural 
degradation processes is used to confirm the effectiveness of 
MNA. 

 
PRB, excavation and MNA are feasible technologies for 
remediation of chlorinated ethenes.  Pre-design subsurface 
investigation, predictive modeling and treatability studies, as 
appropriate would assess the reliability and effectiveness of the 
remedy for the site.  Additional actions can be easily implemented 
in the future, if warranted.   

 
Potential failure mechanisms for the barrier system remedy to meet 
remedial goals at the compliance boundary are inadequate design 
criteria or improper installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies and 
construction quality control.  If target concentrations are not 
achieved, additional time would be needed for revising the 
approach, with possible enhancement of the barrier remedies. 

 
A potential failure mechanism for MNA in Area C is the potential 
for changes in groundwater flow following excavation in Area B.  
Backfilling of Area B with homogenized material may alter the 
groundwater flow paths through Area B, which in turn may affect 
groundwater flow in Area C.  The effects of post-excavation 
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conditions in Area B on groundwater flow and MNA processes in 
Area C will require evaluation during the remedial design for 
Alternative 5.  

 
Monitoring to assess contaminant status would pose no 
implementability concerns.  Coordination with appropriate federal, 
state, and local agencies may be required for the barrier system 
stream crossing and excavation in Area B.  Excavation in Area B 
and for the barrier system would require disposal of a significant 
amount of soil.  Additionally, significant amount of water will be 
generated during dewatering of excavation.  An appropriate 
disposal option for soil and groundwater would be identified prior 
to implementing the remedial alternative.  Soil cutting and 
development water generated during well installation, and small 
amount of purge groundwater generated during monitoring events 
would be easily disposed of by appropriate disposal options. 

 
All materials, equipment, personnel and services required to 
construct and operate this alternative and remedial technologies are 
readily available.   

 
Costs 
Table 5-14 summarizes costs for Alternative 5.  Alternative 5 costs 
include key components listed in Section 5.2.5.1, continued 
maintenance of existing institutional controls and five-year reviews 
until Site is in compliance with ICLs.  The costs are broken down 
into Capital and O&M costs.  The capital cost includes activities 
from pre-design investigation through barrier system, and 
excavation and off-site disposal.  O&M costs include O&M of the 
barrier system, MNA and long-term monitoring, five-year reviews 
and maintenance of the existing institutional controls.   

 
Over a total 100-year period, the net present-worth cost is 
estimated to be $12,375,700 (at a 7 percent discount rate).  The 
capital cost for Alternative 5 is $10,758,700.  The present worth 
for O&M cost is $1,617,000.  Remediation of Areas B and C 
account for approximately 85% of the total present worth cost for 
Alternative 5.  Appendix C provides detailed cost estimation 
spreadsheets along with key assumptions for the alternative. 

 
5.3 COMPARATIVE ANALYSIS 

In the following analysis, the alternatives are evaluated in relation to one another 
for each of the evaluation criteria.  The purpose of this analysis is to identify the 
relative advantages and disadvantages of each alternative so that the key tradeoffs 
that EPA must balance can be identified. 

 



   

 Focused Feasibility Study Report, July 2011 5-52 Burgess Brothers Superfund Site 

Overall protection of human health and the environment and compliance with 
ARARs are threshold determinations that must be met by any alternative in order 
for it to be eligible for selection,  The next five criteria (long-term effectiveness 
and permanence; reduction of toxicity, mobility , and volume through treatment; 
short-term effectiveness; implementability; and cost) will generally require the 
most discussion because the major tradeoffs among alternatives will most 
frequently relate to one or more of these five. 

 
State and community acceptance will be address in the amended ROD once 
formal comments on the FFS and Proposed Plan have been made and a final 
remedy selection decision is being made. 

 
Table 5-15 presents the comparative analysis of the five remedial alternatives.  
The comparative analysis highlights the results of the detailed analysis and is 
summarized below. 

 
Overall Protection of Human Health and the Environment 
Site data has shown that high concentrations of groundwater 
contamination are moving farther away from the landfill compliance 
boundary toward the institutional control boundary.  It is uncertain 
whether these concentrations will continue to attenuate to ICLs prior to the 
institutional control boundary.  Therefore, while all five alternatives would 
currently be protective of human health, it is uncertain whether Alternative 
1 would provide long-term protection.  Under Alternative 1, long-term 
monitoring would be performed to verify the continued protection of 
human health and the environment, identify then-current distribution of 
contamination, and document progress towards reaching remedial goals.  
As the existing institutional controls prohibit the use of the land and 
groundwater within the area containing the VOC plume, they are 
considered adequate in the short-term for protection of human health.  
Five-year reviews would identify the need for additional remedial action 
for continued protection of human health and the environment. 

 
Alternative 2 would provide protection of human health and the 
environment through active remediation in Areas A and B followed by 
MNA, and MNA in Area C.  Compliance with existing institutional 
controls would be verified and monitoring would be performed to verify 
that the active remedy (ERD, ISCO, and/or ISSM) and MNA would 
provide continued protection of human health and the environment, 
evaluate the distribution of contamination, and document progress towards 
reaching remedial goals.  The time to reach remedial goals in Areas A and 
B is estimated to be approximately 11.5 to 15 years.  The timeframe to 
reach remedial goals in Area C is estimated to be approximately 23.5 to 27 
years.   
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Alternative 3 would provide protection of human health and the 
environment through a barrier-type containment system at the compliance 
boundary, active remediation followed by MNA in Area B, and MNA in 
Area C.  Compliance with existing institutional controls would be verified 
and long-term monitoring would be performed to verify that the barrier 
system, active remedy, and MNA would provide continued protection of 
human health and the environment, evaluate the distribution of 
contamination, and document progress towards reaching remedial goals.  
The time to reach remedial goals at the compliance boundary is estimated 
to be 2.5 to 3.5 years, as a result of implementing the compliance 
boundary barrier system.  Continued maintenance and operation of the 
barrier system will be necessary for an assumed period of 100 years to 
maintain the remediation goals.  Significant reductions in VOC 
concentrations will occur during active remedy implementation in Area B 
(approximately 3.5 to 7 years).  The timeframe for achieving remedial 
action objectives in Areas B and C is estimated to be 23.5 to 27 years. 

 
Alternative 4 would provide protection of human health and the 
environment through two barrier-type containment systems (one near the 
compliance boundary and the other in Area B) and MNA in Area C.  
Compliance with existing institutional controls would be verified and 
long-term monitoring would be performed to verify the continued 
protection of human health and the environment, identify then-current 
distribution of contamination, and document progress towards reaching 
remedial goals.  The timeframe for implementing the barrier remedy in 
Areas A and B is approximately 2.5 years.  The time to reach remedial 
goals at the compliance boundary is estimated to be 2.5 years, as a result 
of implementing the compliance boundary barrier system.  Continued 
maintenance and operation of the compliance boundary barrier system will 
be necessary for an assumed period of 100 years to maintain the 
remediation goals.  The estimated timeframe for O&M of the Area B 
barrier system is approximately 33 years.  The timeframe for achieving 
remedial action objectives in Areas B and C is estimated to be 35.5 years. 

 
Alternative 5 would provide protection of human health and the 
environment through a barrier-type containment system at the compliance 
boundary, excavation and off-site disposal of source soils in Area B, and 
MNA in Area C.  Compliance with existing institutional controls would be 
verified and long-term monitoring would be performed to verify the 
continued protection of human health and the environment, evaluate the 
distribution of contamination, and document progress towards reaching 
remedial goals.  The timeframe for completing excavation in Area B and 
implementing the barrier remedy at the compliance boundary is 
approximately 2.5 years.  The time to reach remedial goals at the 
compliance boundary is estimated to be 2.5 years, as a result of 
implementing the compliance boundary barrier system.  Continued 
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maintenance and operation of the compliance boundary barrier system will 
be necessary for an assumed period of 100 years to maintain the 
remediation goals.  The timeframe for achieving remedial action 
objectives in Areas B and C is estimated to be 22 years. 

 
Compliance with ARARs 
Each remedial alternative would attain remedial goals, and comply with 
ARARs in the long term.  However, under Alternative 1, it is uncertain 
whether VOCs would continue to attenuate to ICLs within the limits of the 
Groundwater Reclassification boundary over the long term.  Alternatives 
2, 3, 4, and 5 would attain the ARARs more quickly in Areas B and C than 
Alternative 1.  Alternative 5 would remove VOC mass from Area B more 
than Alternatives 2, 3 and 4; however, post-excavation and post-
remediation MNA timeframes for these alternatives are similar.  
Compliance with ARARs under each alternative is summarized in Tables 
5-16 through 5-20. 

 
Long-Term Effectiveness and Permanence 
Alternatives 2, 3, 4, and 5 would offer the highest degree of long-term 
effectiveness and permanence.  These alternatives actively remediate and 
contain the contaminant sources upgradient and downgradient of the 
landfill compliance boundary, and rely on MNA for only the low 
concentration area of the Site (Area C).  Alternative 2 achieves long term 
effectiveness and permanence in Area A more quickly than the other 
alternatives through active remediation upgradient of the landfill 
compliance boundary, and goes beyond the RAO of containing the 
remaining landfill source (as in Alternatives 3, 4, and 5).   

 
The barrier systems in Alternatives 3, 4, and 5 provide treatment that is 
dependent on groundwater extraction or passive flow through the barrier.  
The capture or destruction of the contaminants is ensured at barrier system 
locations.  Alternatives 3 and 5 achieve long-term effectiveness and 
permanence in Area B more quickly than Alternative 4 through active 
remediation and excavation.  The permanence provided by MNA in Area 
C would be achieved in slightly less time under Alternatives 4 and 5 
(approximately 22 years) compared to Alternatives 2 and 3 (approximately 
23.5 to 27 years). 

 
Under Alternatives 3, 4, and 5, routine maintenance and replacement of 
system components could be accomplished with little interruption of 
system operation and no adverse impact to human health or the 
environment.  These three alternatives contain the contaminant source at 
the landfill compliance boundary.  However, as the extent of residual 
contamination in the landfill is unknown, it is expected that the operation 
and maintenance of the barrier system at the compliance boundary will be 
necessary for an extended period of time.  
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Long-term monitoring of groundwater would be performed under all five 
alternatives to monitor the quality of groundwater, assess potential impacts 
to downgradient receptors, determine whether additional remedial actions 
are necessary, and determine when remedial actions are complete.  No 
difficulties or uncertainties are anticipated in performing the long-term 
monitoring.  Groundwater monitoring wells may require replacement if 
sedimentation or vandalism occurs; the wells would be readily 
replaceable. 

 
With the exception of Alternative 2, the alternatives assume that 
contaminants will remain in the subsurface upgradient of the landfill 
compliance boundary for an extended period of time.  Accordingly, a 
review of site conditions and risks would be conducted every five years, as 
required by CERCLA. 

 
Reduction of Toxicity, Mobility, or Volume 
All five alternatives would reduce the toxicity and volume of 
contamination through natural attenuation processes.  In addition to 
natural attenuation processes, Alternatives 2 and 3 provide in situ 
treatment of groundwater contamination, and Alternatives 3, 4, and 5 
provide active containment and treatment of contaminated groundwater, 
which would reduce the mobility, volume and toxicity of contaminants in 
portions of the aquifer.  The excavation of Area B in Alternative 5 would 
further decrease the mobility and volume of contaminants.  

 
Short-Term Effectiveness 
No impact on the community or site workers is expected with Alternative 
1.  Under Alternatives 3, 4, and 5, construction and operation of the barrier 
system would not have significant impacts on the local community or site 
workers.  The remote location of the Site will minimize any effects from 
Alternative 5 excavation of Area B on the community but there will be a 
temporary increase in truck traffic associated with the off-site transport of 
the excavated soils.  Standard procedures appropriate with the excavation 
of source soils will be implemented to minimize impacts on site workers.  

 
No environmental impacts are expected with Alternative 1.  Adverse 
environmental impacts could occur from the barrier system trenching 
adjacent to the toe of slope swale with Alternatives 3, 4, and 5.  Therefore 
appropriate safeguards would need to be followed to prevent potential 
adverse environmental effects from the construction of the barrier systems.  
Alternative 5 would require additional measures as it would involve more 
excavation and thereby potentially impact a longer reach of the toe of 
slope swale and possibly the Unnamed Stream. 
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Under Alternative 1, shallow groundwater would continue to discharge to 
the toe of slope swale and Unnamed Stream downgradient of the landfill.  
Modeling predicts minimal VOC impact to surface water, and the data 
show that surface water quality is improving.  Under Alternatives 2 and 3, 
groundwater would continue to discharge to surface water downgradient 
of the landfill, but groundwater VOC concentrations would be reduced 
significantly during in situ treatment.  Lining of the stream in Alternative 
4 and excavation of Area B under Alternative 5 would reduce the 
discharge of contaminated groundwater to surface water more quickly 
than Alternatives 2 and 3. 

 
Alternatives 2, 3, and 5 would achieve remedial goals for Area B the 
quickest.  Alternatives 4 and 5, by containing or excavating the Area B 
contaminants, would achieve the remedial goals for Area C more quickly 
than Alternatives 2 and 3. 

 
Implementability 
Work (i.e., monitoring) proposed under Alternative 1 is ongoing at the 
Site, and therefore, Alternative 1 is readily implementable.  Alternatives 2, 
3, 4, and 5, would require some or all of the following steps prior to full-
scale implementation: pre-design investigation, bench-scale/treatability 
testing, development of an active remedial approach, field pilot testing, 
and remedial design.  Alternatives 3, 4, and 5 would require long-term 
operation of the barrier system to maintain compliance with ARARs. 

 
Cost 
Table 5-21 summarizes costs for the five remedial alternatives.  
Alternative 1 (No Further Additional Action) is the least costly alternative 
with a net present worth of $1,192,700.  Alternative 5 (Area A 
containment, PRB at the Compliance Boundary, Area B excavation and 
MNA in Area C) is the most costly alternative with a net present worth of 
12,375,700.   

 
Alternative 4 (Areas A and B containment, and MNA in Area C) with net 
present worth ranging from 3,481,400 to 3,957,200 is more costly than 
Alternative 1 (No Further Additional Action), however, is the least costly 
of the remaining alternative.  Alternative 3 (Area A containment, Area B 
in-situ remedy, and MNA in Area C) with net present worth ranging from 
$4,655,200 to $6,797,000 is more costly than Alternatives 1 and 4.  
Alternative 2 (Areas A and B in-situ remedy, and MNA in Area C) with 
net present worth ranging from $5,399,400 to $10,315,100 is the second 
most costly alternative after Alternative 5. 

 
If optimization of Alternative 4 is necessary, additional cost for the 
optimization, remedy implementation ranges from $1,919,300 to 
$3,682,400.  For Alternative 2, if additional source area requiring 
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treatment is identified, the incremental cost for the in-situ treatment of the 
additional area ranges from $1,822,600 to $2,789,500.    
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Table 2-1 
Chemical-Specific ARARs  
Feasibility Study 

Burgess Brothers Superfund Site  
Bennington and Woodford, Vermont 

Medium 

 

Requirements 

 

Status 

 

Synopsis of Requirements 

 

Consideration in the Focused FS 

 

STATE REGULATORY REQUIREMENTS 

 

Groundwater 

 

Vermont Groundwater Protection 
Rule and Strategy (EPR 12-702) 

 

Applicable, 
(Enforcement 
Standards) 

 

Establish primary groundwater quality 
standards. Enforcement standards are applicable. 
Preventative action limits are not an ARAR. 

 

These standards were considered during 
the establishment of remedial goals. 

 

 

 

Vermont Health Advisories 

 

To Be 
Considered 

 

Vermont developed health advisories as guidance 
criteria for drinking water in the absence of 
Federal Maximum Contaminant Levels. 

 

These standards were considered during 
the establishment of remedial goals. 

 

FEDERAL REGULATORY REQUIREMENTS 

 

Groundwater 

 

Federal Safe Drinking Water Act 
(MCLs) for Organic and Inorganic 
Chemicals (40 CFR §141.11-141.16, 
141.60-141.62) 

 

Relevant and 
appropriate 

 

MCLs have been promulgated for a number of 
common organic and inorganic chemicals and 
action levels for lead and copper. These levels 
regulate the concentration of contaminants in 
public drinking water supplies, but may also be 
considered appropriate for groundwater aquifers 
potentially used for drinking water. 

 

These standards were considered during 
the establishment of remedial goals. 

 

 

 

Federal Safe Drinking Water Act -
Maximum Contaminant Level Goals 
(MCLGs) for Organic and Inorganic 
Chemicals (40 CFR §141.5-141.51) 

 

Relevant and 
Appropriate, 
if non-zero 

 

Establishes MCLGs for organic and inorganic 
contaminants. MCLGs that are non-zero will be 
relevant and appropriate. 

 

These standards were considered during 
the establishment of remedial goals. 

 



Chemical-Specific ARARs (Continued) 
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Medium 

 

Requirements 

 

Status 

 

Synopsis of Requirements 

 

Consideration in the Focused FS 

 

 

 

EPA Reference Doses (RfDs) and 
EPA Carcinogen Assessment Group 
Potency Factors 

 

To Be 
Considered 

 

RfDs are dose levels EPA has developed for use 
in risk characterization due to non-carcinogens in 
various media. The Potency Factors are used to 
evaluate an acceptable risk from a carcinogen. 

 

EPA used the Potency Factors and RfDs 
in the human health component of the 
Risk Assessment, and they both may be 
used to establish criteria in the absence 
of pre-established numerical ARARs. 

 

 EPA Health Advisories To Be 
Considered 

EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic risks 
associated with consuming contaminated drinking 
water. 

EPA may use Health Advisories to 
establish criteria in the absence of pre-
established numerical ARARs. 
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Table 2-2 
Location-Specific ARARs  
Feasibility Study 

Burgess Brothers Superfund Site  
Bennington and Woodford, Vermont 

Medium 

 

Requirements 

 

Status 

 

Synopsis of Requirements 

 

Consideration in the Focused FS 

 

FEDERAL REGULATORY REQUIREMENTS 

 

Wetlands 

 

Regulation of Stream Flow (10 VSA 
Chapter 41) 

Applicable Provides regulations for interruption or 
modification of natural stream flow. 

These regulations will be applicable 
during construction of the barrier 
systems where they may intersect with 
the Unnamed Stream and for lining of 
the Unnamed Stream between the two 
barrier systems and consideration has 
been given to minimization of impacts to 
the Unnamed Stream. 

 

 

Federal Fish and Wildlife 
Coordination Act (16 USC 661 et. 
Seq.) 40 CFR Part 6 

 

Applicable 

 

Establishes requirements for a consultation with 
U.S. Fish and Wildlife Service and state wildlife 
agencies to mitigate losses of fish and wildlife 
that result from modification of a water body 

 

Potential impacts to fish and wildlife 
habitats were considered in development 
and evaluation of remedial alternatives. 

 

 

 

Clean Water Act (33 USC § 1344); 
Section 404(b)(1) Guidelines for 
Specification of Disposal Sites for 
Dredged or Fill Material(40 CFR Part 
230 and 231 and 33 CFR Parts 320-
323). 

Applicable 

 

Under this requirement, no activity that adversely 
affects a wetland shall be permitted if a practicable 
alternative that has less effect is available.  The 
requirements also describe actions to minimize 
adverse impacts. 

Potential wetlands impacts were 
considered in development and 
evaluation of remedial alternatives. 
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Medium 

 

Requirements 

 

Status 

 

Synopsis of Requirements 

 

Consideration in the Focused FS 

 

 Floodplain Management and 
Protection of Wetlands, 44 CFR 9 

Relevant and 
Appropriate 

Remedial alternatives that may cause alteration 
within a federally-designated 500-year 
floodplain/cause negative impacts to downstream 
floodplain or that will cause alteration of federal 
jurisdictional wetlands/aquatic habitats will be 
implemented in compliance with these relevant 
and appropriate FEMA standards which 
promulgate requirements under Executive Order 
11988 (Floodplain Management) and Executive 
Order 11990 (Protection of Wetlands)).  Prohibits 
activities that adversely affect a federally-
regulated wetland unless there is no practicable 
alternative and the proposed action includes all 
practicable measures to minimize harm to 
wetlands that may result from such use.  Requires 
soliciting public comment on any disturbance of 
federally-designated floodplains or federally-
regulated wetlands. 

Potential wetlands impacts were 
considered in development and 
evaluation of remedial alternatives. 

 

 Vermont Wetlands Act, 10 VSA §905 
Vermont Wetlands Rules 

Applicable These standards establish criteria for delineating 
Class One and Class Two wetlands, which are 
consdered significant wetlands, and set forth allowed 
and conditional uses for these wetlands.  The uses 
must not have undue adverse impacts on the 
significant functions of the wetland.  Class Three 
wetlands are defined, but are not protected under 
these rules (they are addressed under Title 10 VSA. 
Chapter 151, below). 

No delineated Class One or Class Two 
wetlands are present in the area to be 
impacted by this alternative. 

 Vermont Obstruction of Streams (10 
VSA Chapter 111 §4607) 

Applicable Regulation of obstructions that prevent the passing of 
fish in a stream or the outlet or inlet of a natural or 
artificial pond on a public stream, by means of a 
rack, screen, weir or other obstruction. 

This requirement would be considered in 
the design of the barrier system and it is 
believed that any obstruction would be 
unnecessary because the construction design 
would be to re-direct the stream and any 
unavoidable obstruction would be of very 
limited duration. 
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Medium 

 

Requirements 

 

Status 

 

Synopsis of Requirements 

 

Consideration in the Focused FS 

 

 Vermont's Land Use and Development 
Law (Act 250), 10 VSA Chapter 151 

Applicable Issues to be addressed in assessing compliance 
with Act 250 include substantive environmental 
and facility siting requirements concerning:  

•  will not result in undue water and air pollution 
(including construction-related dust) (criterion 1) 

•  protection of headwaters (criterion 1(A)) 

•  streams (criterion 1(E)) 

•  impact on state-regulated wetlands (Class One, 
Two and Three (criterion 1(G)) 

•  erosion control (criterion 4) 

•  extraction of earth resources (criterion 9(E)) 

The activities at the Site under this 
alternative would be designed to comply 
with the substantive requirements of Act 
250 and will include measures to assess, 
minimize and mitigate impacts on 
wetlands from any monitoring or other 
remedial activity. 

 

 

This table includes ARARS that may be considered “Applicable” based on the outcome of  further wetlands delineations around the Unnamed Stream, which have  not 
been performed yet.   



Table 2-3 

Action-Specific ARARs  
Feasibility Study 

Burgess Brothers Superfund Site 
Bennington and Woodford, Vermont 
 

Medium Requirements Status Synopsis of Requirements Consideration in the Focused FS 

STATE REGULATORY REQUIREMENTS 

Air 

 

Vermont Air Pollution Control 
Regulations (10 VSA Section 551 et. seq. 
EPR 5-101, 5-211, 5-231 to 5-252, 5-
253.20, 5-261, 5-301 to 5-311, 5-501 to 5-
502, and 5-1010)  

Applicable Establishes air quality standards and allowable 
discharges. 

 

Air quality standards were considered in 
selection and evaluation of remedial 
alternatives. 

 

Groundwater 

 

Vermont Groundwater Protection 
Regulations (10 VSA Chapter 48, EPR 
12-704 and 12-705) 

Applicable 

 

Establish standards and requirements for ground 
water monitoring. 

 

Requirements were considered in 
developing groundwater monitoring 
program. 

 

 

Vermont Environmental Protection 
Regulations Chapter 11 Underground 
Injection Control Program 

 

Applicable if 
groundwater 
infiltration 
through 
injection wells 

Establishes permits and standards required for 
discharges into wells 

 

Standards and permit requirements for 
infiltration of discharge from collection 
trench through injection wells were 
considered in selection and evaluation of 
remedial alternatives.   

Surface Water 

 

Vermont Water Quality Standards (10 
VSA Chapter 47, EPR Sections 1-04, 2-01, 
2-02, 2-03, 2-05, 3-01, 3-03, 3-04, and 
Appendix C) 

Relevant and 
Appropriate 

 

Outlines criteria for discharging to surface waters, 
such as dissolved oxygen, temperature, nutrients, 
pH, and alkalinity, and outlines water quality 
criteria for protection of aquatic biota. 

Discharge standards were considered in 
selection and evaluation of remedial 
alternatives. 

 

 

Vermont National Pollution Discharge 
Elimination System (NPDES) Permit 
Program (EPR Chapter 13) 

 

Relevant and 
Appropriate 

 

Specifies the procedures required to obtain a 
NPDES permit to discharge any waste into the 
waters of Vermont and the terms and conditions of 
permits. 

Permitting requirements for surface 
water discharges were considered in 
selection and evaluation of remedial 
alternatives. 
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Medium Requirements Status Synopsis of Requirements Consideration in the Focused FS 

FEDERAL REGULATORY REQUIREMENTS 

Air 

 

Federal RCRA Air Emission Standards 
for Equipment Leaks, 40 CFR Part 264, 
Subpart BB 

Applicable, if 
threshold 
iimits are 
exceeded 

Standards for air emissions for equipment that 
contains or contacts RCRA wastes with organic 
concentrations of at least 10% by weight. 

Air emission standards were considered 
in selection and evaluation of remedial 
alternatives. 

 

 

Federal RCRA Air Emission Standards 
for Process Vents, 40 CFR Part 264, 
Subpart AA 

 

Applicable, if 
threshold 
limits are 
exceeded 

 

Standards for air emissions from process vents 
associated with distillation, fractionation, thin film 
evaporation, column extraction or air steam 
stripping operations that treat RCRA substances and 
have total organic concentrations of 10 ppm or 
greater. 

Air emission standards were considered 
in selection and evaluation of remedial 
alternatives. 

 

 

 

Clean Air Act; National Emission 
Standards for Hazardous Air Pollutants 
(HESHAP) 40 CFR Part 61. 

 

To Be 
Considered 

 

The site remediation HESHAP establishes 
regulations applicable to air emissions from certain 
site remediation activities, such as an air stripper.  
The HESHAP rule establishes the maximum 
available control technology (MACT) applicable to 
such emissions.  The rule provides control potions, 
such as 95% HAPs removal by weight.  The rule 
specifically exempts emissions from Superfund 
Sites and also only applies to major sources of 
hazardous air pollutants, which the Site is not.  
Given the nature of the exemptions from the rule, it 
is not an ARAR for the site, but a to be considered. 

HESHAP requirements were considered 
in selection and evaluation of remedial 
alternatives. 

 

 USEPA Control of Air Emissions from 
Superfund Air Strippers at Superfund 
Groundwater Sites (OSWER Dir. 
9355.0.28, 15 June 1989 

To Be 
Considered 

Provides guidance on the control of air emissions 
from air strippers used at Superfund sites for 
groundwater treatment and distinguishes between 
sites located in attainment and non-attainment areas 
for ozone. 

Air emission requirements were 
considered in selection and evaluation of 
remedial alternatives. 
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Medium Requirements Status Synopsis of Requirements Consideration in the Focused FS 

Groundwater 

 

Federal Underground Injection Control 
Program 

 

Applicable if 
groundwater 
infiltration 
through 
injection wells 

Establishes permits and standards required for 
discharges into wells 

 

Standards and permit requirements for 
infiltration of discharge from collection 
trench through injection wells were 
considered in selection and evaluation of 
remedial alternatives.   

Surface Water 

 

Federal Clean Water Act – National 
Recommended Water Quality Criteria 

 

Relevant and 
Appropriate 

 

Pursuant to Section 304{a)(l) of the Clean Water 
Act, the EPA establishes Recommended Water 
Quality Criteria for surface water. These criteria 
present scientific data and guidance on the 
environmental effects of pollutants. The criteria can 
contribute to establishing regulatory requirements 
that govern 

Discharge standards were considered in 
selection and evaluation of remedial 
alternatives. 

 

 

 

NPDES Permit Program (40 CFR 122) 

 

Relevant and 
Appropriate 

 

Regulates the discharge of water into public surface 
waters. A permit is typically required; however, in 
accordance with Section 121(e) of CERCLA, only 
the substantive requirements apply to Superfund 
sites. 

 

Permitting requirements for surface 
water discharges were considered in 
selection and evaluation of remedial 
alternatives. 

Sediment 

 

Ontario Ministry of the Environment 
Sediment Quality Guidelines 

 

To be 
Considered 

 

The Sediment Quality Guidelines present scientific 
data and guidance on the environmental effects of 
pollutants. The criteria can contribute to 
establishing requirements that govern impacts to 
sediment quality. 

Sediment standards were considered in 
selection and evaluation of remedial 

 

Landfill 
Material 

 

Federal RCRA Subtitle C Regulations, 
40 CFR Part 264 Subpart F - Releases 
from Solid Waste Management Units, 
Sections 264.95, 264.96(a) and (c), 
264.97, 264.98 and 264.99 " 

Relevant and 
Appropriate 

 

Groundwater monitoring requirements and 
compliance points for determining the need for 
additional monitoring and corrective action. 

 

Requirements were considered in 
developing groundwater monitoring 
program. 

 

 

 

Federal RCRA Subtitle C Regulations, 40 
CFR Part 264 Subpart G - Closure and 
Post Closure, Sections 264.111, 264.114, 
and 264.117* 

Relevant and 
Appropriate 

 

Establishes performance standards for closure of 
hazardous waste landfills and groundwater 
monitoring. 

Landfill closure and monitoring 
program requirements were considered 
in selection and evaluation of remedial 
alternatives. 
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Medium Requirements Status Synopsis of Requirements Consideration in the Focused FS 

Excavated 
Materials 
(Soil and 
Groundwater) 

 

Federal RCRA Hazardous and Solid 
Waste Amendments of 1984 (41 USC 
§6901 et seq. 

Applicable if 
excavated 
materials 
classified as 
hazardous 
waste 

 

Regulates management of hazardous wastes, 
including hazardous waste disposal and recovery. 

 

Hazardous waste management 
requirements for excavated materials 
were considered in selection and 
evaluation of remedial alternatives. 

 

 

Hazardous Waste Determination (40 CFR 
Part 262.11) 

 

Applicable if 
excavating soil 
or sediment 

 

Establishes standards for generators of hazardous 
wastes and requires materials to be identified as 
hazardous or non-hazardous waste prior to on-site 
storage or disposal.   

 

Hazardous waste standards and 
identification requirements for 
excavated materials were considered in 
selection of remedial alternatives. 

 

 

Identification and Listing of Hazardous 
Waste (40 CFR part 261) 

 

Applicable if 
excavating soil 
or sediment 

 

Regulates identification of wastes subject to 
regulations as hazardous wastes, including 
characteristic and listed wastes. 

 

Identification requirements for 
excavated materials were considered in 
selection and evaluation of remedial 
alternatives. 

 

 

Department of Transportation (DOT) 
Regulations (49 CFR Parts 172-174 and 
177-179) 

 

Applicable if 
materials are 
categorized as 
hazardous 
waste 

 

Regulates transportation of hazardous materials 

 

Hazardous materials transportation 
requirements were considered in 
selection and evaluation of remedial 
alternatives. 

 

 

Occupational Safety and Health Act 
(OSHA) (29 CFR Part 1910.120) 

 

Applicable Remedial activities and construction activities must 
comply with OSHA 

 

OSHA requirements were considered in 
the selection and evaluation of remedial 
alternatives. 

*  RCRA requirements are made effective by the Vermont Hazardous Waste Regulations (EPR 7-502) 



Table 3-1.  Preliminary identification, Screening and Evaluation of Technolgies and Process Options for Groundwater. 
 

General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Implementability 

 
Effectiveness 

 
Cost Status 

No Further 
Additional 
Action 

Natural 
Attenuation 

Naturally 
occurring  
biodegradation, 
dispersion, and 
absorption 

No further additional action.  
Use of natural attenuation 
processes to reduce 
contaminant concentrations to 
acceptable levels.  Long-term 
monitoring program to 
monitor groundwater 
concentration levels. 

Easy to Implement Natural attenuation would 
reduce the concentrations of 
groundwater contamination, 
but area of currently not 
effective for controlling 
groundwater discharge to 
surface water that exceeds PLs 
and groundwater 
contamination could expand to 
or beyond institutional 
controls boundary 

Low 

Retained 

In-Situ 
Treatment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biological 
Treatment 

Enhanced 
Bioremediation 
 

Enhanced anaerobic 
biodegradation (i.e., reductive 
dehalogenation) of chlorinated 
VOCs by addition of 
amendments to groundwater. 
 

Proven technology, 
technically feasible 

Effective and implementable 
for large-scale uses in 
subsurface environment that is 
already anaerobic. Strong 
evidence of ongoing reductive 
dehalogenation at the site. 

Potentially 
high capital 
costs, 
depending 
on extent of 
sources, 
moderate 
O&M costs 

Retained  

Chemical 
Treatment 

Chemical 
Oxidation using 
Permanganate 
 

In-situ chemical oxidation of 
chlorinated VOCs by injection 
of permanganate solution to 
groundwater through a series 
of injection wells. 

Proven technology 
for treatment of 
chlorinated ethenes 
at residual 
concentrations, 
technically feasible 

Contamination would be 
reduced relatively quickly; 
however, contaminant rebound 
is possible and multiple 
applications may be needed. 

Potentially 
high capital 
costs, 
depending 
on extent of 
sources, 
moderate 
O&M costs 

Retained  

Physical 
Treatment 
 

Air 
Sparging/Soil 
Vapor Extraction  
 

Volatilization of VOCs by 
sparging of air in 
groundwater, extraction soil 
vapor, and treatment of 
volatilized compounds in the 
vapor. 

Technically 
implementable, but 
likely not effective 
for removal of 
VOCs from 
saturated zone. 

Has been applied in landfill 
area of site for VOC mass 
removal.  Determined to be 
insufficiently effective for 
removal of VOCs from 
saturated zone.  Not likely to 
be effective if expanded. 

Potentially 
high capital 
costs, 
depending 
on extent of 
sources, 
moderate 
O&M costs 

Eliminated 



General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Implementability 

 
Effectiveness 

 
Cost Status 

In-Situ 
Treatment 
(contd.) 

Circulation 
Wells 

In-well air stripping of VOCs 
from groundwater.  
Circulation wells create a 
circulation pattern in the 
aquifer. Groundwater is drawn 
into a well through one 
screened section and is 
pumped through the well to a 
second screened section where 
it is reintroduced to the aquifer 
without bringing it above 
ground.  

Not suited for low 
permeability site 
soils (Kame sand 
and Ablation till).  
Significant number 
of wells and 
process equipment 
required. 

Likely not effective due to low 
permeability of site soils. 

Potentially 
high capital 
costs, 
depending 
on extent of 
sources and 
number of 
wells 
required, 
moderate 
O&M costs. 

Eliminated 

Monitored 
Natural 
Attenuation  

Monitored 
Natural 
Attenuation  

Natural attenuation processes 
(e.g., biodegradation and 
sorption) will reduce 
contaminant concentrations to 
acceptable levels.    
Monitoring is conducted 
throughout the process to 
confirm that degradation is 
proceeding at rates that are 
adequate to meet remedial 
objectives. 

Proven technology, 
easily 
implementable 

Strong evidence of ongoing 
reductive dehalogenation, 
which is a natural attenuation 
process observed at the site, 
although limited evidence of 
reductive dehalogenation in 
Area C. 

Low capital 
and O&M 
Costs 

Retained 

Containment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment 
Trench  

Air Sparging 
Trench 

Use of air sparging trench to 
provide in situ flow through 
treatment of VOCs via 
volatilization.  

Technically 
implementable. 

Air sparging trench would 
potentially disrupt 
downgradient anaerobic 
biodegradation.   

Moderate 
capital 
O&M costs. Eliminated 

Extraction Groundwater 
Collection 
Trench 

Use of groundwater collection 
trench to intercept and collect 
contaminated groundwater.  
Onsite ex situ treatment of the 
collected groundwater and 
onsite surface water discharge. 
 

Proven technology, 
technically feasible 

Use of groundwater collection 
trench would restrict the 
downgradient migration of 
contaminated groundwater.  
Site subsurface conditions 
(i.e., slow groundwater 
velocity, areal and vertical 
extent of contamination) are 
favorable for this technology. 

High capital 
costs, 
moderate 
O&M costs. 

Retained 

Groundwater 
Extraction Wells 

Use of groundwater extraction 
wells to pump contaminated 
groundwater.  Onsite ex situ 
treatment of the extracted 
groundwater and onsite 

Not suited for low 
permeability site 
soils (Kame sand 
and Ablation till).  
Significant number 

Likely not effective due to low 
permeability soils. 

High capital 
and O&M 
cost. Eliminated  



General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Implementability 

 
Effectiveness 

 
Cost Status 

 
 
 
 
 
Contain-
ment 
(contd.) 
 

surface water discharge. of wells required to 
effectively 
intercept 
contaminated 
groundwater. 

Permeable 
Reactive 
Barrier 
(PRB) 
 
 
 
 

Zero-Valent Iron 
PRB  
 

Use of permeable barrier (i.e., 
trench) filled with reactive 
media (zero-valent iron) that 
treats VOCs in groundwater 
but allows the passage of 
groundwater. 
 

Proven technology, 
installation and 
operation 
technically 
feasible. 

Zero-valent iron PRB can 
effectively control 
contaminant migration. Site 
subsurface conditions (i.e., 
slow groundwater velocity, 
areal and vertical extent of 
contamination) are favorable 
for this technology. 

High capital 
costs, but 
low O&M 
costs. Retained 

Biological 
Reactive 
Medium PRB 

Use of permeable barrier (i.e., 
trench) filled with biological 
reactive medium that treats 
VOCs in groundwater but 
allows the passage of 
groundwater. 

Installation is 
technically 
feasible, but 
biological reactive 
medium may not 
be effective 
because of high 
levels of dissolved 
contaminants. 

Dissolved contaminant 
concentrations at the site likely 
too high.  Biological reactive 
medium may not be effective. 

High capital 
costs, but 
low O&M 
costs. 

Eliminated 

Excavation Soil 
Excavation 
and 
Treatment or 
Disposal 

Zero-Valent Iron 
PRB and Soil 
Excavation 

Use of a PRB at the 
Compliance Boundary, with 
excavation and either 
treatment or off-site disposal 
of impacted soils 
downgradient of the 
Compliance Boundary. 

Proven technology.  
Installation and 
operation are 
technically 
feasible. All 
excavations would 
need to be restored 
to existing 
conditions to 
maintain site 
drainage and 
conditions in the 
Unnamed Stream.   

The PRB at the compliance 
boundary would be effective 
for removal of VOCs in 
groundwater and excavation 
and either treatment or off-site 
disposal of impacted soils 
downgradient of the 
Compliance Boundary would 
effectively reduce 
contamination downgradient 
of compliance boundary. 

High capital 
costs, low 
O&M costs 

Retained 

  
Notes: 
 MNA – Monitored Natural Attenuation 

PRB – Permeable Reactive Barrier 
VOC – volatile organic compound 
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Evaluation Criteria Alternative 1: No Further Additional Action 

Overall Protection of Human Health and the Environment 

Human Health and Environment 
Protection 

Protection of human health would continue with existing institutional 
controls (Declaration of Restrictive Covenants and Groundwater 
Reclassification).  These institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, and 
are protective of human health. 
 
The VOC plume remains defined and within the limit of the 
Groundwater Reclassification boundary that prohibits use of site 
groundwater.  However, it is uncertain whether VOCs would continue 
to attenuate within the Groundwater reclassification Boundary over 
the long term. 
 
Shallow groundwater continues to discharge to the unnamed stream 
downgradient of the landfill.  However, modeling predicts minimal 
VOC impact to surface water, and the data show that surface water 
quality is improving. 
 
Groundwater monitoring will continue, and data will be evaluated at a 
minimum during each 5-year review.   

Compliance with ARARs 

Chemical-Specific Over time, natural attenuation processes would reduce contaminant 
concentrations to remedial goals.  Long-term monitoring would be 
performed to ensure attainment of ARARs. 

Location-Specific The remedial alternative would meet wetlands, fish, and wildlife 
habitat related ARARs.   

Action-Specific Monitoring program under this alternative would comply with ARARs. 
 
Purge groundwater generated during the monitoring events would be 
disposed of in accordance with ARARs.   

Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk Natural attenuation processes would reduce contaminant 
concentrations to remedial goals, at which point there would be no 
residual risk outside the landfill. It is uncertain whether groundwater 
contamination would remain within the limits of the reclassification 
boundary. Consequently, there is a future risk of exposure to 
groundwater if VOCs migrate beyond the current institutional control 
limits.   
 
Long-term monitoring and five year reviews would allow for re-
evaluation of remedial alternatives in future.   
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Long-Term Effectiveness and Permanence (continued) 

Adequacy and Reliability of 
Controls 

Existing institutional controls limit the potential for exposure to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.   
 
A five-year review program would assess the extent to which human 
health and the environment are protected.   

Reduction of Toxicity, Mobility or Volume 

Treatment Process Used and 
Materials Treated 

None proposed for this alternative.   

Amount Destroyed or Treated None, except by natural attenuation processes.   

Degree of Expected Reductions 
of Toxicity, Mobility, or Volume 
through Treatment 

Natural attenuation processes would reduce the mass and volume of 
contamination and eventually reduce contaminant concentrations to 
remedial goals.  Long-term monitoring would provide information with 
respect to reductions in contaminant concentrations.   
 
Mobility of groundwater contamination would not be controlled.   

Degree to Which Treatment is 
Irreversible 

Natural attenuation processes are irreversible.   

Type and Quantity of Residuals 
Remaining after Treatment 

Biological transformations under natural attenuation reduce 
chlorinated ethenes (e.g., PCE, TCE) into biomass, methane / ethane 
/ ethene and chloride ions.  Incomplete  dehalogenation in anaerobic 
areas of the plume may result in increases in concentrations of vinyl 
chloride, which is more toxic than the parent compounds TCE and 
PCE.  However, as groundwater conditions become aerobic, vinyl 
chloride is degraded through biological oxidation.    

Short-Term Effectiveness 

Protection of Community During 
Remedial Action 

Existing institutional controls and fences and gates limit public access 
to the site and exposure to contaminants.   

Protection of Workers During 
Remedial Action 

Short-term risks to workers conducting long-term monitoring would be 
mitigated by use of appropriate procedures and personal protective 
equipment (PPE).   

Environmental Impacts Not applicable as no remedial actions are proposed for this 
alternative.   

Implementability 

Ability to Construct and Operate 
the Technology 

Institutional controls are already in place at the site. 
Not applicable as no technologies are proposed for this alternative.   

Reliability of the Technology Not applicable as no technologies are proposed for this alternative.   
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Implementability (continued) 

Ease of Undertaking Additional 
Remedial Actions, if necessary 

Additional actions can be easily implemented in the future, if 
warranted.  Long-term monitoring and five year reviews will allow re-
evaluation of the remedial alternative in the future.   

Ability to Monitor the 
Effectiveness of Remedy 

Monitoring to assess contaminant status would pose no 
implementability concerns.   

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Permits would not be required, however coordination with other 
agencies may be required as part of the long-term monitoring and 5-
year review processes.   

Availability of Off-Site Treatment, 
Storage, and Disposal Services 
and Capacity 

Small amounts of purge groundwater generated during monitoring 
events would be disposed of at a certified facility.   

Availability of Necessary 
Equipment and Specialists 

Not applicable.   

Availability of Technology Not applicable as no technologies are proposed for this alternative.   

Cost 

Estimated Capital Costs $0 

Estimated O&M Costs (Present 
Worth) 

$1,192,700 

Total Estimated Costs $1,192,700 

 
 
 



Table 5-2   Estimated Cost for Alternative 1 (Page 1 of 1)

CAPITAL COSTS

TOTAL ESTIMATED CAPITAL COSTS -$                   

O&M COSTS

Long-Term Monitoring 1,070,200$   
Annual Cost 75,000$         

Assumed Number of Years 100

Maintenance of Institutional Controls 35,700$        
Annual Cost 2,500$           

Assumed Number of Years 100

5-Year Reviews 86,800$        
Unit Cost 35,000$         

Assumed Number of Reviews 20

TOTAL ESTIMATED O&M COSTS 1,192,700$   

TOTAL ESTIMATED CAPITAL COSTS -$                   
TOTAL ESTIMATED O&M COSTS 1,192,700$    

TOTAL ESTIMATED REMEDIATION COSTS 1,192,700$   

Notes:
- Operations and maintenance (O&M) costs are calculated as Net Present Value (NPV)
- NPV calculations include a discount rate of 7 percent before tax and without inflation

Burgess Brothers Superfund Site, Bennington and Woodford, Vermont Focused Feasibility Study Report, July 2011
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and MNA in Area C 
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Evaluation Criteria Alternative 2: Areas A and B In-Situ Remedy, and MNA in Area C 

Overall Protection of Human Health and the Environment 

Human Health and Environment 
Protection 

Protection of human health and the environment would be achieved 
by attainment of remedial goals through active remediation of Areas 
A and B, followed by MNA in Areas A and B and in Area C. 
 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, and 
are protective of human health.   
 
Shallow groundwater discharges to the Unnamed Stream 
downgradient of the landfill.  An active remedy would treat the 
groundwater, and improve the surface water quality. 
 
Long-term monitoring would be performed to evaluate risk to human 
health and the environment.   

Compliance with ARARs 

Chemical-Specific The goal of the active remedy (ERD, ISCO, ISSM, or combination) is 
to treat VOCs to certain target concentrations that can be reduced to 
chemical-specific ARAR (ICLs) by MNA.   
 
 
Monitoring would be performed to ensure attainment of ARARs. 

Location-Specific The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related 
ARARs.   

Action-Specific Substantive requirements for appropriate permits for active remedy 
implementation (e.g., injection permit) would be met. 
 
Monitoring program under this alternative would comply with ARARs. 
 
Drill cuttings and groundwater generated during well installation, and 
purge groundwater generated during the monitoring events would be 
disposed of in accordance with ARARs.  

Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk The goal of the active remedy (ERD, ISCO, ISSM, or combination) 
and natural attenuation processes would be to reduce contaminant 
concentrations to remedial goals (ICLs), at which point there would 
be no residual risk.   
 
If the active remedy fails to achieve target concentrations due to one 
or both of the failure mechanisms identified in the Implementability 
section of this table, the remedy would need to be modified.   



 
Table 5-3 Continued (Page 2 of 5) 
 

Burgess Brothers Superfund Site, Bennington and Woodford, Vermont Focused Feasibility Study Report, July 2011 
 

 
Long-Term Effectiveness and Permanence (continued) 

Adequacy and Reliability of 
Controls 

Active remedial systems (ERD, ISCO, ISSM, or combination) would 
be maintained to remain reliable. 
 
Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.   
 
A five-year review program would assess the extent to which human 
health and the environment are protected.   

Reduction of Toxicity, Mobility or Volume 

Treatment Process Used and 
Materials Treated 

The active remedy, ERD, ISCO, ISSM, or combination, with MNA 
would treat groundwater contaminants in-situ and produce non-toxic 
treatment residuals.  Permanganate would be used in the ISCO 
process, which converts to non-toxic manganese dioxide after 
reacting with and destroying organic materials.  Additives for ERD 
(e.g., lactate, benzoate, vegetable oil) are non-toxic and easily 
biodegraded in the subsurface to simple organic carbon, which is 
consumed by microorganisms.  Amendments for ISSM (e.g., zero-
valent iron and ERD additives) are non-toxic. 

Amount Destroyed or Treated An estimated 29,300 cubic yards of saturated zone (including Areas 
A and B) is included for active remediation.  The size and location of 
the target area would be refined based on the pre-design 
investigation and predictive modeling results. 

Degree of Expected Reductions 
of Toxicity, Mobility, or Volume 
through Treatment 

The active remedy (ERD, ISCO, ISSM, or combination) and natural 
attenuation processes would reduce the mass and volume of 
contamination and eventually reduce contaminant concentrations to 
remedial goals.   
 
Mobility of groundwater contamination would not be controlled.   

Degree to Which Treatment is 
Irreversible 

Active remedy (ERD, ISCO, ISSM, or combination), and follow up 
natural attenuation processes are irreversible.   
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Reduction of Toxicity, Mobility or Volume (continued) 

Type and Quantity of Residuals 
Remaining after Treatment 

Complete mineralization by ISCO reduces chlorinated ethenes (e.g., 
PCE, TCE) into non-toxic compounds including carbon dioxide and 
chloride ion.  ERD and biological transformations during MNA reduce 
the compounds into biomass, methane / ethane / ethene and 
chloride ions.  Incomplete  dehalogenation in anaerobic areas of the 
plume may result in increases in concentrations of vinyl chloride, 
which is more toxic than the parent compounds TCE and PCE.  
However, as groundwater conditions become aerobic, vinyl chloride 
is degraded through biological oxidation.  Monitoring would be 
conducted and appropriate adjustments would be made if vinyl 
chloride concentrations are not responding to the remedial action.  
The zero-valent iron amendment of ISSM completely mineralizes 
chlorinated ethenes into carbon dioxide, chloride, and water.   
 
The goal of active remedy is to reduce VOCs to certain target 
concentrations that can be reduced to ICLs by MNA.  All contaminant 
concentrations at and downgradient of the compliance boundary 
would meet ICLs when all phases of the remedy are completed 
(including MNA). 
 
If the active remedy fails to achieve target concentrations due to one 
of both of the failure mechanisms identified in the Implementability 
section of this table, additional time would be needed for revising the 
approach, with possible reapplication of the active remedy. 

Short-Term Effectiveness 

Protection of Community During 
Remedial Action 

Implementation of the remedy would not have significant impacts on 
the local community.  All portions of the treatment areas are within 
the property boundaries.   

Protection of Workers During 
Remedial Action 

Short-term risks to workers would be mitigated by use of appropriate 
procedures and personal protective equipment (PPE).   

Environmental Impacts The remedy would be designed to have minimal impact on the 
environment.  Active remedy would be designed to limit the amount 
of additives that may be discharge to surface water.  Construction, 
operation and maintenance of the active remedy system should not 
pose significant environmental impacts.  Suitable measures would be 
implemented during construction to control dust, surface water runoff 
and noise.   

Time Until Remedial Action 
Objectives are Achieved 

Between 23.5 and 27 years (estimated) 
 
If the active remedy fails to achieve target concentrations due to one 
of both of the failure mechanisms identified in the Implementability 
section of this table, additional time would be needed for revising the 
approach, with possible reapplication of the active remedy. 
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Implementability 

Ability to Construct and Operate 
the Technology 

Construction and operation of the remedy is standard and would 
pose no special problems.  Pre-design study and active remedy 
implementation would require penetration of existing cap in Area A. 
 

Reliability of the Technology ERD, ISCO, ISSM and MNA are feasible technologies for 
remediation of chlorinated ethenes.  Pre-design subsurface 
investigation, predictive modeling, treatability/bench-scale studies 
and pilot/field-scale testing would assess the reliability and 
effectiveness of the proposed remedy for the site.   
 
Two potential failure mechanisms for the active remedy to achieve 
target concentrations include the following, which may extend the 
remedial timeframe and increase costs:  
 
1) Inadequate distribution of amendments required for remedy to 
proceed; low permeability target area soil (kame sand and ablation 
till) and potential subsurface heterogeneity increase the difficulty of 
distributing amendments (e.g., electron donor, oxidant) that are 
required for treatment.  If target concentrations are not achieved, 
additional time would be needed for revising the approach, with 
possible reapplication of the active remedy. 
 
2) Presence of unidentified VOC sources in the Landfill Area outside 
Area A contributing to groundwater VOC concentrations at the 
compliance boundary; during pre-design investigation, sampling 
would be performed in Areas A and B and the Landfill Area to 
identify the extent of the source, and any potential additional source 
areas.  If an unidentified source is present, active remediation may 
have to be expanded to treat the source and achieve target 
concentrations for MNA. 
 

Ease of Undertaking Additional 
Remedial Actions, if necessary 

Additional actions can be easily implemented in the future, if 
warranted.   

Ability to Monitor the 
Effectiveness of Remedy 

Monitoring to assess contaminant status would pose no 
implementability concerns.   

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Coordination with appropriate federal, state, and local agencies may 
be required for the use of chemicals (e.g., oxidant) required to 
implement the active remedy.   

Availability of Off-Site Treatment, 
Storage, and Disposal Services 
and Capacity 

Drill cuttings and development water generated during well 
installation, and a small amount of purge groundwater generated 
during monitoring events would be easily disposed of at a licensed 
facility.   

Availability of Necessary 
Equipment and Specialists 

All materials, equipment, personnel and services required to 
construct and operate this alternative are readily available.   

Availability of Technology Technologies are readily available.   
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Cost 

Estimated Capital Costs Ranges from $4,256,500 to $9,168,300 

Estimated O&M Costs (Present 
Worth) 

Ranges from $1,126,300 to $1,149,800 

Total Estimated Costs  
 
(Incremental Cost for Potential 
Additional Area Treatment) 

Ranges from $5,399,400 to $10,315,100 
 
 
Ranges from $1,822,600 to $2,789,500 
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ISCO Only  

Option 
(years)  

ERD Only  
Option 
(years) 

ISSM Only 
Option 
(years) 

Combination 
Option 
(years) 

Areas A and B – Active Remediation 

Pre-design investigation, 
bench/treatability & field 
pilot testing, and predictive 
modeling+  

1.5 2 2 2 

System design report+ 0.5 0.5 0.5 0.5 

System installation+ 0.5 0.5 0.5 0.75 

Remedy implementation to 
achieve target 
concentrations* 

1 4 3 3 

Post-remediation MNA*† 8 8 8 8 

Areas A and B  
Cleanup Timeframe 11.5 15 14 14.25 

Area C - MNA 

Time to complete active 
remedy in Areas A and B 3.5 7 6 6.25 

MNA to achieve ICLs* 17 17 17 17 

Safety factor† 3 3 3 3 

Area C  
Cleanup Timeframe 23.5 27 26 26.25 

 
Notes: 
+  Timeframes are estimated based on professional judgment. 
*  Refer to Appendix E for calculations of ERD remedial timeframes; the timeframe for MNA to 

achieve ICLs includes three years of post-remediation monitoring.  Area C MNA timeframe 
represents years of MNA after remedy implementation is completed.  

† A three-year safety factor is intended to account for uncertainty in the model predictions of 
MNA timeframe due to potential non steady-state conditions in the downgradient plume 
(Section 4.2 of Appendix D).   

-  Maintenance of institutional controls would continue beyond the above-listed timeframes for 
continued protection of human health. 

 



Table 5-5   Estimated Cost for Alternative 2 (Page 1 of 2)

ISCO Only ERD Only ISSM Only Combination of ISCO, ERD & ISSM
Option Option Option ISCO ERD ISSM 

Portion Portion Portion

CAPITAL COSTS

Institutional Controls -$                  -$                  -$                  -$                

Pre-Design Investigation 80,800$         80,800$         80,800$         80,800$       

Predictive Modeling 15,000$         15,000$         15,000$         15,000$       

Technology Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 156,000$       145,200$       40,000$         128,400$     142,800$     40,000$       

System Design and Implementation Work Plan 50,400$         56,400$         95,000$         27,600$       56,400$       85,000$       
Site Preparation, Mob and DeMob 32,400$         42,400$         167,500$       13,400$       42,400$       87,500$       

Injection and Monitoring Network Installation 2,002,810$    368,144$       40,775$         316,695$     254,741$     15,119$       
Process Equipment Fabrication and Installation -$                  72,200$         -$                  -$                72,200$       -$                

Oxidant Cost 1,542,196$    -$                  -$                  231,329$     -$                -$                
Soil Mixing -$                  -$                  5,426,842$    -$                -$                915,526$     

Trenching and Piping -$                  99,360$         -$                  -$                91,080$       -$                
Oxidant Injection and Operation 1,501,600$    -$                  -$                  408,400$     -$                -$                
System Startup and Shakedown -$                  274,000$       -$                  -$                97,000$       -$                

Site Restoration -$                  -$                  33,550$         -$                -$                21,583$       
Subtotal 5,285,405$    1,057,704$    5,803,667$    1,125,824$  756,621$     1,164,727$  

Technology Performance Operation -$                  1,356,000$    -$                  904,000$     
Assumed Number of Years 0 3 0 2

Technology Performance Monitoring 88,000$         352,000$       264,000$       264,000$     
Assumed Number of Years 1 4 3 3

SUBTOTAL CAPITAL COSTS 5,469,200$    2,861,500$    6,163,500$    4,311,000$  

Contingency (25%) 1,367,300$    715,400$       1,540,900$    1,077,800$  

SUBTOTAL CAPITAL COSTS 6,836,500$    3,576,900$    7,704,400$    5,388,800$  

Project Management (5%) 341,800$       178,800$       385,200$       269,400$     
Remedial Design (8%) 546,900$       286,200$       616,400$       431,100$     
Construction Management (6%) 410,200$       214,600$       462,300$       323,300$     
Subtotal PM, RD and CM Costs 1,298,900$    679,600$       1,463,900$    1,023,800$  

TOTAL ESTIMATED CAPITAL COSTS 8,135,400$    4,256,500$    9,168,300$    6,412,600$  

O&M COSTS (Bold = Net Present value)

MNA and Long-Term Monitoring 1,022,000$    1,032,100$    $1,036,400 1,039,300$  
Assumed Number of Years 23.5 27 26 26.25

Maintenance of Institutional Controls 28,400$         30,000$         29,600$         29,700$       
Annual Cost 2,500$           2,500$           2,500$           2,500$         

Assumed Number of Years 23.5 27 26 26.25

5-Year Reviews 75,900$         80,800$         80,800$         80,800$       
Unit Cost 35,000$         35,000$         35,000$         35,000$       

Assumed Number of Reviews 5 6 6 6

TOTAL ESTIMATED O&M COSTS (NPV) 1,126,300$    1,142,900$    1,146,800$    1,149,800$  

TOTAL ESTIMATED CAPITAL COSTS 8,135,400$    4,256,500$    9,168,300$    6,412,600$  
TOTAL ESTIMATED O&M COSTS (NPV) 1,126,300$    1,142,900$    1,146,800$    1,149,800$  

TOTAL ESTIMATED REMEDIATION COSTS (NPV) 9,261,700$    5,399,400$    10,315,100$  7,562,400$  
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Table 5-5   Estimated Cost for Alternative 2 (Page 2 of 2)

ISCO Only ERD Only ISSM Only Combination of ISCO, ERD & ISSM
Option Option Option ISCO ERD ISSM 

Portion Portion Portion

Incremental Cost for 20% Additional Area for In-Situ Remediation

INCREMENTAL CAPITAL COSTS

Technology Design, Installation, and Startup
System Design and Implementation Work Plan 20,400$         20,400$         85,000$         -$                33,600$       -$                

Site Preparation, Mob and DeMob 14,600$         14,600$         82,500$         -$                44,400$       -$                
Injection and Monitoring Network Installation 430,001$       89,068$         15,119$         77,410$       65,291$       -$                

Process Equipment Fabrication and Installation -$                  16,200$         -$                  -$                14,700$       -$                
Oxidant Cost 308,439$       -$                  -$                  46,266$       -$                -$                

Soil Mixing -$                  -$                  1,177,368$    -$                -$                282,155$     
Trenching and Piping -$                  20,000$         -$                  -$                18,000$       -$                

Oxidant Injection and Operation 354,800$       -$                  -$                  153,700$     -$                -$                
Site Restoration -$                  -$                  22,110$         -$                -$                45,317$       

Subtotal 1,128,240$    160,268$       1,382,097$    277,376$     175,991$     327,471$     

Technology Performance Operation -$                  904,000$       -$                  904,000$     
Assumed Additional Number of Years 0 2 0 2

Technology Performance Monitoring 88,000$         176,000$       176,000$       176,000$     
Assumed Additional Number of Years 1 2 2 2

SUBTOTAL INCREMENTAL CAPITAL COSTS 1,216,200$    1,240,300$    1,558,100$    1,860,800$  

Contingency (25%) 304,100$       310,100$       389,500$       465,200$     

SUBTOTAL INCREMENTAL CAPITAL COSTS 1,520,300$    1,550,400$    1,947,600$    2,326,000$  

Project Management (5%) 76,000$         77,500$         97,400$         116,300$     
Remedial Design (8%) 121,600$       124,000$       155,800$       186,100$     
Construction Management (6%) 91,200$         93,000$         116,900$       139,600$     
Subtotal PM, RD and CM Costs 288,800$       294,500$       370,100$       442,000$     

ESTIMATED INCREMENTAL CAPITAL COSTS 1,809,100$    1,844,900$    2,317,700$    2,768,000$  

INCREMENTAL O&M COSTS (NPV)

Long-Term Monitoring 13,000$         19,800$         10,900$         20,800$       
Assumed Additional Number of Years 1 2 1 2

Maintenance of Institutional Controls 500$              700$              400$              700$            
Assumed Additional Number of Years 1 2 1 2

5-Year Reviews -$                  -$                  -$                  -$                
Assumed Additional Number of Reviews 0 0 0 0

ESTIMATED INCREMENTAL O&M COSTS (NPV) 13,500$         20,500$         11,300$         21,500$       

ESTIMATED INCREMENTAL CAPITAL COSTS 1,809,100$    1,844,900$    2,317,700$    2,768,000$  
ESTIMATED INCREMENTAL O&M COSTS (NPV) 13,500$         20,500$         11,300$         21,500$       

ESTIMATED INCREMENTAL REMEDIATION COSTS (NPV) 1,822,600$    1,865,400$    2,329,000$    2,789,500$  

Notes:
- Operations and maintenance (O&M) costs: Net Present Value (NPV) costs are in BOLD
- NPV calculations include a discount rate of 7 percent before tax and without inflation
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Table 5-6 Detailed Analysis of Alternative 3: Area A Containment Remedy, 

Barrier System at the Compliance Boundary, Area B In-Situ Remedy, 
and MNA in Area C 
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Evaluation Criteria 
Alternative 3: Area A Containment Remedy, Barrier System at the 
Compliance Boundary, Area B In-Situ Remedy, and MNA in Area 

C 

Overall Protection of Human Health and the Environment 

Human Health Protection Protection of human health and the environment would be achieved 
by attainment of remedial goals through a barrier system at the 
compliance boundary, active remediation followed by MNA in Area B, 
and MNA in Area C. 
 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, and 
are protective of human health.   
 
Shallow groundwater discharges to the Unnamed Stream 
downgradient of the landfill.  An active remedy would treat the 
groundwater in Area B, and in conjunction with the barrier system at 
the compliance boundary, improve the surface water quality. 
 
Long-term monitoring would be performed to evaluate risk to human 
health and the environment. 

Compliance with ARARs 

Chemical-Specific The goal of barrier system is to treat VOCs to chemical-specific ARAR 
(ICLs) at the compliance boundary in the short term.  The goal of the 
active remedy (ERD, ISCO, ISSM, or combination) is to treat VOCs to 
certain target concentrations that can be reduced to ICLs by MNA in 
Area B.  MNA would reduce VOCs in Area C to ICLs with the 
beneficial effects of the treated Area B and barrier system.  All 
contaminant concentrations at and downgradient of the compliance 
boundary would meet ICLs when all phases of remedy are completed 
(including MNA) with the following exception. 
 
Under the alternative barrier system alignment, the area located 
between the existing compliance boundary and the proposed barrier 
system alignment would not meet chemical-specific ARARs (i.e., 
achieve ICLs).  To achieve the ARARs using the alternative barrier 
system alignment, the compliance boundary will need to be modified 
to follow the proposed barrier system alignment.   
 
Monitoring would be performed to ensure attainment of ARARs. 

Location-Specific The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related ARARs.   

Action-Specific The barrier systems do not require permits for implementation.  
Substantive requirements for appropriate approvals for stream 
crossing by the barrier system and for active remediation (e.g., 
injection permit) would be met. 
 
Monitoring program under this alternative would comply with ARARs. 
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Drill cuttings and groundwater generated during well installation, and 
purge groundwater generated during the monitoring events would be 
disposed off in accordance with ARARs. 
 
Trench excavation for the barrier system would require disposal of 
approximately 400 cubic yards of soil.  An appropriate disposal option 
(e.g., disposal facility or disposal under onsite cap) would be identified 
prior to implementing the remedial alternative.  Same disposal options 
would be available for spent treatment materials, such as carbon or 
iron.   
 
Air emissions from the ex-situ groundwater treatment (air stripping) 
portion of the collection trench barrier system would be compared to 
the discharge levels that require an air discharge permit per the 
Vermont Air Pollution Control Regulations and federal ARARs.  Any 
treatment requirements for the air discharge will be considered during 
the design phase to meet the substantive requirement for air 
discharge and ensure compliance with the ARARs. 
 
The substantive requirements of a NPDES permit would have to be 
met to discharge the treated groundwater to on-site surface water for 
the collection trench barrier system. 

Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk The barrier system, active remediation and natural attenuation 
processes would reduce contaminant concentrations to remedial 
goals at and beyond the compliance boundary at which point there 
would be no residual risk outside the landfill.   
 
If the active remedies fail to achieve target concentrations due to the 
individual failure mechanisms identified in the Implementability section 
of this table, the remedy may need to be modified and/or the MNA 
timeframe to achieve ICLs and the magnitude of residual risk would 
increase. 

Adequacy and Reliability of 
Controls 

Active remedial systems (barrier system and ERD, ISCO, ISSM, or 
combination) would be maintained to remain reliable. 
 
Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.   
 
A five-year review program would assess the extent to which human 
health is protected.   
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Reduction of Toxicity, Mobility or Volume (continued) 

Treatment Process Used and 
Materials Treated 

The groundwater collection trench system would collect site 
groundwater and treat it on-site by air stripping and activated carbon 
(if needed) for discharge to on-site surface water.  Alternatively, the 
zero-valent iron PRB would treat contaminated groundwater in-situ as 
it moved through the reactive media. 
 
MNA uses a monitoring component to confirm that natural processes 
are capable of reducing contaminant concentrations over time to meet 
ARARs. 
 
The active remedy, ERD, ISCO, ISSM, or combination, with MNA 
would treat groundwater contaminants in-situ and produce non-toxic 
treatment residuals.  Permanganate would be used in the ISCO 
process, which converts to non-toxic manganese dioxide after 
reacting with and destroying the organic materials.  Additives for ERD 
(e.g., lactate, benzoate, vegetable oil) are non-toxic and easily 
biodegraded in subsurface to simple organic carbon, which is 
consumed by microorganisms.  Amendments for ISSM (e.g., zero-
valent iron and ERD additives) are non-toxic. 

Amount Destroyed or Treated The PRB would treat approximately 0.6 million gallons of groundwater 
that flow through it every year, whereas the groundwater collection 
trench system would extract and treat approximately 1.2 million 
gallons of groundwater every year. 
 
The active remedy in Area B would treat up to 13,560 cubic yards of 
saturated zone.  The size and location of the active treatment area 
would be refined based on pre-design investigation results from Area 
B.  

Degree of Expected Reductions 
of Toxicity, Mobility, or Volume 
through Treatment 

The barrier system options (collection trench and PRB) control 
toxicity, mobility and volume of contaminated groundwater.  The 
barrier system would effectively limit the continued transport of 
groundwater contamination beyond the compliance boundary. 
 
The active remedy (ERD, ISCO, ISSM, or combination) and natural 
attenuation processes would reduce the mass and volume of 
contamination and eventually reduce contaminant concentrations to 
remedial goals.   

Degree to Which Treatment is 
Irreversible 

Treatment through PRB and removal of contaminated groundwater in 
the collection trench irreversibly removes contaminant mass from the 
aquifer.  The PRB destroys the contaminants as the groundwater 
passes through the media.  Depending on the treatment technology 
for groundwater intercepted by the collection trench, the contaminant 
mass may be transferred to another media (e.g. air stripping to vapor 
phase). 
 
Active remedy (ERD, ISCO, ISSM, or combination), and follow up 
natural attenuation process is irreversible. 
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Reduction of Toxicity, Mobility or Volume (continued) 

Type and Quantity of Residuals 
Remaining after Treatment 

The zero-valent iron PRBs completely mineralize chlorinated ethenes 
(e.g. PCE, TCE) into carbon dioxide, chloride, and water.  The zero-
valent iron PRB media could be left in place or may require off-Site 
disposal upon completion of the remedial action. 
 
The ex-situ groundwater treatment of the collection trench barrier 
system option would use an on-site air stripper, and result in the 
discharge of volatile contaminants in air.  Treatment of collected 
groundwater with activated carbon would require reactivation or 
disposal of the spent carbon.   
 
Complete mineralization by ISCO reduces chlorinated ethenes (e.g., 
PCE, TCE) into non-toxic compounds including carbon dioxide and 
chloride ion.  ERD and biological transformations during MNA reduce 
the compounds into biomass, methane / ethane / ethene and chloride 
ions.  Incomplete dehalogenation in anaerobic areas of the plume 
may result in increases in concentrations of vinyl chloride, which is 
more toxic than the parent compounds TCE and PCE.  However, as 
groundwater conditions become aerobic, vinyl chloride is degraded 
through biological oxidation.  Monitoring would be conducted and 
appropriate adjustments would be made if vinyl chloride 
concentrations are not responding to the remedial action.  The zero-
valent iron amendment of ISSM completely mineralizes chlorinated 
ethenes into carbon dioxide, chloride, and water.  
 
The goal of active remedy is to reduce VOCs to certain target 
concentrations that can be reduced to ICLs by MNA.  All contaminant 
concentrations at and downgradient of the compliance boundary 
would meet ICLs when all phases of remedy are completed (including 
MNA). 
 
If the active remedy fails to achieve target concentrations due to one 
of both of the failure mechanisms identified in the Implementability 
section of this table, additional time would be needed for revising the 
approach, with possible reapplication of the active remedy. 

Short-Term Effectiveness 

Protection of Community During 
Remedial Action 

Implementation of the remedy would not have significant impacts on 
the local community.  All portions of the treatment areas are within the 
property boundaries.   

Protection of Workers During 
Remedial Action 

Short-term risks to workers would be mitigated by use of appropriate 
procedures and personal protective equipment (PPE).   

Environmental Impacts Although the construction of a groundwater collection system or PRB 
is fairly intrusive, construction, operation and maintenance of the 
system would not pose significant environmental impacts.  Suitable 
measures would be implemented during construction to control dust, 
surface water runoff and noise. 
 
Under the collection trench alternative, treated groundwater would be 



 
Table 5-6 Continued (Page 5 of 6) 
 
 

Burgess Brothers Superfund Site, Bennington and Woodford, Vermont Focused Feasibility Study Report, July 2011 
 

discharged to on-site surface water in accordance with permit 
conditions.  Appropriate air emission control measures would be 
implemented, if needed. 
 
The remedy would be designed to have minimal impact on the 
environment.  Active remedy would be designed to limit the amount of 
additives that may be discharge to surface water.  Construction, 
operation and maintenance of the active remedy system should not 
pose significant environmental impacts.  Suitable measures would be 
implemented during construction to control dust, surface water runoff 
and noise. 

Time Until Remedial Action 
Objectives are Achieved 

Between 24 to 27.5 years (estimated) 
 
If the proposed remedy fails to achieve target concentrations at and/or 
downgradient of the compliance boundary due the failure mechanism 
identified in the Implementability section of this table, additional time 
would be needed for revising the approach.  This may entail 
enhancement of the barrier system, reapplication of the active 
remedy. 

Implementability 

Ability to Construct and Operate 
the Technology 

The barrier system (PRB or collection trench) is implementable. 
If collection trenches are implemented, ex-situ groundwater treatment 
systems are mature technologies that can easily be constructed and 
operated.   
 
MNA does not require a construction effort.  Monitoring of the natural 
degradation processes is used to confirm the effectiveness of MNA. 
 
Construction and operation of the active remedy is standard and 
would pose no special problems.   
 

Reliability of the Technology Collection trench, PRB, ERD, ISCO, ISSM and MNA are feasible 
technologies for remediation of chlorinated ethenes.  Pre-design 
subsurface investigation, predictive modeling and treatability studies, 
as appropriate would assess the reliability and effectiveness of the 
proposed remedy for the site.   
 
Potential failure mechanisms for the barrier system remedy to meet 
remedial goals at the compliance boundary are inadequate design 
criteria or improper installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies and construction 
quality control.  If target concentrations are not achieved, additional 
time would be needed for revising the approach, with possible 
enhancement of the barrier remedies. 
 
A potential failure mechanism for the active remedy (ERD, ISCO, 
ISSM, or combination) to meet remedial goals in Area B is inadequate 
distribution of amendments required for remedy to proceed.  For ERD 
and ISCO, the low permeability target area soil (kame sand and 
ablation till) and potential subsurface heterogeneity increase the 
difficulty of distributing amendments (e.g., electron donor, oxidant) 
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that are required for treatment.  If target concentrations are not 
achieved, additional time would be needed for revising the approach, 
with possible reapplication of the active remedy. 
 

Ease of Undertaking Additional 
Remedial Actions, if necessary 

Additional actions can be easily implemented in the future, if 
warranted.   

Ability to Monitor the 
Effectiveness of Remedy 

Monitoring to assess contaminant status would pose no 
implementability concerns.   

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Coordination with appropriate federal, state, and local agencies may 
be required for the barrier system stream crossing. 
 
Coordination with appropriate federal, state, and local agencies may 
be required for the use of chemicals (e.g., oxidant) required to 
implement the active remedy. 

Availability of Off-Site 
Treatment, Storage, and 
Disposal Services and Capacity 

Trench excavation for the barrier system would require disposal of 
approximately 400 cubic yards of soil.  An appropriate disposal option 
(e.g., disposal facility or disposal under onsite cap) would be identified 
prior to implementing the remedial alternative.  Same disposal options 
would be available for spent treatment materials, such as carbon or 
iron.   
 
Soil cutting and development water generated during well installation, 
and small amount of purge groundwater generated during monitoring 
events would be easily disposed off by appropriate disposal options. 

Availability of Necessary 
Equipment and Specialists 

All materials, equipment, personnel and services required to construct 
and operate this alternative are readily available.   

Availability of Technology Technologies are readily available.   

Cost 

Estimated Capital Costs Ranges from $3,068,300 to $4,831,200 

Estimated O&M Costs (Present 
Worth) 

Ranges from $1,570,300 to $2,158,900 

Total Estimated Costs  Ranges from $4,655,200 to $6,797,000 
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ISCO Only  

Option 
(years)  

ERD Only  
Option 
(years) 

ISSM Only 
Option 
(years) 

Combination 
Option 
(years) 

Area A – Barrier at Compliance Boundary 

Pre-design investigation 
(PDI), bench/treatability, 
and predictive modeling+  

1.5 2 2 2 

System design report+ 0.5 0.5 0.5 0.5 

Barrier system installation+ 0.5 0.5 0.5 0.5 

Barrier system operation, 
maintenance and 
monitoring+ 

100 100 100 100 

Area A 
Remedy Timeframe 100 100 100 100 

Area B – Active Remediation 

(PDI), bench/treatability & 
field pilot testing, predictive 
modeling, in-situ remedy 
system installation 
(concurrent with Area A 
barrier)+ 

2.5 3 3 3.25 

Remedy implementation to 
achieve target 
concentrations* 

1 4 3 3 

Post-remediation MNA*† 8 8 8 8 

Area B  
Cleanup Timeframe 11.5 15 14 14.25 

Area C - MNA 

Time to complete active 
remedy in Area B 3.5 7 6 6.25 

MNA to achieve ICLs* 17 17 17 17 

Safety factor† 3 3 3 3 

Area C  
Cleanup Timeframe 23.5 27 26 26.25 
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Notes: 
+  Timeframes are estimated based on professional judgment. 
*  Refer to Appendix E for calculations of ERD remedial timeframes; the timeframe for MNA to 

achieve ICLs includes three years of post-remediation monitoring. Area C MNA timeframe 
represents years of MNA after remedy implementation is completed. 

† A three-year safety factor is intended to account for uncertainty in the model predictions of 
MNA timeframe due to potential non steady-state conditions in the downgradient plume 
(Section 4.2 of Appendix D).   

-  Maintenance of institutional controls would continue beyond the above-listed timeframes for 
continued protection of human health. 

 



Table 5-8   Estimated Cost for Alternative 3 (Page 1 of 2)

ISCO Only Option ERD Only Option ISSM Only Option Combination of ISCO, ERD & ISSM
ISCO ERD ISSM

PRB Collection PRB Collection PRB Collection PRB Collection
Trench Trench Trench Trench

CAPITAL COSTS

Institutional Controls -$                   -$                   -$                   -$                   -$                   -$                   -$                 -$                 

Pre-Design Investigation 84,450$         84,450$         84,450$         84,450$         84,450$         84,450$         84,450$       84,450$       

Predictive Modeling 35,000$         35,000$         35,000$         35,000$         35,000$         35,000$         35,000$       35,000$       

Containment Design, Installation and Startup
Treatability/Bench Scale and Field Pilot Test 29,000$         -$                   29,000$         -$                   29,000$         -$                   29,000$       -$                 

System Design and Implementation Work Plan 41,000$         45,000$         41,000$         45,000$         41,000$         45,000$         41,000$       45,000$       
Site Preparation, Mob and DeMob 9,500$           35,700$         9,500$           35,700$         9,500$           35,700$         9,500$         35,700$       

System Construction 547,916$       303,047$       547,916$       303,047$       547,916$       303,047$       547,916$     303,047$     
Process Equipment Fabrication and Installation -$                   60,000$         -$                   60,000$         -$                   60,000$         -$                 60,000$       

Trenching and Piping -$                   40,480$         -$                   40,480$         -$                   40,480$         -$                 40,480$       
Operation Startup 25,500$         45,000$         25,500$         45,000$         25,500$         45,000$         25,500$       45,000$       

Subtotal 652,916$       529,227$       652,916$       529,227$       652,916$       529,227$       652,916$     529,227$     

In-Situ Technology Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 156,000$       156,000$       145,200$       145,200$       40,000$         40,000$         128,400$     142,800$     40,000$       

System Design and Implementation Work Plan 50,400$         50,400$         56,400$         56,400$         78,000$         78,000$         27,600$       56,400$       78,000$       
Site Preparation, Mob and DeMob 32,400$         32,400$         42,400$         42,400$         57,500$         57,500$         13,400$       42,400$       57,500$       

Injection and Monitoring Network Installation 609,633$       609,633$       114,114$       114,114$       24,237$         24,237$         102,364$     86,966$       14,479$       
Process Equipment Fabrication and Installation -$                   -$                   59,200$         59,200$         -$                   -$                   -$                 59,200$       -$                 

Oxidant Cost 575,948$       575,948$       -$                   -$                   -$                   -$                   86,392$       -$                 -$                 
Soil Mixing -$                   -$                   -$                   -$                   2,105,749$    2,105,749$    . -$                 413,362$     

Trenching and Piping -$                   -$                   26,263$         26,263$         -$                   -$                   -$                 23,875$       -$                 
Oxidant Injection and Operation 558,950$       558,950$       -$                   -$                   -$                   -$                   162,300$     -$                 -$                 
System Startup and Shakedown -$                   -$                   77,000$         77,000$         -$                   -$                   -$                 72,000$       -$                 

Site Restoration -$                   -$                   -$                   -$                   26,940$         26,940$         -$                 -$                 20,591$       
Subtotal 1,983,331$    1,983,331$    520,577$       520,577$       2,332,427$    2,332,427$    520,456$     483,641$     623,933$     

In-Situ Technology Performance Operation -$                   -$                   579,000$       579,000$       -$                   -$                   386,000$     
Assumed Number of Years 0 0 3 3 0 0 2

In-Situ Technology Performance Monitoring 47,680$         47,680$         190,720$       190,720$       143,040$       143,040$       143,040$     
Assumed Number of Years 1 1 4 4 3 3 3

SUBTOTAL CAPITAL COSTS 2,803,400$    2,679,700$    2,062,700$    1,939,000$    3,247,800$    3,124,100$    2,929,400$  2,805,700$  

Contingency (25%) 700,900$       669,900$       515,700$       484,800$       812,000$       781,000$       732,400$     701,400$     

SUBTOTAL CAPITAL COSTS 3,504,300$    3,349,600$    2,578,400$    2,423,800$    4,059,800$    3,905,100$    3,661,800$  3,507,100$  

Project Management (5%) 175,200$       167,500$       128,900$       121,200$       203,000$       195,300$       183,100$     175,400$     
Remedial Design (8%) 280,300$       268,000$       206,300$       193,900$       324,800$       312,400$       292,900$     280,600$     
Construction Management (6%) 210,300$       201,000$       154,700$       145,400$       243,600$       234,300$       219,700$     210,400$     
Subtotal PM, RD and CM Costs 665,800$       636,500$       489,900$       460,500$       771,400$       742,000$       695,700$     666,400$     

TOTAL ESTIMATED CAPITAL COSTS 4,170,100$    3,986,100$    3,068,300$    2,884,300$    4,831,200$    4,647,100$    4,357,500$  4,173,500$  
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Table 5-8   Estimated Cost for Alternative 3 (Page 2 of 2)

ISCO Only Option ERD Only Option ISSM Only Option Combination of ISCO, ERD & ISSM
ISCO ERD ISSM

PRB Collection PRB Collection PRB Collection PRB Collection
Trench Trench Trench Trench

O&M COSTS (Bold = Net Present Value)

Treatment System Maintenance
PRB Media Cleaning ($20,000/event @ Year 12.5, 37.5, 62.5 and 87.5) 10,600$         -$                   10,600$         -$                   10,600$         -$                   10,600$       -$                 

PRB Media Change-Out ($652,916/event @ Year 25, 50 and 75) 146,600$       -$                   146,600$       -$                   146,600$       -$                   146,600$     -$                 
Collection Trench Operation and Maintenance -$                   630,700$       -$                   630,700$       -$                   630,700$       -$                 630,700$     

Annual Cost of the Collection Trench Operations and Maintenance - 44,200$         - 44,200$         - 44,200$         - 44,200$       
Assumed Number of Years 100 100 100 100 100 100 100 100

Subtotal 157,200$       630,700$       157,200$       630,700$       157,200$       630,700$       157,200$     630,700$     

Treatment System Monitoring 286,800$       372,400$       286,800$       372,400$       286,800$       372,400$       286,800$     372,400$     
Annual Cost 20,100$         26,100$         20,100$         26,100$         20,100$         26,100$         20,100$       26,100$       

Assumed Number of Years 100 100 100 100 100 100 100 100

MNA and Long-Term Monitoring 1,022,000$    1,022,000$    1,032,100$    1,032,100$    1,036,400$    1,036,400$    1,039,300$  1,039,300$  
Assumed Number of Years 23.5 23.5 27 27 26 26 26.25 26.25

Maintenance of Institutional Controls 28,400$         28,400$         30,000$         30,000$         29,600$         29,600$         29,700$       29,700$       
Annual Cost 2,500$           2,500$           2,500$           2,500$           2,500$           2,500$           2,500$         2,500$         

Assumed Number of Years 23.5 23.5 27 27 26 26 26.25 26.25

5-Year Reviews 75,900$         75,900$         80,800$         80,800$         80,800$         80,800$         86,800$       86,800$       
Unit Cost 35,000$         35,000$         35,000$         35,000$         35,000$         35,000$         35,000$       35,000$       

Assumed Number of Reviews 5 5 6 6 6 6 6 6

TOTAL ESTIMATED O&M COSTS (NPV) 1,570,300$    2,129,400$    1,586,900$    2,146,000$    1,590,800$    2,149,900$    1,599,800$  2,158,900$  

TOTAL ESTIMATED CAPITAL COSTS 4,170,100$    3,986,100$    3,068,300$    2,884,300$    4,831,200$    4,647,100$    4,357,500$  4,173,500$  
TOTAL ESTIMATED O&M COSTS (NPV) 1,570,300$    2,129,400$    1,586,900$    2,146,000$    1,590,800$    2,149,900$    1,599,800$  2,158,900$  

TOTAL ESTIMATED REMEDIATION COSTS (NPV) 5,740,400$    6,115,500$    4,655,200$    5,030,300$    6,422,000$    6,797,000$    5,957,300$  6,332,400$  

Total Estimated Cost for Remediation of Areas B and C (NPV)

Notes:
- Operations and maintenance (O&M) costs: Net Present Value (NPV) costs are in BOLD
- NPV calculations include a discount rate of 7 percent before tax and without inflation

3,946,700$                              2,890,100$                              4,601,100$                              4,145,500$                                                 

Burgess Brothers Superfund Site, Bennington and Woodford, Vermont Focused Feasibility Study Report, July 2011



 
Table 5-9 Detailed Analysis of Alternative 4: Areas A and B Containment 

Remedy, Barrier System at the Compliance Boundary, a Second 
Barrier System for Area B, and MNA in Area C (Remedy Optimization: 
Area B In-Situ Remedy) 
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Evaluation Criteria 

Alternative 4: Areas A and B Containment Remedy, Barrier 
System at the Compliance Boundary, a Second Barrier System for 
Area B, and MNA in Area C (Remedy Optimization: Area B In-Situ 

Remedy) 

Overall Protection of Human Health and the Environment 

Human Health Protection Protection of human health and the environment would be achieved by 
attainment of remedial goals through two barrier systems (one near the 
compliance boundary and the second in Area B) and MNA in Area C. 
 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, and 
are protective of human health.   
 
Section of the Unnamed Stream in Area B will be lined to prevent 
groundwater discharge to the surface water.  Shallow groundwater will 
continue to discharge to the Unnamed Stream downgradient of the 
second barrier system.  The barrier systems would improve the 
surface water quality. 
 
Long-term monitoring would be performed to evaluate risk to human 
health and the environment. 

Compliance with ARARs 

Chemical-Specific The goal of the barrier systems is to treat VOCs to chemical-specific 
ARAR (ICLs) in the short term.  Natural attenuation processes with the 
beneficial effects of the barrier systems would reduce VOCs in Areas B 
and C to ICLs.  All contaminant concentrations at and downgradient of 
the compliance boundary would meet ICLs when all phases of remedy 
are completed (including MNA) with the following exception. 
 
Under the alternative barrier system alignment for the compliance 
boundary system, the area located between the existing compliance 
boundary and the proposed barrier system alignment would not meet 
chemical-specific ARARs (i.e., achieve ICLs).  To achieve the ARARs 
using the alternative barrier system alignment, the compliance 
boundary will need to be modified to follow the proposed barrier 
system alignment.   
 
In addition to the two barrier systems and MNA, the option for remedial 
optimization through active in-situ remediation in Area B (ERD, ISCO, 
ISSM, or combination) is also included in this alternative.  The 
optimization remedy would be implemented in the event that the 
estimated MNA timeframe for Area B is expected to exceed the 
operational life of the first reactive media bed in the Area B PRB.  The 
goal of implementing the optimization remedy would be to avoid 
replacement of the reactive media in the Area B PRB.  
. 
Monitoring would be performed to ensure attainment of ARARs. 
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Compliance with ARARs (continued) 

Location-Specific The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related ARARs.   

Action-Specific The barrier systems do not require permits for implementation.  
However, substantive requirements for appropriate approvals for 
stream crossing by the barrier system and lining of the stream in Area 
B would be met. 
 
Monitoring program under this alternative would comply with ARARs. 
 
Drill cuttings and groundwater generated during well installation, and 
purge groundwater generated during the monitoring events would be 
disposed off in accordance with ARARs. 
 
Trench excavation for the barrier systems would require disposal of 
approximately 750 cubic yards of soil.  An appropriate disposal option 
(e.g., disposal facility or disposal under onsite cap) would be identified 
prior to implementing the remedial alternative.  Same disposal options 
would be available for spent treatment materials, such as carbon or 
iron.   
 
Air emissions from the ex-situ groundwater treatment (air stripping) 
portion of the collection trench barrier system would be compared to 
the discharge levels that require an air discharge permit per the 
Vermont Air Pollution Control Regulations and federal ARARs.  Any 
treatment requirements for the air discharge will be considered during 
the design phase to meet the substantive requirement for air discharge 
and ensure compliance with the ARARs. 
 
Appropriate permits for the optimization (active remedy) in Area B 
(e.g., an injection permit) would be obtained from appropriate 
authorities to ensure compliance with ARARs. 
 
The substantive requirements of a NPDES permit would have to be 
met to discharge the treated groundwater to on-site surface water for 
the collection trench barrier system. 

Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk The barrier system and natural attenuation processes would reduce 
contaminant concentrations to remedial goals at and beyond the 
compliance boundary at which point there would be no residual risk 
outside the landfill.  The exception to this reduction in concentration is 
the area between the Compliance Boundary and the Alternative Barrier 
System Alignment where contaminant concentrations would be 
reduced by MNA alone, and require a longer timeframe. 
 
The optimization remedy in Area B would further reduce contaminant 
concentrations if implemented.  If the active remedies fail to achieve 
target concentrations due to the individual failure mechanisms 
identified in the Implementability of this table, the remedy would need 
to be modified. 
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Long-Term Effectiveness and Permanence (continued) 

Adequacy and Reliability of 
Controls 

The barrier systems would be maintained to remain reliable. 
 
Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of institutional 
controls would depend on enforcement.   
 
A five-year review program would assess the extent to which human 
health and the environment are protected.   

Reduction of Toxicity, Mobility or Volume 

Treatment Process Used and 
Materials Treated 

The groundwater collection trench systems would collect site 
groundwater and treat it on-site by air stripping and activated carbon (if 
needed) for discharge to on-site surface water.  Alternatively, the zero-
valent iron PRBs would treat contaminated groundwater in-situ as it 
moved through the reactive media. 
 
MNA uses a monitoring component to confirm that natural processes 
are capable of reducing contaminant concentrations over time to meet 
ARARs. 
 
The optimization remedy, ERD, ISCO, ISSM or combination, with MNA 
would treat groundwater contaminants in-situ and produce non-toxic 
treatment residuals.  Permanganate would be used in the ISCO 
process, which converts to non-toxic manganese dioxide after reacting 
with and destroying the organic materials.  Additives for ERD (e.g., 
lactate, benzoate, vegetable oil) are non-toxic and easily biodegraded 
in subsurface to simple organic carbon, which is consumed by 
microorganisms.  Amendments for ISSM (e.g., zero-valent iron and 
ERD additives) are non-toxic. 

Amount Destroyed or Treated The PRB would treat approximately one million gallons of groundwater 
that flow through it every year.  In the long term, some groundwater will 
flow through both PRBs.   
 
The groundwater collection trench system would extract and treat 
approximately two million gallons of groundwater every year.  
 
The optimization remedy (if implemented) in Area B would treat up to 
13,560 cubic yards of saturated zone.  The size and location of the 
optimization area would be refined based on monitoring results from 
Area B. 

Degree of Expected Reductions 
of Toxicity, Mobility, or Volume 
through Treatment 

The barrier system options (collection trench and PRB) control toxicity, 
mobility and volume of contaminated groundwater.  One barrier system 
would effectively limit the continued transport of groundwater 
contamination past the compliance boundary.  The second barrier 
system would effectively limit the continued transport of groundwater 
contamination from Area B into Area C. 
 
The natural attenuation processes would reduce the mass and volume 
of contamination and eventually reduce contaminant concentrations to 
remedial goals.   
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If optimization is required, it (ERD, ISCO, ISSM or combination) would 
also reduce the mass and volume of contamination. 

Degree to Which Treatment is 
Irreversible 

Treatment through PRB and removal of contaminated groundwater in 
the collection trench irreversibly removes contaminant mass from the 
aquifer.  The PRB destroys the contaminants as the groundwater 
passes through the media.  Depending on the treatment technology for 
groundwater intercepted by the collection trench, the contaminant 
mass may be transferred to another media (e.g. air stripping to vapor 
phase). 
 
The natural attenuation process is irreversible. 
 
Treatment by the optimization remedy, ERD, ISCO, ISSM or 
combination, is also irreversible. 

Type and Quantity of Residuals 
Remaining after Treatment 

The zero-valent iron PRBs completely mineralize chlorinated ethenes 
(e.g. PCE, TCE) into carbon dioxide, chloride, and water.  The zero-
valent iron PRB media could be left in place or may require off-Site 
disposal upon completion of the remedial action. 
 
The ex-situ groundwater treatment of the collection trench barrier 
system option would use an on-site air stripper, and result in the 
discharge of volatile contaminants in air.  Treatment of collected 
groundwater with activated carbon would require reactivation or 
disposal of the spent carbon.   
 
Biological transformations during MNA reduce the compounds into 
biomass, methane / ethane / ethene and chloride ions.  Incomplete 
dehalogenation in anaerobic areas of the plume may result in 
increases in concentrations of vinyl chloride, which is more toxic than 
the parent compounds TCE and PCE.  However, as groundwater 
conditions become aerobic, vinyl chloride is degraded through 
biological oxidation.  Monitoring would be conducted and appropriate 
adjustments would be made if vinyl chloride concentrations increase at 
any time during the remedial phase. 
 
All contaminant concentrations at and downgradient of the compliance 
boundary would meet ICLs when all phases of remedy are completed 
(including MNA). 
 
With the optimization remedy, ISCO, ERD, ISSM or combination would 
be used to destroy contaminant mass while minimizing treatment 
residuals.  Complete mineralization by ISCO reduces chlorinated 
ethenes (e.g., PCE, TCE) into non-toxic compounds including carbon 
dioxide and chloride ion.  ERD and biological transformations during 
MNA reduce the compounds into biomass, methane / ethane / ethene 
and chloride ions.  Monitoring would be conducted and appropriate 
adjustments (e.g., addition of appropriate amendment) would be made 
if vinyl chloride concentrations are not responding to the remedial 
action.  The zero-valent iron amendment of ISSM completely 
mineralizes chlorinated ethenes into carbon dioxide, chloride, and 
water.   
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Short-Term Effectiveness 

Protection of Community During 
Remedial Action 

Implementation of the remedy would not have significant impacts on 
the local community.  All portions of the treatment areas are within the 
property boundaries.   

Protection of Workers During 
Remedial Action 

Short-term risks to workers would be mitigated by use of appropriate 
procedures and personal protective equipment (PPE).   

Environmental Impacts Although the construction of a groundwater collection system or PRB 
is fairly intrusive, construction, operation and maintenance of the 
system would not pose significant environmental impacts.  Suitable 
measures would be implemented during construction to control dust, 
surface water runoff and noise. 
 
Under the collection trench alternative, treated groundwater would be 
discharged to on-site surface water in accordance with permit 
conditions.  Appropriate air emission control measures would be 
implemented, if needed. 
 
The optimization remedy would be designed to have minimal impact 
on the environment by limiting the amount of additives that may be 
discharge to surface water.  Construction, operation and maintenance 
of the active remedy system should not pose significant environmental 
impacts.  Suitable measures would be implemented during 
construction to control dust, surface water runoff and noise. 

Time Until Remedial Action 
Objectives are Achieved 

35 years (estimated) 
 
If the proposed remedy fails to achieve target concentrations at and/or 
downgradient of the compliance boundary due the failure mechanism 
identified in the Implementability section of this table, additional time 
would be needed for revising the approach.  This may entail 
enhancement of the barrier system, or implementation of the 
optimization remedy. 

Implementability 

Ability to Construct and Operate 
the Technology 

The barrier system (PRB or collection trench) is implementable. 
If collection trenches are implemented, ex-situ groundwater treatment 
systems are mature technologies that can easily be constructed and 
operated   
 
Construction and operation of the optimization remedy is standard and 
would pose no special problems.   
 
MNA does not require a construction effort.  Monitoring of the natural 
degradation processes is used to confirm the effectiveness of MNA.  
 

Reliability of the Technology Collection trench, PRB and MNA are feasible technologies for 
remediation of chlorinated ethenes.  Pre-design subsurface 
investigation, predictive modeling and treatability studies, as 
appropriate would assess the reliability and effectiveness of the 
proposed remedy for the site.   
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Optimization remedies ERD, ISCO and ISSM are also feasible 
technologies, and appropriate bench-scale and pilot/field-scale testing 
would assess the reliability and effectiveness of the remedies for the 
site.   
 
Potential failure mechanisms for the barrier system remedy to meet 
remedial goals at the compliance boundary are inadequate design 
criteria or improper installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies and construction 
quality control.  If target concentrations are not achieved, additional 
time would be needed for revising the approach, with possible 
enhancement of the barrier remedies. 
 

Ease of Undertaking Additional 
Remedial Actions, if necessary 

Additional actions can be easily implemented in the future, if 
warranted.   

Ability to Monitor the 
Effectiveness of Remedy 

Monitoring to assess contaminant status would pose no 
implementability concerns.   

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Coordination with appropriate federal, state, and local agencies may 
be required for the barrier system stream crossing and for lining the 
Unnamed Stream in Area B.   
 
Coordination with appropriate federal, state, and local agencies may 
be required for the use of chemicals (e.g., oxidant) required to 
implement the optimization remedy. 

Availability of Off-Site 
Treatment, Storage, and 
Disposal Services and Capacity 

Trench excavation for the barrier systems would require disposal of 
approximately 750 cubic yards of soil.  An appropriate disposal option 
(e.g., disposal facility or disposal under onsite cap) would be identified 
prior to implementing the remedial alternative.  Same disposal options 
would be available for spent treatment materials, such as carbon or 
iron.   
 
Soil cutting and development water generated during well installation, 
and small amount of purge groundwater generated during monitoring 
events would be easily disposed off by appropriate disposal options. 

Availability of Necessary 
Equipment and Specialists 

All materials, equipment, personnel and services required to construct 
and operate this alternative are readily available.   

Availability of Technology Technologies are readily available.   

Cost 

Estimated Capital Costs Ranges from $1,363,200 to $1,790,100 

Estimated O&M Costs (Present 
Worth) 

Ranges from $1,691,300 to $2,594,000 

Total Estimated Costs  
 
(Incremental Cost for Potential 
Remedy Optimization) 

Ranges from $3,481,400 to $3,957,200 
 
 
Ranges from $1,919,300 to $3,682,400 
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 Timeframe 
(years)  

Area A – Barrier at Compliance Boundary 

Pre-design investigation (PDI), bench/treatability testing, 
and predictive modeling+  1.5 

System design report+ 0.5 

System installation+ 0.5 

Compliance boundary barrier system operation, 
maintenance and monitoring+ 100 

Area A 
Remedy Timeframe 100 

Area B – Downgradient Barrier, MNA  

Pre-design investigation (PDI), bench/treatability testing, 
and predictive modeling, system design report, system 
installation (concurrent with Area A barrier)  

2.5 

MNA to achieve ICLs in Area B* 33 

Area B barrier system operation, maintenance and 
monitoring (same as Area B MNA timeframe) 33 

Area B 
Cleanup Timeframe 35.5 

Area C - MNA 

Time to implement Area B barrier 2.5 

MNA to achieve ICLs in Area C* 17 

Safety factor† 3 

Area C 
Cleanup Timeframe 22.5 

 
Notes: 
+  Timeframes are estimated based on professional judgment. 
*  Refer to Appendix E for calculations of MNA remedial timeframes; the timeframe for MNA to 

achieve ICLs includes three years of post-remediation monitoring.  Area C MNA timeframe 
represents years of MNA after remedy implementation is completed. 

† A three-year safety factor is intended to account for uncertainty in the model predictions of 
MNA timeframe due to potential non steady-state conditions in the downgradient plume 
(Section 4.2 of Appendix D).   

-  Maintenance of institutional controls would continue beyond the above-listed timeframes for 
continued protection of human health. 

 



Table 5-11   Estimated Cost for Alternative 4 (Page 1 of 2)

PRB Collection Trench

CAPITAL COSTS

Institutional Controls -$                  -$                

Pre-Design Investigation 72,000$         72,000$       

Predictive Modeling 35,000$         35,000$       

Containment Design, Installation and Startup
Treatability/Bench Scale and Field Pilot Test 41,000$         -$                

System Design and Implementation Work Plan 60,200$         63,600$       
Site Preparation, Mob and DeMob 12,000$         38,200$       

System Construction 934,561$       509,037$     
Process Equipment Fabrication and Installation -$                  64,600$       

Trenching and Piping -$                  52,480$       
Operation Startup 48,600$         81,600$       

Subtotal 1,096,361$    809,517$     

SUBTOTAL CAPITAL COSTS 1,203,400$    916,500$     

Contingency (25%) 300,900$       229,100$     

SUBTOTAL CAPITAL COSTS 1,504,300$    1,145,600$  

Project Management (5%) 75,200$         57,300$       
Remedial Design (8%) 120,300$       91,600$       
Construction Management (6%) 90,300$         68,700$       
Subtotal PM, RD and CM Costs 285,800$       217,600$     

TOTAL ESTIMATED CAPITAL COSTS 1,790,100$    1,363,200$  

O&M COSTS (Bold = Net Present Value)

Treatment System Maintenance
PRB Media Cleaning ($35,000/event @ Year 12.5, 37.5, 62.5 and 87.5) 18,400$         -$                

PRB Media Change-Out ($1,203,361/event @ Year 25, 50 and 75) 246,100$       -$                
Collection Trench Operation and Maintenance -$                  1,003,100$  

Annual Cost of the Collection Trench Operations and Maintenance - 70,300$       
Assumed Number of Years 100 100

Subtotal 264,500$       1,003,100$  

Treatment System Monitoring 328,200$       492,300$     
Annual Cost 23,000$         34,500$       

Assumed Number of Years 100 100

MNA and Long-Term Monitoring 979,300$       979,300$     
Assumed Number of Years 35.5 35.5

Maintenance of Institutional Controls 32,500$         32,500$       
Annual Cost 2,500$           2,500$         

Assumed Number of Years 35.5 35.5

5-Year Reviews 86,800$         86,800$       
Unit Cost 35,000$         35,000$       

Assumed Number of Reviews 8 8

TOTAL ESTIMATED O&M COSTS (NPV) 1,691,300$    2,594,000$  

TOTAL ESTIMATED CAPITAL COSTS 1,790,100$    1,363,200$  
TOTAL ESTIMATED O&M COSTS (NPV) 1,691,300$    2,594,000$  

TOTAL ESTIMATED REMEDIATION COSTS (NPV) 3,481,400$    3,957,200$  

Total Estimated Cost for Remediation of Areas B and C (NPV) 979,300$       979,300$     
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ISCO Only ERD Only ISSM Only Combination of ISCO, ERD & ISSM
REMEDY OPTIMIZATION COSTS Option Option Option ISCO ERD ISSM 

Portion Portion Portion

INCREMENTAL CAPITAL COSTS

Technology Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 156,000$       145,200$       40,000$         128,400$     142,800$     40,000$       

System Design and Implementation Work Plan 50,400$         56,400$         78,000$         27,600$       56,400$       78,000$       
Site Preparation, Mob and DeMob 32,400$         42,400$         57,500$         13,400$       42,400$       57,500$       

Injection and Monitoring Network Installation 609,633$       114,114$       24,237$         102,364$     86,966$       14,479$       
Process Equipment Fabrication and Installation -$                  59,200$         -$                  -$                59,200$       -$                

Oxidant Cost 575,948$       -$                  -$                  86,392$       -$                -$                
Soil Mixing -$                  -$                  2,105,749$    -$                -$                413,362$     

Trenching and Piping -$                  26,263$         -$                  -$                23,875$       -$                
Oxidant Injection and Operation 558,950$       -$                  -$                  162,300$     -$                -$                
System Startup and Shakedown -$                  77,000$         -$                  -$                72,000$       -$                

Site Restoration -$                  -$                  26,940$         -$                -$                20,591$       
Subtotal 1,983,331$    520,577$       2,332,427$    520,456$     483,641$     623,933$     

Technology Performance Operation -$                  579,000$       -$                  386,000$     
Assumed Number of Years 0 3 0 2

Technology Performance Monitoring 47,680$         190,720$       143,040$       143,040$     
Assumed Number of Years 1 4 3 3

SUBTOTAL CAPITAL COSTS 2,031,000$    1,290,300$    2,475,500$    2,157,100$  

Contingency (25%) 507,800$       322,600$       618,900$       539,300$     

SUBTOTAL CAPITAL COSTS 2,538,800$    1,612,900$    3,094,400$    2,696,400$  

Project Management (5%) 126,900$       80,600$         154,700$       134,800$     
Remedial Design (8%) 203,100$       129,000$       247,600$       215,700$     
Construction Management (6%) 152,300$       96,800$         185,700$       161,800$     
Subtotal PM, RD and CM Costs 482,300$       306,400$       588,000$       512,300$     

TOTAL ESTIMATED INCREMENTAL CAPITAL COSTS 3,021,100$    1,919,300$    3,682,400$    3,208,700$  

INCREMENTAL O&M COSTS

MNA and Long-Term Monitoring -$                  $0 $0 -$                
Assumed Number of Years 0 0 0 0

Maintenance of Institutional Controls -$                  -$                  -$                  -$                
Assumed Number of Years 0 0 0 0

5-Year Reviews -$                  -$                  -$                  -$                
Assumed Number of Reviews 0 0 0 0

TOTAL ESTIMATED INCREMENTAL O&M COSTS (NPV) -$                  -$                  -$                  -$                

TOTAL ESTIMATED INCREMENTAL CAPITAL COSTS 3,021,100$    1,919,300$    3,682,400$    3,208,700$  
TOTAL ESTIMATED INCREMENTAL O&M COSTS (NPV) -$                  -$                  -$                  -$                

TOTAL ESTIMATED INCREMENTAL REMEDIATION COSTS (NPV) 3,021,100$    1,919,300$    3,682,400$    3,208,700$  

Notes:
- Operations and maintenance (O&M) costs: Net Present Value (NPV) costs are in BOLD
- NPV calculations include a discount rate of 7 percent before tax and without inflation
- No additional O&M costs for the Optimization Remedy as the cleanup is assumed to be achieved in the estimated timeframe for the Remedial Alternative
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Evaluation Criteria 
Detailed Analysis of Alternative 5: Area A Containment Remedy, 

Barrier at the Compliance Boundary, Area B Excavation, and 
MNA in Area C 

Overall Protection of Human Health and the Environment 

Human Health Protection Protection of human health and the environment would be achieved 
by attainment of remedial goals through a barrier system at the 
compliance boundary, excavation in Area B and MNA in Area C. 
 
In the short-term, existing institutional controls would continue to 
prohibit groundwater use at the site until remedial goals are met, and 
are protective of human health.   
 
Shallow groundwater discharges to the Unnamed Stream 
downgradient of the landfill.  Excavation in Area B, in conjunction with 
the barrier system at the compliance boundary, would improve the 
surface water quality. 
 
Long-term monitoring would be performed to evaluate risk to human 
health and the environment. 

Compliance with ARARs 

Chemical-Specific The goal of barrier system is to treat VOCs to chemical-specific ARAR 
(ICLs) at the compliance boundary in the short term.  The goal of 
excavation is to remove VOCs from Area B.  MNA would reduce 
VOCs remaining in Area B after excavation, and VOCs in Area C to 
ICLs.  All contaminant concentrations at and downgradient of the 
compliance boundary would meet ICLs when all phases of remedy are 
completed (including MNA) with the following exception. 
 
Under the alternative barrier system alignment, the area located 
between the existing compliance boundary and the proposed barrier 
system alignment would not meet chemical-specific ARARs (i.e., 
achieve ICLs).  To achieve the ARARs using the alternative barrier 
system alignment, the compliance boundary will need to be modified 
to follow the proposed barrier system alignment.   
 
Monitoring would be performed to ensure attainment of ARARs. 

Location-Specific The remedial alternative would be designed and implemented to 
ensure that it meets wetlands, fish and wildlife habitat related ARARs.   

Action-Specific The barrier systems do not require permits for implementation.  
However, substantive requirements for appropriate approvals for 
stream crossing by the barrier system and excavation in Area B would 
be met. 
 
Monitoring program under this alternative would comply with ARARs. 
 
Drill cuttings and groundwater generated during well installation, and 
purge groundwater generated during the monitoring events would be 
disposed off in accordance with ARARs. 
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Excavation for the barrier system and remedy in Area B would require 
disposal of a significant amount of soil.  An appropriate disposal 
option would be identified prior to implementing the remedy.  Water 
generated during excavation dewatering will also be transported off-
site for treatment and disposal. 

Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk The barrier system, excavation and natural attenuation processes 
would reduce contaminant concentrations to remedial goals at and 
beyond the compliance boundary at which point there would be no 
residual risk outside the landfill. 
 
If the remedy fails to achieve target concentrations due to the 
individual failure mechanisms identified in the Implementability section 
of this table, the remedy would need to be modified. 

Adequacy and Reliability of 
Controls 

The barrier system would be maintained to remain reliable. 
 
Existing institutional controls limit the potential for exposures to 
contaminated groundwater.  The long-term effectiveness of 
institutional controls would depend on enforcement.   
 
A five-year review program would assess the extent to which human 
health is protected.   

Reduction of Toxicity, Mobility or Volume 

Treatment Process Used and 
Materials Treated 

The zero-valent iron PRB would treat contaminated groundwater in-
situ as it moved through the reactive media. 
 
Soil and water generated during excavation in Area B will be 
transported off-site for treatment and disposal.   
 
MNA uses a monitoring component to confirm that natural processes 
are capable of reducing contaminant concentrations over time to meet 
ARARs. 

Amount Destroyed or Treated The PRB would treat approximately 0.6 million gallons of groundwater 
that flow through it every year. 
 
The excavation in Area B would remove up to 10,900 cubic yards of 
soil.  The size and location of the excavation area would be refined 
based on pre-design investigation results from Area B.  

Degree of Expected Reductions 
of Toxicity, Mobility, or Volume 
through Treatment 

The PRB barrier system controls toxicity, mobility and volume of 
contaminated groundwater.  The barrier system would effectively limit 
the continued transport of groundwater contamination beyond the 
compliance boundary. 
 
Excavation in Area B is expected to remove a significant amount of 
impacted soil and groundwater.  The excavation would permanently 
remove impacted soil and groundwater beyond the compliance 
boundary. 
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The natural attenuation processes would reduce the mass and volume 
of contamination and eventually reduce contaminant concentrations to 
remedial goals.   

Degree to Which Treatment is 
Irreversible 

Treatment through PRB and removal of contaminated groundwater in 
the collection trench irreversibly removes contaminant mass from the 
aquifer.  The PRB destroys the contaminants as the groundwater 
passes through the media.   
 
Excavation and removal of contaminated soil and groundwater from 
within the excavation irreversibly removes contaminant mass from the 
area. 
 
The natural attenuation processes are irreversible. 

Type and Quantity of Residuals 
Remaining after Treatment 

The zero-valent iron PRBs completely mineralize chlorinated ethenes 
(e.g. PCE, TCE) into carbon dioxide, chloride, and water.  The zero-
valent iron PRB media could be left in place or may require off-Site 
disposal upon completion of the remedial action.   
 
Excavation will remove contaminated soil and groundwater. 
 
All contaminant concentrations at and downgradient of the compliance 
boundary would meet ICLs when all phases of remedy are completed 
(including MNA). 
 
If the remedy fails to achieve target concentrations due to the 
individual failure mechanisms identified in the Implementability section 
of this table, the remedy may need to be modified and/or the MNA 
timeframe to achieve ICLs and the magnitude of residual risk would 
increase. 

Short-Term Effectiveness 

Protection of Community During 
Remedial Action 

Implementation of the remedy would not have significant impacts on 
the local community.  All portions of the treatment areas are within the 
property boundaries.   

Protection of Workers During 
Remedial Action 

Short-term risks to workers would be mitigated by use of appropriate 
procedures and personal protective equipment (PPE).   

Environmental Impacts Although excavation and construction of a PRB are fairly intrusive, 
construction, operation and maintenance of the system would not 
pose significant environmental impacts.  Suitable measures would be 
implemented during construction to control dust, surface water runoff 
and noise. 

Time Until Remedial Action 
Objectives are Achieved 

22.5 years (estimated assuming no negative impacts on MNA 
processes due to oxygenation of Area B during excavation) 
 
If the proposed remedy fails to achieve target concentrations at and/or 
downgradient of the compliance boundary due the failure mechanism 
identified in the Implementability section of this table, additional time 
would be needed for revising the approach.  This may entail 
enhancement of the barrier system. 
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Implementability 

Ability to Construct and Operate 
the Technology 

The barrier system (PRB) is implementable. 
 
MNA does not require a construction effort.  Monitoring of the natural 
degradation processes is used to confirm the effectiveness of MNA. 
 
Excavation is standard and would pose no special problems.   
 
Potential failure mechanisms for the barrier system remedy to meet 
remedial goals at the compliance boundary are inadequate design 
criteria or improper installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies and construction 
quality control.  If target concentrations are not achieved, additional 
time would be needed for revising the approach, with possible 
enhancement of the barrier remedies and/or extending the MNA 
timeframe to achieve ICLs. 
 
A potential failure mechanism for MNA in Area C is the potential for 
changes in groundwater flow following excavation in Area B.  
Backfilling of Area B with homogenized material may alter the 
groundwater flow paths through Area B, which in turn may affect 
groundwater flow in Area C.  The effects of post-excavation conditions 
in Area B on groundwater flow and MNA processes in Area C will 
require evaluation during the remedial design. 

Reliability of the Technology PRB, excavation and MNA are feasible technologies for remediation 
of chlorinated ethenes.  Pre-design subsurface investigation, 
predictive modeling and treatability studies, as appropriate would 
assess the reliability and effectiveness of the proposed remedy for the 
site.   

Ease of Undertaking Additional 
Remedial Actions, if necessary 

Additional actions can be easily implemented in the future, if 
warranted.   

Ability to Monitor the 
Effectiveness of Remedy 

Monitoring to assess contaminant status would pose no 
implementability concerns.   

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Coordination with appropriate federal, state, and local agencies may 
be required for the barrier system stream crossing and excavation in 
Area B. 

Availability of Off-Site 
Treatment, Storage, and 
Disposal Services and Capacity 

Excavation in Area B and for the barrier system would require 
disposal of a significant amount of soil.  Additionally, significant 
amount of water will be generated during dewatering of excavation.  
An appropriate disposal option for soil and groundwater would be 
identified prior to implementing the remedial alternative.     
 
Soil cutting and development water generated during well installation, 
and small amount of purge groundwater generated during monitoring 
events would be easily disposed off by appropriate disposal options. 

Availability of Necessary 
Equipment and Specialists 

All materials, equipment, personnel and services required to construct 
and operate this alternative are readily available.   

Availability of Technology Technologies are readily available.   
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Cost 

Estimated Capital Costs $10,758,700 

Estimated O&M Costs (Present 
Worth) 

$1,617,000 

Total Estimated Costs $12,375,700 
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 Timeframe 
(years)  

Area A – Barrier at Compliance Boundary 

Complete Area B excavation (below) 2 

Barrier system installation+ 0.5 

Barrier system operation, maintenance and monitoring+ 100 

Area A 
Remedy Timeframe 100 

Areas B and C – Excavation followed by MNA 

Pre-design investigation, treatability and predictive 
modeling+  1 

System design report+ 0.5 

Remedy implementation in Area B (excavation) 0.5 

Monitored natural attenuation to achieve ICLs* 17 

Safety factor† 3 

Areas B and C 
Cleanup Timeframe 22 

 
Notes: 
+  Timeframes are estimated based on professional judgment. 
*  Refer to Appendix E for calculations of MNA remedial timeframes, and assumes no negative 

impacts on MNA processes due to oxygenation of Area B during excavation; the timeframe 
for MNA to achieve ICLs includes three years of post-remediation monitoring. 

† A three-year safety factor is intended to account for uncertainty in the model predictions of 
MNA timeframe due to potential non steady-state conditions in the downgradient plume 
(Section 4.2 of Appendix D).   

-  Maintenance of institutional controls would continue beyond the above-listed timeframes for 
continued protection of human health. 

 



Table 5-14   Estimated Cost for Alternative 5 (Page 1 of 1)

CAPITAL COSTS

Institutional Controls -$                                    

Pre-Design Investigation 84,450$                          

Predictive Modeling 35,000$                          

PRB Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 29,000$                          

System Design and Implementation Work Plan 41,000$                          
Site Preparation, Mob and DeMob 9,500$                            

PRB Construction 547,916$                        
Operation Startup 25,500$                          

Subtotal 652,916$                        

Soil Excavation and Backfill
Design and Implementation Plan 49,500$                          

Site Preparation, Mob and DeMob 78,000$                          
Soil Excavation 5,655,204$                     

Dewatering and Groundwater Treatment 418,400$                        
Backfilling and Restoration 259,185$                        

Subtotal 6,460,289$                     

SUBTOTAL CAPITAL COSTS 7,232,700$                     

Contingency (25%) 1,808,200$                     

SUBTOTAL CAPITAL COSTS 9,040,900$                     

Project Management (5%) 452,000$                        
Remedial Design (8%) 723,300$                        
Construction Management (6%) 542,500$                        
Subtotal PM, RD and CM Costs 1,717,800$                     

TOTAL ESTIMATED CAPITAL COSTS 10,758,700$                  

O&M COSTS (Bold = Net Present Value)

PRB Maintenance
Media Cleaning ($20,000 per event @ Year 12.5, 37.5, 62.5 and 87.5) 10,600$                          

Media Change-Out ($652,916 per event @ Year 25, 50 and 75) 146,600$                        
Subtotal 157,200$                        

PRB Monitoring 286,800$                        
Annual Cost 20,100$                          

Assumed Number of Years 100

MNA and Long-Term Monitoring $1,069,400
Assumed Number of Years 22

Maintenance of Institutional Controls 27,700$                          
Annual Cost 2,500$                            

Assumed Number of Years 22

5-Year Reviews 75,900$                          
Unit Cost 35,000$                          

Assumed Number of Reviews 5

TOTAL ESTIMATED O&M COSTS (NPV) 1,617,000$                     

TOTAL ESTIMATED CAPITAL COSTS 10,758,700$                   
TOTAL ESTIMATED O&M COSTS (NPV) 1,617,000$                     

TOTAL ESTIMATED REMEDIATION COSTS (NPV) 12,375,700$                  

Notes:
- Operations and maintenance (O&M) costs: Net Present Value (NPV) costs are in BOLD
- NPV calculations include a discount rate of 7 percent before tax and without inflation

Burgess Brothers Superfund Site, Bennington and Woodford, Vermont Focused Feasibility Study Report, July 2011
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Evaluation Criteria Alternative 1: No Further Additional Action Alternative 2: Areas A and B in situ Remedy, and 
MNA in Area C 

Alternative 3: Area A Containment Remedy, 
Barrier System at the Compliance Boundary, 
Area B in situ Remedy, and  MNA in Area C 

Alternative 4: Areas A and B Containment 
Remedy, Barrier System at the Compliance 

Boundary, a Second Barrier System for Area B, 
and MNA in Area C (Remedy Optimization: Area 

B in situ Remedy) 

Alternative 5: Area A Containment remedy, PRB 
Barrier at the Compliance Boundary, Excavation 

in Area B, and MNA in Area C 
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Overall 
Protection of 

Human Health 
and the 

Environment 

Protective of human health and the environment at 
this time.  Existing institutional controls would 
continue to prohibit groundwater use at the site until 
remedial goals are met. 
VOC plume remains defined and within the 
groundwater reclassification boundary.  However, it 
is uncertain whether VOCs would continue to 
attenuate within the Groundwater reclassification 
Boundary over the long term. 
Shallow groundwater continues to discharge to the 
unnamed stream downgradient of the landfill.  
However, modeling predicts minimal VOC impact to 
surface water, and the data show that surface water 
quality is improving. 
Additional evaluation during the next 5-year review 
would be conducted in 2008-09. 

Protection of human health and the environment by 
attainment of remedial goals through active 
remediation (ERD and/or ISCO) of Areas A and B, 
followed by MNA in Areas A and B and C. 
In the short-term, existing institutional controls would 
continue to prohibit groundwater use at the site until 
remedial goals are met, and are protective of human 
health.   
Shallow groundwater continues to discharge to the 
Unnamed Stream downgradient of the landfill.  
Modeling predicts minimal VOC impact to surface 
water, and the data show that surface water quality 
is improving.  An active remedy would enhance the 
rate of surface water quality improvement. 
Long-term monitoring to evaluate risk to human 
health and the environment.   

Protection of human health and the environment by 
attainment of remedial goals through a barrier 
system near the compliance boundary, active 
remediation followed by MNA in Area B, and MNA in 
Area C. 
In the short-term, existing institutional controls would 
continue to prohibit groundwater use at the site until 
remedial goals are met, and are protective of human 
health. 
Shallow groundwater continues to discharge to the 
Unnamed Stream downgradient of the landfill.  
Modeling predicts minimal VOC impact to surface 
water, and the data show that surface water quality 
is improving.  The barrier system and active 
remediation in Area B would further enhance the rate 
of surface water quality improvement. 
Long-term monitoring to evaluate risk to human 
health and the environment. 

Protection of human health and the environment 
would be achieved by attainment of remedial goals 
through two barrier systems (one near the 
compliance boundary and the second in Area B) and 
MNA in Area C. 
In the short-term, existing institutional controls would 
continue to prohibit groundwater use at the site until 
remedial goals are met, and are protective of human 
health.   
Shallow groundwater continues to discharge to the 
Unnamed Stream downgradient of the landfill.  
Modeling predicts minimal VOC impact to surface 
water, and the data show that surface water quality 
is improving.  The barrier systems and lining of the 
unnamed stream and swale between the barriers 
would result in rapid improvement in surface water 
quality. 
Long-term monitoring to evaluate risk to human 
health and the environment. 

Protection of human health and the environment 
would be achieved by attainment of remedial goals 
through a barrier system at the compliance 
boundary, excavation in Area B and MNA in Area C. 
In the short-term, existing institutional controls would 
continue to prohibit groundwater use at the site until 
remedial goals are met, and are protective of human 
health.   
Shallow groundwater discharges to the Unnamed 
Stream downgradient of the landfill.  Excavation in 
Area B, in conjunction with the barrier system at the 
compliance boundary, would improve the surface 
water quality. 
Long-term monitoring would be performed to 
evaluate risk to human health and the environment. 

Compliance 
with ARARs 

Over time, natural attenuation processes would 
reduce contaminant concentrations to remedial 
goals.  Long-term monitoring would be performed to 
ensure attainment of ARARs. 
Would comply with location and action-specific 
ARARs. 

Would comply with chemical-specific ARAR when all 
phases of remedy are completed (including MNA). 
Monitoring would be performed to ensure attainment 
of ARARs. 
Active remedy to be designed to comply with 
location- and action-specific ARARs.   

Would comply with chemical-specific ARAR when all 
phases of remedy are completed (including MNA) 
with the following exception.   
Under the alternative barrier system alignment, the 
area located between the existing compliance 
boundary and the proposed barrier system alignment 
would not meet chemical-specific ARARs (i.e., 
achieve ICLs).  To achieve the ARARs using the 
alternative barrier system alignment, the compliance 
boundary will need to be modified to follow the 
proposed barrier system alignment.   
Monitoring would be performed to ensure attainment 
of ARARs. 
Barrier system and the contingency remedy (if 
implemented) to be designed to comply with 
location- and action-specific ARARs. 

Would comply with chemical-specific ARAR when all 
phases of remedy are completed (including MNA) 
with the following exception. 
Under the alternative barrier system alignment for 
the compliance boundary system, the area located 
between the existing compliance boundary and the 
proposed barrier system alignment would not meet 
chemical-specific ARARs (i.e., achieve ICLs).  To 
achieve the ARARs using the alternative barrier 
system alignment, the compliance boundary will 
need to be modified to follow the proposed barrier 
system alignment. 
Monitoring would be performed to ensure attainment 
of ARARs. 
In addition to the two barrier systems and MNA, the 
option for remedial optimization through active in-situ 
remediation in Area B (ERD, ISCO, ISSM, or 
combination) is also included in this alternative.  The 
optimization remedy would be implemented in the 
event that the estimated timeframe for Area B is 
expected to exceed the operational life of the first 
reactive media bed in the Area B PRB o the 
estimated timeframe will not be met. 
Barrier systems to be designed to comply with 
location- and action-specific ARARs. 

Would comply with chemical-specific ARAR when all 
phases of remedy are completed (including MNA) 
with the following exception. 
Under the alternative barrier system alignment, the 
area located between the existing compliance 
boundary and the proposed barrier system alignment 
would not meet chemical-specific ARARs (i.e., 
achieve ICLs).  To achieve the ARARs using the 
alternative barrier system alignment, the compliance 
boundary will need to be modified to follow the 
proposed barrier system alignment.   
Monitoring would be performed to ensure attainment 
of ARARs. 
Barrier system and excavation to be designed to 
comply with location- and action-specific ARARs. 
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Evaluation Criteria Alternative 1: No Further Additional Action Alternative 2: Areas A and B in situ Remedy, and 
MNA in Area C 

Alternative 3: Area A Containment Remedy, 
Barrier System at the Compliance Boundary, 

Area B in situ Remedy, and with MNA in Area C 

Alternative 4: Areas A and B Containment 
Remedy, Barrier System at the Compliance 

Boundary, a Second Barrier System for Area B, 
and MNA in Area C (Remedy Optimization: Area 

B in situ Remedy) 

Alternative 5: Area A Containment remedy, PRB 
Barrier at the Compliance Boundary, Excavation 

in Area B, and MNA in Area C 
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Long-Term 
Effectiveness 

and 
Permanence 

Natural attenuation processes would reduce 
contaminant concentrations to remedial goals, at 
which point there would be no residual risk outside 
the landfill.   
Existing institutional controls limit the potential for 
exposure to contaminated groundwater.  The long-
term effectiveness of institutional controls would 
depend on enforcement.   
Long-term monitoring and five year reviews would 
allow for re-evaluation of remedial alternatives in 
future. 

The goal of the active remedy (ERD, ISCO, and/or 
ISSM) and natural attenuation processes would be 
to reduce contaminant concentrations to remedial 
goals (ICLs), at which point there would be no 
residual risk outside the landfill.   
If the active remedy fails to achieve target 
concentrations due to one or both of the failure 
mechanisms identified in the ARARs section of this 
table, the remedy may need to be modified. 
Monitoring and five year reviews would confirm this 
alternative remains protective in future. 

The barrier system, active remedy, and natural 
attenuation processes would reduce contaminant 
concentrations to remedial goals at and beyond the 
compliance boundary at which point there would be 
no residual risk outside the landfill.   
If the remedies fail to achieve target concentrations 
due to the individual failure mechanisms identified in 
the Implementability section of this table, the remedy 
may need to be modified. 
Long-term monitoring and five year reviews would 
confirm this alternative remains protective in future. 

The barrier system and natural attenuation 
processes would reduce contaminant concentrations 
to remedial goals at and beyond the compliance 
boundary at which point there would be no residual 
risk outside the landfill.  The exception to this 
reduction in concentration is the area between the 
Compliance Boundary and the Alternative Barrier 
System Alignment where contaminant 
concentrations would be reduced by MNA alone, and 
require a longer time frame. 
If the remedies fail to achieve target concentrations 
due to the individual failure mechanisms identified in 
the Implementability section of this table, the remedy 
may need to be modified. 
Long-term monitoring and five year reviews would 
confirm this alternative remains protective in future. 

The barrier system, excavation and natural 
attenuation processes would reduce contaminant 
concentrations to remedial goals at and beyond the 
compliance boundary at which point there would be 
no residual risk outside the landfill. 
If the remedy fails to achieve target concentrations 
due to the individual failure mechanisms identified in 
the Implementability section of this table, the remedy 
may need to be modified. 
Long-term monitoring and five year reviews would 
confirm this alternative remains protective in future. 

 

Reduction of 
Toxicity, 
Mobility, or 
Volume 

By natural attenuation processes only.   Active remedy would treat groundwater 
contaminants in-situ with non-toxic treatment 
residuals. 

Active containment and treatment of contaminated 
groundwater would reduce the mobility, toxicity, and 
volume of contaminants.   

Active containment and treatment of contaminated 
groundwater would reduce the mobility, toxicity, and 
volume of contaminants.   

Active containment and excavation of contaminants 
would reduce the mobility, toxicity, and volume of 
contaminants.   

Short-Term 
Effectiveness 

Existing institutional controls limit exposure to 
contaminants. 

Significant reductions in VOC concentrations will 
occur during remedy implementation in Areas A and 
B (approximately 3.5 to 7 years).  The timeframe for 
achieving remedial action objectives is estimated to 
be 23.5 to 27 years.  
Implementation of the active remedy would not have 
significant impacts on the local community and the 
environment. 
Existing institutional controls, fences, and gates limit 
exposure to contaminants. 

The timeframe for implementing the barrier remedy 
in Area A is approximately 3 years, with an assumed 
O&M timeframe of.100 years.  
Significant reductions in VOC concentrations will 
occur during remedy implementation in Area B 
(approximately 3.5 to 7 years).  The timeframe for 
achieving remedial action objectives is estimated to 
be 23.5 to 27 years. 
Implementation of the barrier/MNA remedy or 
contingent active remedy would not have significant 
impacts on the local community and the 
environment.   
Existing institutional controls, fences, and gates limit 
exposure to contaminants. 

The timeframe for implementing the barrier remedy 
in Areas A and B is approximately 2.5 years, with an 
assumed O&M timeframe of.100 years for the 
Compliance Boundary barrier.  The estimated 
timeframe for O&M of the Area B barrier system is 
approximately 33 years.  
The timeframe for achieving remedial action 
objectives in Area C is estimated to be 22.5 years. 
Implementation of the barrier systems/MNA remedy 
would not have significant impacts on the local 
community and the environment. 
Existing institutional controls, fences, and gates limit 
exposure to contaminants. 

The timeframe for excavation in Area B and 
construction of the barrier system in Area A is 2.5 
years.  The Area A barrier has an assumed O&M 
timeframe of 100 years.  
The timeframe for achieving remedial action 
objectives in Areas B and C is estimated to be 22 
years. 
 

Implementability Readily implementable and least intrusive. ERD, ISCO, ISSM, and MNA are feasible 
technologies for remediation of chlorinated ethenes.  
Construction and operation of the active remedies 
are standard approaches posing no special 
problems. 
Pre-design study and active remedy implementation 
would require penetration of existing cap in Area A.   
Two potential failure mechanisms for the active 
remedy to achieve target concentrations, which may 
extend the remedial timeframe and increase costs: 
1) inadequate distribution of amendments required 
for remedy to proceed, and 2) presence of 
unidentified VOC sources in the Landfill Area outside 
Area A contributing to groundwater VOC 
concentrations at the compliance boundary. 

Standard remedy that is implementable. 
If the collection trench alternative is selected, the ex-
situ treatment of collected groundwater would incur 
higher long-term O&M costs than other remedies. 
Potential failure mechanisms for the barrier system 
remedy to meet remedial goals at the compliance 
boundary are inadequate design criteria or improper 
installation methods, which can be minimized by pre-
design studies and construction quality control.   
A potential failure mechanism for the active remedy 
(ERD, ISCO, ISSM, or a combination) to meet 
remedial goals in Area B is inadequate distribution of 
amendments required for the remedy to proceed.  If 
target concentrations are not achieved, additional 
time would be needed for revising the approach, with 
possible multiple reapplication of the active remedy 
and intensifying the spacing of the injection points. 
 

Standard remedy that is implementable. 
If the collection trench alternative is selected, the ex-
situ treatment of collected groundwater would incur 
higher long-term O&M costs than other remedies. 
Potential failure mechanisms for the barrier system 
remedy to meet remedial goals at the compliance 
boundary are inadequate design criteria or improper 
installation methods, which can be minimized by pre-
design studies and construction quality control.   
 

Standard remedy that is implementable. 
Potential failure mechanisms for the barrier system 
remedy to meet remedial goals at the compliance 
boundary are inadequate design criteria or improper 
installation methods.  These potential failure 
mechanisms can be minimized by pre-design studies 
and construction quality control.   
A potential failure mechanism for MNA in Area C is 
the potential for changes in groundwater flow 
following excavation in Area B.  Backfilling of Area B 
with homogenized material may alter the 
groundwater flow paths through Area B, which in turn 
may affect groundwater flow in Area C.  

Cost Net present worth: $1,192,700 Net present worth: $5,399,400  to $10.315.100  
 

Net present worth: $4,655,200 to $6,797,000  
 

Net present worth: $3,481,400 to $3,957,200  
 

Net present worth: $12,375,700  
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Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain 
ARAR

Chemical-
Specific

Groundwater Vermont Groundwater Protection
Rule and Strategy (EPR 12-702)

Applicable 
(Enforcement

Standards)

Establish primary groundwater quality
standards. Enforcement standards are
applicable. Preventative action limits are
not an ARAR.

No further actions would be taken.
Primary groundwater quality
standards would continue to be
exceeded until or unless the source
is depleted and/or natural
degradation processes reduce the
concentrations in groundwater
below the standards.

Vermont Health Advisories To Be
Considered

Vermont developed health advisories as
guidance criteria for drinking water in
the absence of Federal Maximum
Contaminant Levels.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Federal Safe Drinking Water Act -
Maximum Contaminated Levels
(MCLs) for Organic and Inorganic
Chemicals (40 CFR 141 Subparts B,
G and I)

Relevant and 
Appropriate

MCLs have been promulgated for a
number of common organic and
inorganic chemicals and action levels for
lead and copper. These levels regulate
the concentration of contaminants in
public drinking water supplies, but may
also be considered appropriate for
groundwater aquifers potentially used
for drinking water.

No further actions would be taken. 
MCLs would continue to be exceeded 
until or unless the source is depleted 
and/or natural degradation processes 
reduce the concentrations in 
groundwater below MCLs.
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Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain 
ARAR

Federal Safe Drinking Water Act -
Maximum Contaminant Level
Goals (MCLGs) for Organic and
Inorganic Chemicals (40 CFR 151
Subpart F)

Relevant and
Appropriate,
if non-zero

Establishes MCLGs for organic and
inorganic contaminants. MCLGs that are
non-zero will be relevant and
appropriate.

No further actions would be taken.
MCLGs would continue to be
exceeded until or unless the source
is depleted and/or natural
degradation processes reduce the
concentrations in groundwater
below MCLGs.

EPA Reference Doses (RfDs) and
EPA Carcinogen Assessment Group 
Potency Factors

To Be
Considered

RfDs are dose levels EPA has developed for 
use in risk characterization due to non-
carcinogens in various media. The Potency 
Factors are used to evaluate an acceptable 
risk from a carcinogen.  EPA used the 
Potency Factors and RfDs in the human 
health component of the Risk Assessment, 
and they both may be used to establish  
criteria in the absence of pre-established 
numerical ARARs.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

EPA Health Advisories To Be
Considered

EPA publishes contaminant-specific
health advisories that indicate the non-
carcinogenic risks associated with
consuming contaminated drinking water.  
EPA may use Health Advisories to establish 
criteria in the absence of pre- established 
numerical ARARs.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.
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Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain 
ARAR

Location-
Specific

Wetlands Vermont Wetlands Act, 10 VSA §905 
Vermont Wetlands Rules

Applicable These standards establish criteria for 
delineating Class One and Class Two 
wetlands, which are considered significant 
wetlands, and set forth allowed and 
conditional uses for these wetlands.  The 
uses must not have undue adverse impacts 
on the significant functions of the wetland.  
Class Three wetlands are defined, but are 
not protected under these rules (they are 
addressed under Title 10 VSA. Chapter 151, 
below).

No delineated Class One or Class 
Two wetlands are present in the area 
to be impacted by this alternative.

Vermont's Land Use and Development 
Law (Act 250), 10 VSA Chapter 151

Applicable Issues to be addressed in assessing 
compliance with Act 250 include substantive 
environmental and facility siting 
requirements concerning: 

•  will not result in undue water and air 
pollution (including construction-related 
dust) (criterion 1)
•  protection of headwaters (criterion 1(A))

•  streams (criterion 1(E))
•  impact on state-regulated wetlands (Class 
One, Two and Three (criterion 1(G))

•  erosion control (criterion 4)
•  extraction of earth resources (criterion 
9(E))

The activities at the Site under this 
alternative would be designed to 
comply with the substantive 
requirements of Act 250 and will 
include measures to assess, minimize 
and mitigate impacts on wetlands 
from any monitoring or other 
remedial activity.
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Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain 
ARAR

Clean Water Act, Sec. 404 (33 USC § 
1344); Section 404(b)(1) Guidelines 
for Specification of Disposal Sites for 
Dredged or Fill Material (40 CFR Parts 
230 and 231 and 33 CFR Parts 320-
323)

Applicable These regulations outline the requirements 
for the discharge of dredged or fill materials 
into surface waters including Federal 
jurisdictional wetlands.  No activity that 
impacts waters of the United States shall be 
permitted if a practicable alternative that has 
less adverse impact exists.  If there is no 
other practicable alternative, the impacts 
must be mitigated.

No additional wetlands would be 
disturbed.

Action-
Specific 

Groundwater Vermont Groundwater Protection
Rule and Strategy

Applicable Establishes standards and requirements for 
groundwater monitoring

The groundwater monitoring program 
would be designed to satisfy these 
requirements.

Surface
Water

Vermont Water Quality Standards
(10 VSA Chapter 47)

Relevant and
Appropriate

Outlines criteria for discharging to
surface waters, such as dissolved oxygen,
temperature, nutrients, pH, and
alkalinity, and outlines water quality
criteria for protection of aquatic biota.

No further actions would be taken. 
Water
quality criteria would continue to
be exceeded until or unless the
source is depleted and/or natural
degradation processes achieve the
criteria.

Clean Water Act - National
Water Quality Criteria

Relevant and 
Appropriate

Pursuant to Section 304(a)(1) of the Clean 
Water Act, the EPA establishes National 
Recommended Water Quality Criteria. 
These criteria present scientific data and 
guidance on the environmental effects of 
pollutants.  The criteria can contribute to 
establishing regulatory requirements that 
govern impacts to water quality.

No further actions would be taken. 
Water
quality criteria would continue to
be exceeded until or unless the
source is depleted and/or natural
degradation processes achieve the
criteria.
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Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain 
ARAR

Sediment Ontario Ministry of the
Environment Sediment Quality
Guidelines

To be
Considered

The Sediment Quality Guidelines present
scientific data and guidance on the
environmental effects of pollutants. The
criteria can contribute to establishing
requirements that govern impacts to
sediment quality.  

Considered in the selection of the 
remedial alternative.

Landfill 
Material

Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart F - Releases from Solid
Waste Management Units, Sections
264.95, 264.96(a) and (c), 264.97,
264.98 and 264.99*

Relevant and 
Appropriate

Groundwater monitoring requirements and 
compliance points for determining the need 
for additional monitoring and corrective 
action.

The groundwater monitoring program 
would be designed to satisfy these 
requirements.

Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart G - Closure and Post
Closure, Section 264.114*

Relevant and
Appropriate

Establishes the requirement to properly 
dispose or decontaminate any contaminated 
equipment, structures and soils.

Landfill closure requirements would 
be satisfied.

* RCRA requirements are made effective by the Vermont Hazardous Waste Regulations (EPR 7-502)
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Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain 
ARAR

Chemical - 
Specific

Groundwater Vermont Groundwater Protection
Rule and Strategy (EPR 12-702)

Applicable Establish primary groundwater quality 
standards.  Enforcement standards are 
applicable.  Preventative action limits are 
not an ARAR.

With respect to Areas A and B, in situ 
treatment would improve 
groundwater quality and reduce 
contaminant concentrations to below 
MCLs.  With Respect to Area C, 
natural degradation processes would 
reduce contaminant concentrations to 
below MCLs.

Vermont Health Advisories To Be
Considered

Vermont developed health advisories as 
guidance criteria for drinking water in the 
absence of Federal Maximum
Contaminant Levels.

With respect to Areas A and B, in situ 
treatment would improve 
groundwater quality and reduce 
contaminant concentrations to below 
MCLs.  With Respect to Area C, 
natural degradation processes would 
reduce contaminant concentrations to 
below MCLs.

Federal Safe Drinking Water Act -
Maximum Contaminated Levels
(MCLs) for Organic and Inorganic
Chemicals (40 CFR 141 Subparts 
B, G and I)

Relevant and 
Appropriate

MCLs have been promulgated for a
number of common organic and
inorganic chemicals and action levels for 
lead and copper. These levels regulate the 
concentration of contaminants in public 
drinking water supplies, but may also be 
considered appropriate for groundwater 
aquifers potentially used for drinking 
water.

With respect to Areas A and B, in situ 
treatment would improve 
groundwater quality and reduce 
contaminant concentrations to below 
MCLs.  With Respect to Area C, 
natural degradation processes would 
reduce contaminant concentrations to 
below MCLs.
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Federal Safe Drinking Water Act -
Maximum Contaminant Level
Goals (MCLGs) for Organic and
Inorganic Chemicals (40 CFR 151 
Subpart F)

Relevant and
Appropriate,
if non-zero

Establishes MCLGs for organic and
inorganic contaminants, MCLGs that are 
non-zero will be relevant and
appropriate.

With respect to Areas A and B, in situ 
treatment would improve 
groundwater quality and reduce 
contaminant concentrations to below 
MCLGs.  With Respect to Area C, 
natural degradation processes would 
reduce contaminant concentrations to 
below MCLGs.

EPA Reference Doses (RfDs) and
EPA Carcinogen Assessment 
Group Potency Factors

To Be 
Considered

RfDs are dose levels EPA has developed 
for use in risk characterization due to non-
carcinogens in various media. The 
Potency Factors are used to evaluate an 
acceptable risk from a carcinogen.  EPA 
used the Potency Factors and RfDs in the 
human health component of the Risk 
Assessment, and they both may be used to 
establish  criteria in the absence of pre-
established numerical ARARs.

Considered in selection of remedial 
alternative, and will be used in the 
absence of numerical standards.

EPA Health Advisories To Be
Considered

EPA publishes contaminant-specific
health advisories that indicate the non-
carcinogenic risks associated with
consuming contaminated drinking water.  
EPA may use Health Advisories to 
establish criteria in the absence of pre- 
established numerical ARARs.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.
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Location-
Specific

Wetlands Federal Fish and Wildlife
Coordination Act (16 USC 661 et. 
seq.) 40 CPR Part 6

Applicable Establishes requirements for a 
consultation with U.S. Fish and Wildlife 
Service and state wildlife agencies to 
mitigate losses of fish and wildlife that 
result from modification of a water body.

Fish and Wildlife Service will be 
consulted regarding potential impacts 
to water bodies.

Vermont Wetlands Act, 10 VSA 
§905 Vermont Wetlands Rules

Applicable These standards establish criteria for 
delineating Class One and Class Two 
wetlands, which are considered significant 
wetlands, and set forth allowed and 
conditional uses for these wetlands.  The 
uses must not have undue adverse impacts 
on the significant functions of the wetland.  
Class Three wetlands are defined, but are 
not protected under these rules (they are 
addressed under Title 10 VSA. Chapter 
151, below).

No delineated Class One or Class 
Two wetlands are present in the area 
to be impacted by this alternative.
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ARAR

Vermont's Land Use and 
Development Law (Act 250), 10 
VSA Chapter 151

Applicable Issues to be addressed in assessing 
compliance with Act 250 include 
substantive environmental and facility 
siting requirements concerning: 

•  will not result in undue water and air 
pollution (including construction-related 
dust) (criterion 1)
•  protection of headwaters (criterion 
1(A))
•  streams (criterion 1(E))
•  impact on state-regulated wetlands 
(Class One, Two and Three (criterion 
1(G))
•  erosion control (criterion 4)
•  extraction of earth resources (criterion 
9(E))

Clean Water Act (33 USC § 1344); 
Section 404(b)(1) Guidelines for 
Specification of Disposal Sites for 
Dredged or Fill Material(40 CFR 
Part 230 and 231 and 33 CFR Parts 
320-323).

Applicable These regulations outline the requirements 
for the discharge of dredged or fill 
materials into surface waters including 
Federal jurisdictional wetlands.  No 
activity that impacts waters of the United 
States shall be permitted if a practicable 
alternative that has less adverse impact 
exists.  If there is no other practicable 
alternative, the impacts must be mitigated.

Proposed in situ treatment options in 
Areas A and B, including injection 
wells and monitoring locations, 
would be designed to minimize 
impacts to nearby receptors including 
wetlands and compensatory habitat 
mitigation will be performed, if 
necessary, to comply with this 
ARAR.

The activities at the Site under this 
alternative would be designed to 
comply with the substantive 
requirements of Act 250 and will 
include measures to assess, minimize 
and mitigate impacts on wetlands 
from any monitoring or other 
remedial activity.
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Action-
Specific

Groundwater Vermont Groundwater Protection
Regulations (10 VSA Chapter 48)

Applicable Establish standards and requirements for
groundwater monitoring.

The groundwater monitoring
program would be designed to
satisfy these requirements.

Surface Water Vermont Water Quality Standards
(10 VSA Chapter 47)

Relevant and 
Appropriate

Outlines criteria for discharging to surface 
waters, such as dissolved oxygen, 
temperature, nutrients, pH, and alkalinity, 
and outlines water quality criteria for 
protection of aquatic biota.

Water Quality Standards will be used 
to measure the effectiveness of in situ 
treatment measures.

Clean Water Act - National 
Recommended Water Quality 
Criteria

Relevant and 
Appropriate

Pursuant to Section 304(a)(1) of the Clean 
Water Act, the EPA establishes National 
Recommended Water Quality Criteria. 
These criteria present scientific data and  
guidance on the environmental effects of 
pollutants.  The criteria can contribute to 
establishing regulatory requirements that 
govern impacts to water quality.

Water Quality Criteria will be used to 
measure the effectiveness of in situ 
treatment measures.

Sediment Ontario Ministry of the
Environment Sediment Quality
Guidelines

To be 
Considered

The Sediment Quality Guidelines present 
scientific data and guidance on the 
environmental effects of pollutants. The 
criteria can contribute to establishing 
requirements that govern impacts to 
sediment quality.

Sediment Quality Guidelines will be 
used to measure the effectiveness of 
in situ treatment measures.

Landfill 
Material

Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart F - Releases from Solid
Waste Management Units, Sections 
264.95, 264.96(a) and (c), 264.97, 
264.98 and 264.99*

Relevant and 
Appropriate

Groundwater monitoring requirements
and compliance points for determining the 
need for additional monitoring and 
corrective action.

The groundwater monitoring program 
would be designed to satisfy these 
requirements.
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Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart G - Closure and Post
Closure, Section 264.114

Relevant and
Appropriate

Establishes the requirement to properly 
dispose or decontaminate any 
contaminated equipment, structures and 
soils.

Landfill closure requirements would 
be satisfied.

* RCRA requirements are made effective by the Vermont Hazardous Waste Regulations (EPR 7-502).
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ARAR Compliance Alternative 3 - Area A Containment Remedy, Barrier System at the Compliance Boundary, 
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Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Chemical - 
Specific

Groundwater Vermont Groundwater Protection
Rule and Strategy (EPR 12-702)

Applicable Establish primary groundwater quality 
standards. Enforcement standards are 
applicable. Preventative action limits are 
not an ARAR.

Groundwater quality would improve in 
Areas A and B due to the in situ treatment 
and barrier systems and in Area C due to 
MNA and would reduce contaminant 
concentrations to below MCLs.

Vermont Health Advisories To Be 
Considered

Vermont developed health advisories as
guidance criteria for drinking water in
the absence of Federal Maximum
Contaminant Levels.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Federal Safe Drinking Water Act -
Maximum Contaminated Levels
(MCLs) for Organic and Inorganic
Chemicals (40 CFR 141 Subparts 
B, G and I)

Relevant and 
Appropriate

MCLs have been promulgated for a 
number of common organic and inorganic 
chemicals and action levels for lead and 
copper. These levels regulate the 
concentration of contaminants in public 
drinking water supplies, but may also be 
considered appropriate for groundwater 
aquifers potentially used for drinking 
water.

Groundwater quality would improve due to 
the in situ treatment and barrier systems and 
reduce the concentrations to below MCLs.

Federal Safe Drinking Water Act -
Maximum Contaminant Level
Goals (MCLGs) for Organic and
Inorganic Chemicals (40 CFR 151
Subpart F)

Relevant and
Appropriate,
if non-zero

Establishes MCLGs for organic and
inorganic contaminants. MCLGs that are
non-zero will be relevant and
appropriate.

In situ treatment by the treatment wall or 
collection and treatment of groundwater 
with the groundwater interceptor trench and 
related treatment system would reduce the 
concentrations to below MCLGs.
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EPA Reference Doses (RfDs) and  
EPA Carcinogen Assessment Group 
Potency Factors

To Be 
Considered

RfDs are dose levels EPA has developed 
for use in risk characterization due to non-
carcinogens in various media. The Potency 
Factors are used to evaluate an acceptable 
risk from a carcinogen.  EPA used the 
Potency Factors and RfDs in the human 
health component of the Risk Assessment, 
and they both may be used to establish  
criteria in the absence of pre-established 
numerical ARARs.

Considered in selection of remedial 
alternative, and will be used in the absence 
of numerical standards.

EPA Health Advisories To Be 
Considered

EPA publishes contaminant-specific
health advisories that indicate the non-
carcinogenic risks associated with
consuming contaminated drinking water.
EPA may use Health Advisories to
establish criteria in the absence of pre-
established numerical ARARs.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Location 
Specific

Wetlands Federal Fish and Wildlife
Coordination Act (16 USC 661 et.
seq.) 40 CFR Part 6

Applicable Establishes requirements for a consultation 
with U.S. Fish and Wildlife Service and 
state wildlife agencies to mitigate losses of 
fish and wildlife that result from 
modification of a water body.

Fish and Wildlife Service will be consulted 
regarding potential impacts to water bodies.
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ARAR Compliance Alternative 3 - Area A Containment Remedy, Barrier System at the Compliance Boundary, 
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Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Clean Water Act, Sec. 404 (33 USC 
§ 1344); Section 404(b)(1) 
Guidelines for Specification of 
Disposal Sites for Dredged or Fill 
Material (40 CFR Parts 230 and 
231 and 33 CFR Parts 320-323

Applicable These regulations outline the requirements 
for the discharge of dredged or fill 
materials into surface waters including 
Federal jurisdictional wetlands.  No 
Activity that impacts waters of the Unites 
States shall be permitted if a practicable 
alternative that has less adverse impact 
exists.  If there is no other practicable 
alternative, the impacts must be mitigated.

Construction of the barrier wall or 
groundwater collection trench along 
Compliance Boundary and proposed in situ 
treatment options in Areas B, including 
injection wells and monitoring locations, 
would be designed to minimize impacts to 
nearby receptors including wetlands and 
compensatory habitat mitigation will be 
performed, if necessary, to comply with this 
ARAR.
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Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Floodplain Management and 
Protection of Wetlands,                                    
44 CFR 9

Relevant and 
Appropriate

Remedial alternatives that may cause 
alteration within a federally-designated 
500-year floodplain/cause negative 
impacts to downstream floodplain or that 
will cause alteration of federal 
jurisdictional wetlands/aquatic habitats 
will be implemented in compliance with 
these relevant and appropriate FEMA 
standards which promulgate requirements 
under Executive Order 11988 (Floodplain 
Management) and Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a federally-
regulated wetland unless there is no 
practicable alternative and the proposed 
action includes all practicable measures to 
minimize harm to wetlands that may result 
from such use.  Requires soliciting public 
comment on any disturbance of federally-
designated floodplains or federally-
regulated wetlands.

Proposed barrier system and in situ 
treatment options in Areas A and B, 
including injection wells and monitoring 
locations, would be designed to minimize 
impacts to nearby receptors including 
wetlands and compensatory habitat 
mitigation will be performed, if necessary, 
to comply with this ARAR.
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ARAR Compliance Alternative 3 - Area A Containment Remedy, Barrier System at the Compliance Boundary, 
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Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Vermont Obstruction of Streams 
(10 VSA Chapter 111 §4607)

Applicable Regulation of obstructions that prevent the 
passing of fish in a stream or the outlet or 
inlet of a natural or artificial pond on a 
public stream, by means of a rack, screen, 
weir or other obstruction.

This requirement would be considered in the 
design of the barrier system and it is 
believed that any obstruction would be 
unnecessary because the construction design 
would be to re-direct the stream and any 
unavoidable obstruction would be of very 
limited duration.

Regulation of Stream Flow (10 
VSA Chapter 41)

Potentially 
Applicable

Provides regulations for interruption or 
modification of natural stream flow.

These regulations would be applicable if 
streamflow for the Unnamed Stream is 
interrupted or modified as a results of 
construction of the barrier wall or in situ 
treatment in Area B.

Action 
Specific

Air Vermont Air Pollution Control
Regulations (10 VSA Section 551 
et. Seq. EPR 5-101, 5-211, 5-231 to 
5-252, 5-253.20, 5-261, 5-301 to 5-
311, 5-501 to 5-502, and 5-1010)

Applicable Establishes air quality standards and
allowable discharges.

Groundwater treatment system would be 
designed to satisfy discharge limits.

Federal RCRA Air Emission
Standards for Equipment Leaks, 40 
CFR Part 264, Subpart BB

Applicable, if
threshold
limits are
exceeded

Standards for air emissions for equipment 
that contains or contacts RCRA wastes 
with organic  concentrations of at least 
10% by weight.

Groundwater treatment system would be 
designed to satisfy emission standards if 
threshold limits are exceeded.
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Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Federal RCRA Air Emission
Standards for Process Vents, 40 
CFR Part 264, Subpart AA

Applicable, if
threshold
limits are
exceeded

Standards for air emissions from process 
vents associated with distillation, 
fractionation, thin film evaporation,  
column extraction or air steam stripping 
operations that treat RCRA substances and 
have total organic concentrations of 10 
ppm or greater.

Groundwater treatment system would be 
designed to satisfy emission standards if 
threshold limits are exceeded.

USEPA's "Control of Air Emissions 
from Superfund Air Strippers at 
Superfund Groundwater Sites" 
(OSWER Dir. 9355.0.28, 15 June 
1989).

To Be 
Considered

Establishes guidance on control of air 
emissions from air strippers used at 
Superfund Sites for groundwater treatment 
and establishes procedures for 
implementation. 

If collection trench is implemented with 
treatment of groundwater using air stripper 
system, this guidance document would be 
considered in the design of the system.

Groundwater Vermont Groundwater Protection
Regulations (10 VSA Chapter 48)

Applicable Establish standards and requirements for 
groundwater monitoring.

The groundwater monitoring
program would be designed to
satisfy these requirements.

Environmental Protection 
Regulations Chapter 11 
Underground Injection Control 
Rule 1984

Applicable if 
considering 

infiltration of 
effluent

Establishes permits and standards required 
for discharges into wells

Infiltration of effluent from collection 
trench, if considered, will comply with these 
requirements.

Federal Underground Injection 
Control Program (40 CFR 144, 146 
and 147, subpart UU)

Applicable if 
considering 

infiltration of 
effluent

Establishes permits and standards required 
for discharges into wells

Infiltration of effluent from collection 
trench, if considered, will comply with these 
requirements.

Surface
Water

Vermont Water Quality Standards
(10 VSA Chapter 47)

Relevant and 
Appropriate

Outlines criteria for discharging to
surface waters, such as dissolved oxygen, 
temperature, nutrients, pH, and alkalinity, 
and outlines water quality criteria for 
protection of aquatic biota.

Groundwater treatment would control 
contaminant migration and thereby improve 
surface water quality over time. Water 
Quality Criteria will be used to measure the 
effectiveness of groundwater treatment.
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ARAR Compliance Alternative 3 - Area A Containment Remedy, Barrier System at the Compliance Boundary, 
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Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Vermont National Pollution
Discharge Elimination System
(NPDES) Permit Program (EPR
Chapter 13)

Relevant and 
Appropriate

Specifies the procedures required to obtain 
a NPDES permit to discharge any waste 
into the waters of Vermont and the terms 
and conditions of permits.

Groundwater treatment system
would be designed to satisfy
discharge criteria.

Clean Water Act - National 
Recommended Water Quality 
Criteria

Relevant and 
Appropriate

Pursuant to Section 304(a)(1) of the Clean 
Water Act, the EPA establishes National 
Recommended Water Quality Criteria.  
These criteria present scientific data and 
guidance on the environmental effects of 
pollutants.  The criteria can contribute to 
establishing regulatory requirements that 
govern impacts to water quality.

Groundwater treatment would control 
contaminant migration and thereby improve 
surface water quality over time. Water 
Quality Criteria will be used to measure the 
effectiveness of groundwater treatment.

NPDES Permit Program (40 CFR
122)

Relevant and 
Appropriate

Regulates the discharge of water into
public surface waters.  A permit is 
typically required; however,  in accordance 
with Section 121(e) of CERCLA, only the 
substantive requirements apply to 
Superfund sites.

Groundwater treatment system
would be designed to satisfy
discharge criteria.

Sediment Ontario Ministry of the 
Environment Sediment Quality 
Guidelines

To Be
Considered

The Sediment Quality Guidelines present 
scientific data and guidance on the 
environmental effects of pollutants.  The 
criteria can contribute to establishing 
requirements that govern impacts to 
sediment quality.

Sediment Quality Guidelines will be used to 
measure the effectiveness of in situ and 
barrier system measures.
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TABLE 5-18  
ARAR Compliance Alternative 3 - Area A Containment Remedy, Barrier System at the Compliance Boundary, 
Area B In Situ Remedy, ERD, ISCO, ISSM, or a Combination, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Excavated 
Materials (soil 
and 
groundwater)

Identification and Listing of 
Hazardous Waste (40 CFR Part 
261)

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates identification of wastes subject 
to regulations as hazardous wastes, 
including characteristic and listed wastes

Materials identified as regulated or 
hazardous wastes will be handled in 
accordance with this regulation

Hazardous Waste Determination 
(40 CFR Part 262.11)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Establishes standards for generators of 
hazardous wastes and requires materials to 
be identified as hazardous or non-
hazardous waste prior to on-site storage or 
disposal. 

Excavated materials will be identified and 
handled in accordance with this regulation

Federal RCRA Hazardous and 
Solid Waste Amendments of 1984 
(42 USC §6901 et seq.)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates management of hazardous 
wastes, including hazardous waste 
disposal and recovery.

Excavated material, including groundwater 
and soil, will be managed in accordance 
with these requirements.

Department of Transportation 
(DOT) Regulations (49 CFR Parts 
172-174 and 177-179)

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates transportation of hazardous 
materials.

Excavated material identified as hazardous 
or listed will be transported to a disposal 
facility in accordance with these 
requirements.

Landfill 
Material

Federal RCRA Subtitle C 
Regulations, 40 CFR Part 264 
Subpart F - Releases from Solid 
Waste Management Units, Sections 
264.95, 264.96(a) and (c), 264.97, 
264.98 and 264.99*

Relevant and 
Appropriate

Groundwater monitoring requirements
and compliance points for determining
the need for additional monitoring and
corrective action.

The groundwater monitoring
program would be designed to
satisfy these requirements.
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TABLE 5-18  
ARAR Compliance Alternative 3 - Area A Containment Remedy, Barrier System at the Compliance Boundary, 
Area B In Situ Remedy, ERD, ISCO, ISSM, or a Combination, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart G - Closure and Post
Closure, Section 264.114*

Relevant and
Appropriate

Establishes the requirement to properly 
dispose or decontaminate any 
contaminated equipment, structures and 
soils.

Landfill closure requirements would be 
satisfied.

* RCRA requirements are made effective by the Vermont Hazardous Waste Regulations (EPR 7-502)
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Chemical - 
Specific

Groundwater Vermont Groundwater Protection
Rule and Strategy (EPR 12-702) Applicable

Establish primary groundwater quality 
standards. Enforcement standards are 
applicable. Preventative action limits are 
not an ARAR.

Groundwater quality would improve in 
Areas B due to the barrier system at the 
compliance boundary (and in situ treatment 
if optimization implemented) and in Area C 
due to MNA and would reduce contaminant 
concentrations to below MCLs or MCLGs 
as the case may be.

Vermont Health Advisories To Be 
Considered

Vermont developed health advisories as 
guidance criteria for drinking water in the 
absence of Federal Maximum 
Contaminant Levels.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Federal Safe Drinking Water Act -
Maximum Contaminated Levels
(MCLs) for Organic and Inorganic
Chemicals (40 CFR 141 Subparts 
B, G and I)

Relevant and 
Appropriate

MCLs have been promulgated for a 
number of common organic and inorganic 
chemicals and action levels for lead and 
copper. These levels regulate the 
concentration of contaminants in public 
drinking water supplies, but may also be 
considered appropriate for groundwater 
aquifers potentially used for drinking 
water.

Groundwater quality would improve in 
Areas B due to the barrier system at the 
compliance boundary (and in situ treatment 
if optimization implemented) and in Area C 
due to MNA and would reduce contaminant 
concentrations to below MCLs or MCLGs 
as the case may be.

Federal Safe Drinking Water Act -
Maximum Contaminant Level
Goals (MCLGs) for Organic and
Inorganic Chemicals (40 CFR 151
Subpart F)

Relevant and
Appropriate,
if non-zero

Establishes MCLGs for organic and 
inorganic contaminants. MCLGs that are 
non-zero will be relevant and appropriate.

Groundwater quality would improve in 
Areas B due to the barrier system at the 
compliance boundary (and in situ treatment 
if optimization implemented) and in Area C 
due to MNA and would reduce contaminant 
concentrations to below MCLGs.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

EPA Reference Doses (RfDs) and  
EPA Carcinogen Assessment Group 
Potency Factors

To Be 
Considered

RfDs are dose levels EPA has developed 
for use in risk characterization due to non-
carcinogens in various media. The Potency 
Factors are used to evaluate an acceptable 
risk from a carcinogen.  EPA used the 
Potency Factors and RfDs in the human 
health component of the Risk Assessment, 
and they both may be used to establish  
criteria in the absence of pre-established 
numerical ARARs.

Considered in selection of remedial 
alternative, and will be used in the absence 
of numerical standards.

EPA Health Advisories To Be 
Considered

EPA publishes contaminant-specific
health advisories that indicate the non-
carcinogenic risks associated with
consuming contaminated drinking water.
EPA may use Health Advisories to
establish criteria in the absence of pre-
established numerical ARARs.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Location 
Specific

Wetlands Federal Fish and Wildlife
Coordination Act (16 USC 661 et.
seq.) 40 CFR Part 6

Applicable Establishes requirements for a consultation 
with U.S. Fish and Wildlife Service and 
state wildlife agencies to mitigate losses of 
fish and wildlife that result from 
modification of a water body.

Fish and Wildlife Service will be consulted 
regarding potential impacts to water bodies.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Vermont Wetlands Act, 10 VSA 
§905 Vermont Wetlands Rules

Applicable These standards establish criteria for 
delineating Class One and Class Two 
wetlands, which are considered significant 
wetlands, and set forth allowed and 
conditional uses for these wetlands.  The 
uses must not have undue adverse impacts 
on the significant functions of the wetland.  
Class Three wetlands are defined, but are 
not protected under these rules (they are 
addressed under Title 10 VSA. Chapter 
151, below).

No delineated Class One or Class Two 
wetlands are present in the area to be 
impacted by this alternative.

Vermont's Land Use and 
Development Law (Act 250), 10 
VSA Chapter 151

Applicable Issues to be addressed in assessing 
compliance with Act 250 include 
substantive environmental and facility 
siting requirements concerning: 

•  will not result in undue water and air 
pollution (including construction-related 
dust) (criterion 1)
•  protection of headwaters (criterion 
1(A))
•  streams (criterion 1(E))
•  impact on state-regulated wetlands 
(Class One, Two and Three (criterion 
1(G))
•  erosion control (criterion 4)
•  extraction of earth resources (criterion 
9(E))

The activities at the Site under this 
alternative would be designed to comply 
with the substantive requirements of Act 250 
and will include measures to assess, 
minimize and mitigate impacts on wetlands 
from any monitoring or other remedial 
activity.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Clean Water Act (33 USC § 1344); 
Section 404(b)(1) Guidelines for 
Specification of Disposal Sites for 
Dredged or Fill Material (40 CFR 
Parts 230 and 231 and 33 CFR Part 
320-323)

Applicable These regulations outline the requirements 
for the discharge of dredged or fill 
materials into surface waters including 
Federal jurisdictional wetlands.  No 
activity that impacts waters of the United 
States shall be permitted if a practicable 
alternative that has less adverse impact 
exists.  If there is no other practicable 
alternative, the impacts must be mitigated.

Construction of the barrier wall  (and in situ 
treatment systems if optimization is 
implemented) would be designed to 
minimize impacts to nearby receptors 
including wetlands and compensatory 
habitat mitigation will be performed, if 
necessary, to comply with this ARAR.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Floodplain Management and 
Protection of Wetlands,                                    
44 CFR 9

Relevant and 
Appropriate

Remedial alternatives that may cause 
alteration within a federally-designated 
500-year floodplain/cause negative 
impacts to downstream floodplain or that 
will cause alteration of federal 
jurisdictional wetlands/aquatic habitats 
will be implemented in compliance with 
these relevant and appropriate FEMA 
standards which promulgate requirements 
under Executive Order 11988 (Floodplain 
Management) and Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a federally-
regulated wetland unless there is no 
practicable alternative and the proposed 
action includes all practicable measures to 
minimize harm to wetlands that may result 
from such use.  Requires soliciting public 
comment on any disturbance of federally-
designated floodplains or federally-
regulated wetlands.

Proposed barrier systems (and if necessary 
optimization remedy in situ treatment 
options in Areas B, including injection 
wells) and monitoring locations, would be 
designed to minimize impacts to nearby 
receptors including wetlands and 
compensatory habitat mitigation will be 
performed, if necessary, to comply with this 
ARAR.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Vermont Obstruction of Streams 
(10 VSA Chapter 111 §4607)

Applicable Regulation of obstructions that prevent the 
passing of fish in a stream or the outlet or 
inlet of a natural or artificial pond on a 
public stream, by means of a rack, screen, 
weir or other obstruction.

This requirement would be considered in the 
design of the barrier systems and it is 
believed that any obstruction would be 
unnecessary because the construction design 
would be to re-direct the stream and any 
unavoidable obstruction would be of very 
limited duration.

Regulation of Stream Flow (10 
VSA Chapter 41)

Applicable Provides regulations for interruption or 
modification of natural stream flow.

These regulations will be applicable for 
lining of the Unnamed Stream between the 
two barrier systems.

Action 
Specific

Air Vermont Air Pollution Control
Regulations (10 VSA Section 551 
et. Seq. EPR 5-101, 5-211, 5-231 to 
5-252, 5-253.20, 5-261, 5-301 to 5-
311, 5-501 to 5-502, and 5-1010)

Applicable Establishes air quality standards and
allowable discharges.

Groundwater treatment system would be 
designed to satisfy discharge limits.

Federal RCRA Air Emission
Standards for Equipment Leaks, 40 
CFR Part 264, Subpart BB

Applicable, if
threshold
limits are
exceeded

Standards for air emissions for equipment 
that contains or contacts RCRA wastes 
with organic  concentrations of at least 
10% by weight.

Groundwater treatment system would be 
designed to satisfy emission standards if 
threshold limits are exceeded.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Federal RCRA Air Emission
Standards for Process Vents, 40 
CPR Part 264, Subpart AA

Applicable, if
threshold
limits are
exceeded

Standards for air emissions from process 
vents associated with distillation, 
fractionation, thin film evaporation,  
column extraction or air steam stripping 
operations that treat RCRA substances and 
have total organic concentrations of 10 
ppm or greater.

Groundwater treatment system would be 
designed to satisfy emission standards if 
threshold limits are exceeded.

USEPA's "Control of Air Emissions 
from Superfund Air Strippers at 
Superfund Groundwater Sites" 
(OSWER Dir. 9355.0.28, 15 June 
1989).

To Be 
Considered

Establishes guidance on control of air 
emissions from air strippers used at 
Superfund Sites for groundwater treatment 
and establishes procedures for 
implementation. 

If collection trench is implemented with 
treatment of groundwater using air stripper 
system, this guidance document would be 
considered in the design of the system.

Groundwater Vermont Groundwater Protection
Regulations (10 VSA Chapter 48)

Applicable Establish standards and requirements for 
groundwater monitoring.

The groundwater monitoring
program would be designed to
satisfy these requirements.

Environmental Protection 
Regulations Chapter 11 
Underground Injection Control 
Rule 1984

Applicable if 
considering 

infiltration of 
effluent

Establishes permits and standards required 
for discharges into wells

Infiltration of effluent from collection 
trench, if considered, will comply with these 
requirements.

Federal Underground Injection 
Control Program (40 CFR 144, 146 
and 147, subpart UU)

Applicable if 
considering 

infiltration of 
effluent

Establishes permits and standards required 
for discharges into wells

Infiltration of effluent from collection 
trench, if considered, will comply with these 
requirements.

Surface
Water

Vermont Water Quality Standards
(10 VSA Chapter 47)

Relevant and 
Appropriate

Outlines criteria for discharging to
surface waters, such as dissolved oxygen, 
temperature, nutrients, pH, and alkalinity, 
and outlines water quality criteria for 
protection of aquatic biota.

Groundwater treatment would control 
contaminant migration and thereby improve 
surface water quality over time. Water 
Quality Criteria will be used to measure the 
effectiveness of groundwater treatment.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Vermont National Pollution
Discharge Elimination System
(NPDES) Permit Program (EPR
Chapter 13)

Relevant and 
Appropriate

Specifies the procedures required to obtain 
a NPDES permit to discharge any waste 
into the waters of Vermont and the terms 
and conditions of permits.

Groundwater treatment system
would be designed to satisfy
discharge criteria.

Clean Water Act - National 
Recommended Water Quality 
Criteria

Relevant and 
Appropriate

Pursuant to Section 304(a)(1) of the Clean 
Water Act, the EPA establishes National 
Recommended Water Quality Criteria.  
These criteria present scientific data and 
guidance on the environmental effects of 
pollutants.  The criteria can contribute to 
establishing regulatory requirements that 
govern impacts to water quality.

Groundwater treatment would control 
contaminant migration and thereby improve 
surface water quality over time. Water 
Quality Criteria will be used to measure the 
effectiveness of groundwater treatment.

NPDES Permit Program (40 CFR
122)

Relevant and 
Appropriate

Regulates the discharge of water into
public surface waters.  A permit is 
typically required; however,  in accordance 
with Section 121(e) of CERCLA, only the 
substantive requirements apply to 
Superfund sites.

Groundwater treatment system
would be designed to satisfy
discharge criteria.

Sediment Ontario Ministry of the 
Environment Sediment Quality 
Guidelines

To Be
Considered

The Sediment Quality Guidelines present 
scientific data and guidance on the 
environmental effects of pollutants.  The 
criteria can contribute to establishing 
requirements that govern impacts to 
sediment quality.

Sediment Quality Guidelines will be used to 
measure the effectiveness of in situ and 
barrier system measures.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Excavated 
Materials (soil 
and 
groundwater)

Identification and Listing of 
Hazardous Waste (40 CFR Part 
261)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates identification of wastes subject 
to regulations as hazardous wastes, 
including characteristic and listed wastes

Materials identified as regulated or 
hazardous wastes will be handled in 
accordance with this regulation

Hazardous Waste Determination 
(40 CFR Part 262.11)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Establishes standards for generators of 
hazardous wastes and requires materials to 
be identified as hazardous or non-
hazardous waste prior to on-site storage or 
disposal. 

Excavated materials will be identified and 
handled in accordance with this regulation

Federal RCRA Hazardous and 
Solid Waste Amendments of 1984 
(42 USC §6901 et seq.)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates management of hazardous 
wastes, including hazardous waste 
disposal and recovery.

Excavated material, including groundwater 
and soil, will be managed in accordance 
with these requirements.

Department of Transportation 
(DOT) Regulations (49 CFR Parts 
172-174 and 177-179)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates transportation of hazardous 
materials.

Excavated material identified as hazardous 
or listed will be transported to a disposal 
facility in accordance with these 
requirements.
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TABLE 5-19
ARAR Compliance Alternative 4 - Area A and B Containment Remedy, Barrier System at the Compliance Boundary, 
a Second Barrier System for Area B Containment, and MNA in Area C, (Potential Optimization Remedy:  Area B 
In situ Remedy, ERD, ISCO, ISSM, or a Combination)
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Feasibility 
Study Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Landfill 
Material

Federal RCRA Subtitle C 
Regulations, 40 CFR Part 264 
Subpart F - Releases from Solid 
Waste Management Units, Sections 
264.95, 264.96(a) and (c), 264.97, 
264.98 and 264.99*

Relevant and 
Appropriate

Groundwater monitoring requirements
and compliance points for determining
the need for additional monitoring and
corrective action.

The groundwater monitoring
program would be designed to
satisfy these requirements.

Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart G - Closure and Post
Closure, Section 264.114

Relevant and
Appropriate

Establishes the requirement to properly 
dispose or decontaminate any 
contaminated equipment, structures and 
soils.

Landfill closure requirements would be 
satisfied.

* RCRA requirements are made effective by the Vermont Hazardous Waste Regulations (EPR 7-502)



Page 1 of 8

TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Chemical 
Specific

Groundwater Vermont Groundwater Protection
Rule and Strategy

Applicable Establish primary groundwater quality 
standards. Enforcement standards are 
applicable. Preventative action limits are 
not an ARAR.

Groundwater quality would improve in 
Areas A and B due to the barrier system and 
excavation and in Area C due to MNA and 
would reduce the contaminant 
concentrations to below primary 
groundwater quality standards.

Vermont Health Advisories To Be 
Considered

Vermont developed health advisories as
guidance criteria for drinking water in
the absence of Federal Maximum
Contaminant Levels.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Federal Safe Drinking Water Act -
Maximum Contaminated Levels
(MCLs) for Organic and Inorganic
Chemicals (40 CFR 141 Subparts 
B, G and I)

Relevant and 
Appropriate

MCLs have been promulgated for a 
number of common organic and inorganic 
chemicals and action levels for lead and 
copper. These levels regulate the 
concentration of contaminants in public 
drinking water supplies, but may also be 
considered appropriate for groundwater 
aquifers potentially used for drinking 
water.

Groundwater quality would improve in 
Areas A and B due to the barrier system and 
excavation and in Area C due to MNA and 
would reduce the contaminant 
concentrations to below MCLs.

Federal Safe Drinking Water Act -
Maximum Contaminant Level
Goals (MCLGs) for Organic and
Inorganic Chemicals (40 CFR 151
Subpart F)

Relevant and
Appropriate,
if non-zero

Establishes MCLGs for organic and
inorganic contaminants. MCLGs that are
non-zero will be relevant and
appropriate.

In situ treatment by the treatment wall or 
collection and treatment of groundwater 
with the groundwater interceptor trench and 
related treatment system would reduce the 
concentrations to below MCLGs.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

EPA Reference Doses (RfDs) and  
EPA Carcinogen Assessment Group 
Potency Factors

To Be 
Considered

RfDs are dose levels EPA has developed 
for use in risk characterization due to non-
carcinogens in various media. The Potency 
Factors are used to evaluate an acceptable 
risk from a carcinogen.  EPA used the 
Potency Factors and RfDs in the human 
health component of the Risk Assessment, 
and they both may be used to establish  
criteria in the absence of pre-established 
numerical ARARs.

Considered in selection of remedial 
alternative, and will be used in the absence 
of numerical standards.

EPA Health Advisories To Be 
Considered

EPA publishes contaminant-specific
health advisories that indicate the non-
carcinogenic risks associated with
consuming contaminated drinking water.
EPA may use Health Advisories to
establish criteria in the absence of pre-
established numerical ARARs.

Considered in selection of
remedial alternative, and will be
used in the absence of numerical
standards.

Location 
Specific

Wetlands Federal Fish and Wildlife
Coordination Act (16 USC 661 et.
seq.) 40 CFR Part 6

Applicable Establishes requirements for a consultation 
with U.S. Fish and Wildlife Service and 
state wildlife agencies to mitigate losses of 
fish and wildlife that result from 
modification of a water body.

Fish and Wildlife Service will be consulted 
regarding potential impacts to water bodies.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Vermont Wetlands Act, 10 VSA 
§905 Vermont Wetlands Rules

Applicable These standards establish criteria for 
delineating Class One and Class Two 
wetlands, which are considered significant 
wetlands, and set forth allowed and 
conditional uses for these wetlands.  The 
uses must not have undue adverse impacts 
on the significant functions of the wetland.  
Class Three wetlands are defined, but are 
not protected under these rules (they are 
addressed under Title 10 VSA. Chapter 
151, below).

No delineated Class One or Class Two 
wetlands are present in the area to be 
impacted by this alternative.

Vermont's Land Use and 
Development Law (Act 250), 10 
VSA Chapter 151

Applicable Issues to be addressed in assessing 
compliance with Act 250 include 
substantive environmental and facility 
siting requirements concerning: 

•  will not result in undue water and air 
pollution (including construction-related 
dust) (criterion 1)
•  protection of headwaters (criterion 
1(A))
•  streams (criterion 1(E))
•  impact on state-regulated wetlands 
(Class One, Two and Three (criterion 
1(G))
•  erosion control (criterion 4)
•  extraction of earth resources (criterion 
9(E))

The activities at the Site under this 
alternative would be designed to comply 
with the substantive requirements of Act 250 
and will include measures to assess, 
minimize and mitigate impacts on wetlands 
from any monitoring or other remedial 
activity.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Clean Water Act, Sec. 404 (33 USC 
§ 1344); Section 404(b)(1) 
Guidelines for Specification of 
Disposal Sites for Dredged or Fill 
Material (40 CFR Parts 230 and 
231 and 33 CFR Parts 320-323)

Applicable These regulations outline the requirements 
for the discharge of dredged or fill 
materials into surface waters including 
Federal jurisdictional wetlands.  No 
activity that impacts waters of the United 
States shall be permitted if a practicable 
alternative that has less adverse impact 
exists.  If there is no other practicable 
alternative, the impacts must be mitigated.

Excavation and PRB barrier system 
construction activities would be designed to 
minimize impacts to nearby receptors 
including wetlands and compensatory 
habitat mitigation will be performed, if 
necessary, to comply with this ARAR.

Vermont Obstruction of Streams 
(10 VSA Chapter 111 §4607)

Applicable Regulation of obstructions that prevent the 
passing of fish in a stream or the outlet or 
inlet of a natural or artificial pond on a 
public stream, by means of a rack, screen, 
weir or other obstruction.

This requirement would be considered in the 
design of the PRB and it is believed that any 
obstruction would be unnecessary because 
the construction design would be to re-direct 
the stream and any unavoidable obstruction 
would be of very limited duration.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Floodplain Management and 
Protection of Wetlands,                                    
44 CFR 9

Relevant and 
Appropriate

Remedial alternatives that may cause 
alteration within a federally-designated 
500-year floodplain/cause negative 
impacts to downstream floodplain or that 
will cause alteration of federal 
jurisdictional wetlands/aquatic habitats 
will be implemented in compliance with 
these relevant and appropriate FEMA 
standards which promulgate requirements 
under Executive Order 11988 (Floodplain 
Management) and Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a federally-
regulated wetland unless there is no 
practicable alternative and the proposed 
action includes all practicable measures to 
minimize harm to wetlands that may result 
from such use.  Requires soliciting public 
comment on any disturbance of federally-
designated floodplains or federally-
regulated wetlands.

Proposed barrier system,  excavation 
activities and monitoring locations, would 
be designed to minimize impacts to nearby 
receptors including wetlands and 
compensatory habitat mitigation will be 
performed, if necessary, to comply with this 
ARAR.

Regulation of Stream Flow (10 
VSA Chapter 41)

Applicable Provides regulations for interruption or 
modification of natural stream flow.

These regulations would be applicable for 
lining of the Unnamed Stream in 
conjunction with construction of the PRB, if 
necessary.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Action 
Specific

Air National Primary and Secondary 
Ambient Air Quality Standards (40 
CFR Part 50)

Relevant and 
Appropriate

Federal Regulations that provide national 
primary and secondary ambient air quality 
standards

Air emissions from excavation activities 
would be conducted to comply with these 
regulations

National Emission Standards for 
Hazardous Air Pollutants 
(NESHAPs) (40 CFR Part 61)

To Be 
Considered

Federal Regulations that provide 
requirements for stationary sources 
emitting hazardous air pollutants

Air emissions from excavation activities 
would be conducted to comply with these 
regulations

Groundwater Vermont Groundwater Protection
Regulations (10 VSA Chapter 48)

Applicable Establish standards and requirements for 
groundwater monitoring.

The groundwater monitoring
program would be designed to
satisfy these requirements.

Surface
Water

Vermont Water Quality Standards
(10 VSA Chapter 47)

Relevant and 
Appropriate

Outlines criteria for discharging to
surface waters, such as dissolved oxygen, 
temperature, nutrients, pH, and alkalinity, 
and outlines water quality criteria for 
protection of aquatic biota.

Groundwater treatment would control 
contaminant migration and thereby improve 
surface water quality over time. Water 
Quality Criteria will be used to measure the 
effectiveness of groundwater treatment.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Clean Water Act - National 
Recommended Water Quality 
Criteria

Relevant and 
Appropriate

Pursuant to Section 304(a)(1) of the Clean 
Water Act, the EPA establishes National 
Recommended Water Quality Criteria.  
These criteria present scientific data and 
guidance on the environmental effects of 
pollutants.  The criteria can contribute to 
establishing regulatory requirements that 
govern impacts to water quality.

Groundwater treatment would control 
contaminant migration and thereby improve 
surface water quality over time. Water 
Quality Criteria will be used to measure the 
effectiveness of groundwater treatment.

Excavated 
Materials (soil 
and 
groundwater)

Identification and Listing of 
Hazardous Waste (40 CFR Part 
261)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates identification of wastes subject 
to regulations as hazardous wastes, 
including characteristic and listed wastes

Materials identified as regulated or 
hazardous wastes will be handled in 
accordance with this regulation

Hazardous Waste Determination 
(40 CFR Part 262.11)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Establishes standards for generators of 
hazardous wastes and requires materials to 
be identified as hazardous or non-
hazardous waste prior to on-site storage or 
disposal. 

Excavated materials will be identified and 
handled in accordance with this regulation

Federal RCRA Hazardous and 
Solid Waste Amendments of 1984 
(42 USC §6901 et seq.)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates management of hazardous 
wastes, including hazardous waste 
disposal and recovery.

Excavated material, including groundwater 
and soil, will be managed in accordance 
with these requirements.
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TABLE 5-20
ARAR Compliance Alternative 5 - Area A Containment Remedy, PRB Barrier System at the Compliance Boundary, 
Area B Excavation, and MNA in Area C
Feasibility Study

Burgess Brothers Superfund Site
Bennington and Woodford, Vermont

Type Medium Requirements Status Synopsis of Requirements Action to be Taken to Attain ARAR

Department of Transportation 
(DOT) Regulations (49 CFR Parts 
172-174 and 177-179)*

Applicable if 
materials are 

categorized as 
hazardous 

waste

Regulates transportation of hazardous 
materials.

Excavated material identified as hazardous 
or listed will be transported to a disposal 
facility in accordance with these 
requirements.

Sediment Ontario Ministry of the 
Environment Sediment Quality 
Guidelines

To Be
Considered

The Sediment Quality Guidelines present 
scientific data and guidance on the 
environmental effects of pollutants.  The 
criteria can contribute to establishing 
requirements that govern impacts to 
sediment quality.

Sediment Quality Guidelines will be used to 
measure the effectiveness of in situ and 
barrier system measures.

Landfill 
Material

Federal RCRA Subtitle C 
Regulations, 40 CFR Part 264 
Subpart F - Releases from Solid 
Waste Management Units, Sections 
264.95, 264.96(a) and (c), 264.97, 
264.98 and 264.99*

Relevant and 
Appropriate

Groundwater monitoring requirements
and compliance points for determining
the need for additional monitoring and
corrective action.

The groundwater monitoring
program would be designed to
satisfy these requirements.

Federal RCRA Subtitle C
Regulations, 40 CFR Part 264
Subpart G - Closure and Post
Closure, Section 264.114*

Relevant and
Appropriate

Establishes the requirement to properly 
dispose or decontaminate any 
contaminated equipment, structures and 
soils.

Landfill closure requirements would be 
satisfied.

* RCRA requirements are made effective by the Vermont Hazardous Waste Regulations (EPR 7-502)



 
TABLE 5-21 Remedial Alternative Cost Summary 
 

Burgess Brothers Superfund Site, Bennington and Woodford, Vermont Focused Feasibility Study Report, July 2011 
 

 

Alternative Cost Summary (NPV) 

Alternative 1: 
No Further Additional Action $1,192,700 

Alternative 2: 
Areas A and B In-Situ Remedy, and MNA in Area C 

Ranges from $5,399,400 to $10,315,100 
 
(Incremental Cost for Potential Additional Area 
Treatment ranges from $1,822,600 to 
$2,789,500) 

Alternative 3: 
Area A Containment, Area B In-Situ Remedy, and 
MNA in Area C 

Ranges from $4,655,200 to $6,797,000 

Alternative 4: 
Areas A and B Containment, and MNA in Area C  

Ranges from $3,481,400 to $3,957,200 
 
(Incremental Cost for Potential Optimization 
ranges from $1,919,300 to $3,682,400) 

Alternative 5: 
Area A Containment, Area B Excavation, and MNA in 
Area C 

$12,375,700 

 
Note: 
NPV = net present value calculated at a discount rate of 7 percent before tax and without 
inflation 
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TCE Contaminant Plume (November 2010)
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GRANT OF
ENVIRONMENTAL PROTECTION EASEMENT

AND
DECLARATION OF RESTRICTIVE COVENANTS Si'•^&r,cl Records Ccr for

f'

1. This Grant of Environmental Protection Easement and Declaration of Restrictive
Covenants ("Grant") is made this3*tiay ofcfeio, 2005, by and between CLYDE G. BURGESS,
JR., an individual owning property in the Towns of Bennington and Woodford, County of
Bennington, State of Vermont (hereinafter, INCLUDING HIS HEIRS, SUCCESSORS, AND
ASSIGNS, "Grantor"), and the SECRETARY OF THE AGENCY OF NATURAL
RESOURCES OF THE STATE OF VERMONT (hereinafter, including its successors and
assigns, "Grantee"), with a place of business in Waterbury, in the County of Washington and
State of Vermont.

WITNESSETH:

2. WHEREAS, Grantor is the legal title holder in fee simple of a parcel of land located in
the Towns of Bennington and Woodford, County of Bennington, State of Vermont, more
particularly described-iri Exhibit A attached hereto and made a part hereof (the "Property"); and

3. WHEREAS, the Property contains the Burgess Brothers Superfund Site (defined
below), which the United States Environmental Protection Agency ("EPA"), pursuant to Section
105 of the Comprehensive Environmental Response, Compensation and Liability Act

). ..: - ("CEReLA"), 42 U;S:e.-S9605, placed on the National Priorities List ("NPL"), set forth at 40 -
C.F.R. Part 300, AppenaTx B, by publication in the Federal Register on March 31, 1989; and

4. WHEREAS, in a Record of Decision dated September 25,1998 (the "ROD"), the
Director of the Office of Site Remediation and Restoration, EPA Region 1, selected a remedial
action for the Site that provides for the following actions (the "Remedial Action"):

a. A multi-barrier cap over the former landfill area (as described in the ROD).

b. A cap over the soils in the marshy area (as described in the ROD) located southeast of
the landfill area.

c. Hot spot treatment of the former lagoon cells within the landfill area using a soil-vapor
extraction ("SVE") and air sparging system.

d. Natural attenuation of contaminated groundwater beyond the area of influence of the
SVE and air sparging system.



e. Institutional controls to prevent the use of contaminated ground water, to protect the
capped areas, and to inform future purchasers of the Property of the institutional controls;

f. Long-term monitoring of site groundwater, surface water, and sediments to evaluate
the overall effectiveness of the remedy; and

g. A review of the Site every five years to ensure that the remedy continues to protect
human health and the environment; and

5. WHEREAS, under the terms of a Consent Decree, dated September 9, 1999 entered
into, by and between Grantor, Burgess Brothers, Inc., Eveready Battery Company, The Grantee,
and the United States, Civil Action No. 2:99-cv-194 (the "Consent Decree"), Grantor, together
with the other settling defendants named in the Consent Decree, agreed to perform the Remedial
Action identified in the ROD in order to protect public health and welfare and the environment
from the actual or threatened release of hazardous substances at or from the Site.

6. WHEREAS, pursuant to the terms of the Consent Decree, the Grantor agreed (i) to
grant a permanent right of access over the Property to the Grantee for purposes of implementing,
facilitating and monitoring the Remedial Action; and (ii) to impose on the Property use
restrictions as covenants that will run with the land for the purpose of protecting human health
and the environment; and

7. WHEREAS, the following terms as used herein shall be defined as follows:

a. The "Environmental Restriction Area" shall mean that portion of the Property as
described in Exhibit B and as shown on a plan titled "Burgess Brothers Groundwater
Reclassification Boundary" dated April 12,2004 by Sitelines to be recorded herewith. -; r : ;

b. The "Site" shall mean the Burgess Brothers Superfund Site, encompassing
approximately three acres, located at RR #3 between Burgess Road and the Walloomsac Brook
located in the Towns of Woodford and Bennington, Vermont, and described generally on the
map attached as Appendix C.

c. The "Landfill Cap Area" shall mean that portion of the Property as described in
Exhibit B and as shown on a plan titled "Burgess Brothers Superfund Site Landfill Perimeter
Fence" dated November 12,2004 by Sitelines to be recorded herewith.

8. WHEREAS, Grantor agrees to grant the following easements, rights, obligations, and
restrictions, as more particularly set forth below, to the Grantee;



NOW, THEREFORE;

9. Grant: Grantor, on his behalf, and on behalf of his heirs, successors, and assigns, in
consideration of the terms of the Consent Decree, does hereby subject the Property to the
restrictions on use set forth below, and does remise, release and forever quit claim to the Grantee,
and its successors and assigns, (i) the perpetual right to enforce said use restrictions, and (ii) an
environmental protection easement of the nature and character, and for the purpose hereinafter
set forth, with respect to the Property.

10. Purpose: The purpose of this instrument is to give the Grantee the right to limit
certain uses of the Property to reduce the risk that contaminants on the Property may pose to
human health arid the environment and to give Grantee a right of access to the Property for the
purposes described below.

11. Declaration of Restrictive Covenants: The following covenants, conditions, and
restrictions apply to the use of the Environmental Restriction Area, run with the land, and are
binding on the Grantor and all other persons. Grantor shall neither perform, nor suffer, allow or
cause any other person to perform, any of the following activities or uses in, on, upon, through,
over or under the Environmental Restriction Area:

a. No use shall be made that disturbs the integrity or performance of any of the layers of
the cap, any surface water diversion systems or swales, the landfill gas collection system, the
S VE and air sparging system, or any other structure or system for maintaining the effectiveness
of the Remedial Action, whether in place now or in the future. No use shall be made that
disturbs the function of any monitoring well or other system for monitoring any response action.

b. Groundwater shall not be used in any manner, including, but not limited to, use as a
drinking water supply, and no water supply dFother groundwater well shall be installed, except
for groundwater monitoring wells installed pursuant to plans approved in writing in advance by
Grantee and the EPA.

c. No excavation, digging, drilling, or other intrusive activity into or disturbance of the
SOil. -.-....::: ... _

d. No use shall be made that in any manner would interfere with or adversely affect the
integrity or protectiveness of the Remedial action.

e. The Environmental Restriction Area shall be used solely for industrial and commercial
purposes, unless other uses are approved in writing in advance by Grantee and the EPA.

12. Permitted Uses: Grantor may perform, suffer, allow or cause any person to perform
the following activities and uses in, on, upon, through, over or under the Property:



a. Notwithstanding the provisions of Paragraph 1 l.c, in the portion of the Property
outside boundaries of the "Landfill Cap Area," Grantor is expressly permitted to (i) store or stage
materials, including without limitation, soil, and (ii) to construct buildings on the surface grade
that do not contain subsurface basements, provided such activities shall not violate any other
restriction established hereunder or interfere with or adversely affect the integrity or
protectiveness of the Remedial Action. Grantor shall give Grantee and EPA at least thirty (30)
days advance written notice of the construction of any building in the Environmental Restriction
Area.

b. Notwithstanding the provisions of Paragraph 1 I.e., Grantor is expressly allowed to
conduct soil and groundwater sampling and monitoring, provided that such sampling and
monitoring has been approved in advance by the EPA, with reasonable opportunity for review
and comment by the Vermont Department of Environmental Conservation.

13. Emergency Excavation: If it becomes necessary to excavate a portion of the
Environmental Restriction Area in response to an emergency such as fire or flood, the Restrictive
Covenants of Paragraph 11 above, which would otherwise restrict excavation, shall be suspended
with respect to such emergency excavation for the duration of such emergency, provided that
Grantor:

a. Orally notifies the Grantees' Project Coordinator and EPA's Project Coordinator, or,
in his or her absence, EPA's Alternate Project Coordinator (as such coordinators are described in
the Consent Decree), or if both the EPA's designated representatives are unavailable, the
Director of the Office of Site Remediation and Restoration, EPA Region I, of such emergency, as
soon as possible, but not more than two hours after having learned thereof, to be followed with a
written notice to the Grantee and the EPA; and

b. Limits the actual disturbance involved in such excavation to the minimum reasonable
necessary to adequately respond to the emergency.

This provision shall not waive liability for release of hazardous substances, nor shall this
provision excuse compliance with CERCLA or any other applicable federal or state laws and
regulations.

14. Environmental Protection Easement: Grantor hereby grants to the Grantee an
irrevocable, permanent, and continuing right of access at all reasonable times to the Property for
the purpose of:

a. Implementing, monitoring, and/or maintaining the Remedial Action;

b. Verifying any data or information submitted to the United States or the Grantee;

c. Conducting investigations relating to contamination at or near the Site;



IN WITNESS WHEREOF, CLYDE BURGESS, JR., has executed this instrument
the day and year first above written.

CLYDE BURGESS JR.

91.

In the presence of:

Witness

STATE OF VERMONT
COUNTY OF BENNINGTON ss

On this <5/*^ day ofsJ
signer and sealer of the foregoing written
act and deed.

. 2005 personally appeared Clyde Burgess, Jr.,
veyance and acknowledged the same to be his free

Before me,

Attachments: Exhibit A -

Exhibit C -

Notary Public

My Commission Expires:,-O. /O < Q7

Legal Description of the Property
.:JDescription of the Environmental
—Restriction-Area

Description of the Site



Exhibit A

Legal Description of the Property

Being all and the same lands and premises conveyed to Clyde G. Burgess, Jr. by virtue of
a Quit Claim Deed from Clyde D. Howe and Lorraine Howe dated November 7, 1988 and
recorded on December 1,1988 in Book 28, Page 82 of the Woodford, Vermont Land Records
and recorded December 5,1988 in Book 0-276, Page 40 of the Bennington Land Records. The
lands and.premises are more particularly described as follows:

1. Land and premises in Bennington and Woodford lying alongside Burgess Road, being
all the land and premises described as the "FIRST PARCEL" in the Warranty Deed from Nellie
E. Burgess to Clyde G. Burgess, Clyde G. Burgess, Jr., and Clyde D. Howe, dated December 1,
1954, and recorded in the Bennington Land Recdfdsfiat Book 0-138 Page 23 and recorded
February 3, 1955 in Book 21, Page 121-122 of the Woodford Land Records.

2. Land and premises in Woodford, lying along the Bennington/Woodford boundary,
being all the land and premises, conveyed to Clyde Burgess, Sr. and Clyde Burgess, Jr. by
Warranty Deed dated May 24, 1958 and recorded in the Woodford Land Records at Book 21
Page 283.
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Exhibit B

Legal Metes and Bounds Description of the Environmental Restriction Area from a plan
titled Burgess Brothers Groundwater Reclassification Boundary dated April 12, 2004 by
Sitelines.

Beginning at an iron rod set in the southwest corner of the Groundwater
Reclassification Boundary (GRB) S 22° 56' W 46.8' from a 4" circular concrete
bound 5' up, said iron rod. Is easily located on the easterly side of the access road
to the site and 20'+/- from the centerline of said road;

Thence N 00° 1 3' W 21TT41 on the easterly side of the road fb an iron rod set in
stones 20MY- from the center of the road;

Thence N 62° 02' E 147,5' to an iron rod set;

Thence N 24° 58' E 806.5' to a white plastic pipe labeled P-06 in the northwesterly
corner of the GRB;

Thence S 63° 24' E 478.7' passing through monitoring well W-01B to an iron rod
set in the northeast corner of the GRB;

Thence S 22° 13' W 846.9' to monitoring well W-24T in the southeasterly corner
of the GRB;

Thence S 84° 51' W 234,0' to monitoring well W-28T;

Thence S 84° 52' W 2 1 9.51 to monitoring well W-29T;

Thence N 77° 47' W 1 29. 1 to the point and place of beginning, containing 1 1 .73
acres more or less. This environmental restriction area is the same area as the
Class IV ground water reclassification area.

The following is a Legal Metes and-Bounds Description of the Landfill Cap Area, which
is shown on the Survey Map dated November 12, 2004 from SITELINES, which survey map
describes the metes and bounds description of the Landfill Perimeter Fence which encloses the
Landfill Cap Area:

Beginning at a point the southwest corner of the fenced area marked by a metal fence post
corner in the chain link fence, said point being S 37° 54' 10" W 60.9' from monitoring well
W06D and S 54° 10' 55" W 99.1' from monitoring well WO4B;

11



Thence the following courses all along the chain link fence:

N 38° 49' 21" W 37.03' to a bend in the fence;

Thence N 29° 24' 13" W 68,58' to a gate in the fence;

Thence N 09° 54' 55" W 20.60' to the end of a gate in the fence;

Thence N 26° 02' 59" E 35.74' to a bend in the fence;

Thence W 01° 27' 10" E 126.70' to a bend in the fence;

Thence N 06° 40' 05" W 515.56' passing through a gate in the fence to the
southeast corner of a building.

Thence N 04° 36" W 24.32' along the southeasterly edge of said building to the
northeast corner of said building;

Thence N 03° 05' 37" W 5.63' through a gate in the fence to a bend in the fence;

Thence N 15° 46' 41" E 89.64' to a bend in the fence;

Thence N 00° 05' 13" W 151.68' to a corner in the fence;

Thence N 46° 433 42" W 44.74' to a corner in the fence;

Thence:N 24° 45' 1Z" E.2.6.33! to-a.corner in..the fence, the northerly most corner
of the fence;

Thence S 80° 00' 54" E 139.21' to a bend in the fence;

Thence N 68° 54' 18" E 94.66' to a comer in the fence;

Thence S 38° 13' 40" E 16.58' to abend.in the fence;

Thence S 50° 15' 05" E 167.83' to a corner in the fence the easterly most corner of
the fence;

Thence S 44° 15' 08" W 82.47' to a bend in the fence;

Thence S 11° 01' 53" W 18.30' to a bend in the fence;

Thence S 29° 48' 16" W 89.42' to a bend in the fence;
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Thence S 20° 08' 51" W 176.31' to abend in the fence;

Thence S 09° 12' 41" E 43.65' to a corner in the fence;

Thence S 36° 53' 35" W 152.14' to abend near a gate;

Thence S 51 ° 20' 02" W 84.65' to the point and place of beginning containing 3.26
acres more or less.
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Exhibit C

Description of the Site

The Burgess Brothers Superfund Site is located in the towns of Woodford and Bennington,
Bennington County, Vermont between Burgess Road and the Walloomsac Brook. The Site consists
of approximately three acres located in the northeastern section of an approximate 60-acre parcel
which is owned by Clyde Burgess, Jr. The Site includes the Former Landfill Area (approximately
two acres), within which existed two former disposal lagoons. To the south of the Former Landfill
Area is the Marshy Area and an unnamed tributary to Barney Brook. The Green Mountain National
Forest borders the Site to the north. The primary land use in the vicinity of the Site is undeveloped
forest. A more complete description of the Site can be found in Section 1 of the July 1996 Remedial
Investigation Report, and attached hereto.
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burier cap over the landfill. Source 
remediztion and natunl. degndation 

...... th, 

, "Un"" 

in !decrion of remedial 
waI.be wed in the 

absence of munerical runda.rds. 

GlOUll.dw11et quality would improve 
due to the tt'etUDeD.t of the lagoon 
soils:and consuuction of a multi· 
burler op over the 1and£il1. Source: 
remediation and nnun1 dcgnd11..iOD 
proc= would reduce the 
coGcemnUons to below MCLs. 

Groundwater quality would improve 
due to the treatment of the lagoon 
soils and construction of a multi· 
barrier cap over the landfil1. Source 

....t naunI. degndttiOD 

Hoi 
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~ """. 

I EPA Reference: Dosel (RIDs) and EPA 
Ca.rcinogUi A1se:ssmcnt Group 
Potency Factors 

EPA Health Advisories 

Executive 
: oj . ...:. 11990, 40 CPR Part 

" App<rulix A) 

Fedenl Fish l.Od Wildlife 
Coord.inltion Act (16 USC 661 ct . 

seqJ 40 CFR Put 6 

Federal Clean Water Act (33 USC 
"M), us Anny Co,!" of EngU=n 
N~lioJlwide Permit Pmgn.m {J3 CPR 
Put ))0), ~ Fedenl Guidelincs for 
Specificatioo of Disposal Sitcs" (40 

I r .. 

i,e,," ... ~ 
Toll< RIDs are do.5C levels EPA hu dcvdoped for 

Comidered use in risk duncteriution due 10 non-

carcinogens in vtriotu media. The Potency 
Facon ate wed to evaluate 111 lCctptable , ... ,. 

Toll< EPA publUhes conuttlmant-1pecific health 
Considered 1dvisorics that indicate the oon<Ucinogenic 

risks usoc:i1ted. with coruumiog 

Applicable leder3l agencies to 1'\1t)id imp~ru 

potential hum, preserve 
IJId avoid suppon of 

e exiru.. in ~1Ild.s if a pncticable 

Applicable . " consultation 

..nh '" "':~ • .1 Wildlife Service md state 
wildlife agencies to mitigate los.ses of fuh lIld 
wildlife thu mult from modi1icttion 011 

Under this requirement. no 1Ctivity that 
ad~d.1 affects a wetland shall be permitted 
if. pncticable iltemat:ive that hu less effect 
is 1lV1ilable. The reqoiremenu also describe 
2CUooi'to mjnjm;u admx impacu. 
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Co.o.sidutd in selection of remedial 
alternatM, and wiI1 be used in the 
a~ct of numerical standudl. 

ColI$idernl in selection of remedial 
alttnllUve, and will. be wed in the 
1b.!eDct of numerical standuds. 

would be resto~ 

Fi.sh and ~ildlife Service h1.1 been 
consulted rqudiag potentill impaeu 
to water boclies. 

Permit conditioO$ would be 
evaluated during prMcsig.n. 
Impacted wetlands will be rwored 

lor replicaled. 
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'F4libility 5tJuiy 

Burgm Brothm SllPerfund Siu 
BtMingron and Woodford, Vtrmont 

~ , , 

Action- !ill Air Pollution Comrol 

Spocific t {1n VSA Section 551 tt . 

• l'PR 50101,5-211, 5-21tto 5-252, 5-
11'i1.70 ""l>t . 5-301 to 50311, 5-501 to 
1 ;'102, Lru! ;,101~ 

Fedenl. RCRA Ajr Emission Staodarrls 
for Equipment Lew, iO CFR. Part 
2M, Subpart SS 

Fedenl. RCRA Air Emission St:mduds 
for Process Venu, <Kl aR. Pan 264, 

"r AA 

Clet.a Air Act· Non-Methane 
r, (40 CFR. Pan 60 

'""p'" WWWJ 

Groun.dwltU Vermont Ground'llfUu Protection 
Regulations (10 VSA Chaptu 48, EPR 

112,70< md !2-701) 

"" SI4/1I$ ',~~, ': 

Applicable Esublithes air quality !tandarrls and 
illO'1nble cIUc!wges. 

Appliable, if 
threWold limits tlw: conWm or conucu RCRA W1Std 'lIfith 

ace aceeded "', I"" 10% by 

Applicable, if Standanis foe air ~ons from process 
threshold limits vents usocizted with distillnion, 

are exceeded fnctioll2tion, thin film enpontion, column 
extnction or air!team stripping operations 
that tre2t RCRA mbstanc:es and have loul 

I amok , 

Rdevant and Regulations require NM:OCspecific gas 
Appropriate, if coll~on and control synems, monitoring, 

and gas gcncntion estimates. The rule 

'" ",=dod establishes a peOonnance nandud for 
NMOCs emissions of greaterthut 50 
lllegagram.s/year from mu.tlicipal solid waste 

"m" 
Applicable EstablUh n:mdan:is md requiremenu for 

monitoring. 
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SVE/air sparge.tySt~ Ul.d sy.n~ 
gencntoe ",ouJd be designed. to 
.nUfy~, 1imiu, 

sparge q.n~ would be 
sundards 

limits ace aceeded. 

SVE/airsparge system would be 
designed to utisfy c:miss.ion nanchnh 
if threshold limits are aceeded. 

Landfill gas venting .system would be 
designed to utisfy performance 
standards if threshold limits are 
",=dod, 

The grovnd'W'Uu monitoring 
be desjgned to sztUfr 

n..,., 
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Burgtn Brothm Superfund Siu 
Bmnington and Woodford, Vmnont 

. 
'fu. Medlum R"""""'"", 

Surlace W:lter Vermont Water Quality Standards (to 
VSA Chtpter 47, EPR ~ns 1-04,2-
01, 2-02,2..(13, 2-05. )..(It, 3-03, 3-04, and 

Appendix C and D) 

Fede.r:al Clean Water Act -Ambient 
Water Quality Critem 

Sediment Ontario MilWtry of the Environment 
Sediment Quality Guidelines 

L~dfiII Federal RCRA Subtide C, 
Material Regulations, -40 CPR Put 26-4 Subpart 

N • Landfills Section 26-tJI0" 

s_ . .......... 
S k",r;I"""". 

Relevant and Outlines criwi1 for d..ischarging to surface 
Appropriate waters, rum as di.uolw.d oxygen, 

tempemun:, nutrie.nu, pH, and alkalinity, 
a.od ontlines water quwty criteria for 
prot~on of aquuic biot:a. 

. 

Relev:ant :and Pumwn to Section 304(a)(1) of the Clean 
Appropriate Water ACt, the EPA eru.blishes Ambient 

Water Quality Criteria. These anena 
presem sciemllic dm and guidance on the 
en-vironmental effects of poUut:anu. The 
criteria CUl contribute to establishing 
regu1nory requirements that govern impacts 
to water crualiry. 

To be The Sediment Quality Guidelines pruent 
Considered scientific data and guidance 011 the 

environmental effects of poUuunu. The 
criteri1 can contn"bute to establishing 
requimnenu thlt go'VUD impaCtS to 

sediment quality. 

Relevlllt rod Requiremenu for Hua.rdow Waste bndJili 
Apprnpri1te clo!W'e. 

Page 4 016 

A.ttiun toit! T aktn It) Att4in ARA.R 

Source conuol mt!Uuru would 
control erruion, runoff and 
cont:am.i.cant qratioll znd thereby 
improve Mace w:ater quality ovu 
time. Waer Qu:ality Sunduds will 
be used to me1$lll'e the eHeccive.nw 
of source control m~. 

Source colluol measures would 
control erosion, runoff and 
conwxtin.mt mjg.ntion 1I1d thereby 
improve sw1:aCC water quality OYU 

time. Watt.r Quality Criteria will be 
used to measure the e£fectiv-enas of 
source conuol me:&SW"es. 

Sediment quality would improve due 
to the presence of a cap. However, 
existing inorganic concentrations 
would not change signi6ca.otly. 
Sediment Quality Guidelinu will bt 
wed to roeasure the eHecti~ess of 
source conuol roea.turo. 

landlill cap design and corutnlaioD 
would UtWy requireme.nu. 
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f,mbili17 SlmIy 

Burgm Brothus Superfund Siu 
Bmmngton lind Woodford. Vermont 

Fcdtnl ReRA Subtitle e Regulations, 
-40 CFR Part 264 Subpart B -GencnJ. 

Fcdenl ReRA Subtitle e R~ons, 
40 aR. Put 264 Subput F -Rd~ 
£rom Solid Wute Mmagement UnitS, 

5«Uoru 264.95, 2".9'(~ "'" (,), 

RCM Subtitle C 
aR. Put 264 Subp:an 

-Closure 14d POSt Closure, Sections 
• 

USEP A T ech.nical GWd:ance 
Docum~: Fjn.J Cown on Hn.mious 
W' 41ft umlfiJls twi SNrfoce 

Management for Remedial Action 
Remedial Design Waste 

Containment Systems (EPAlS401R-

Rdevant md Reqtti=enu for developing 1. Construction cap construction would 
Appropriate Quility A.tsun.nce Progn.m for final cover requittmenu. 

Rdenm.md G.roun.dw:ucr monitoring rcquircmc.nu md The groundwner monitorint: 
Appropri:ate determining the need prognm would be designed to s:awfy 

monitoring 2O.d col'TK'tivc th~ requirements_ 

Rd~md n:andud..! for l:andf'ill dosun: and pon-clo.rurc 
Approprine closure of ha:wdous wute Lanclfill.s :and requircnenu would be sttW.ied. 

groundwater monitoring. 

To", Presenu [c:cb.nic:aI sptt:i£icn.ion.s for the Guid:ance would be considered 
Considered design of multi-burier covers at l:aod£i1b: at design of hnd£i1.1 c:ap_ 

which launfOUJ W"-!teS were disprued. 

Considered design of multi-buricr co~:at la.nd.£i11s:at duriag design of landfill C2p_ 
which hu.udOUJ 'W1!teS were disposed. 
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'N>e Mdium Rt4U/rem"", 
USEP A Technical Guidance 

Document QA and QC for Waste 

Containment Facilities 
(EPN600IR·93/182, September 

1993) 
USEPA Technioal Goidan<e 
Document: A1temative Cap Design 

Guidance for Unlined Hazardous 
Waste Landfills, EPA Region I, 

September 30, 1997. 

Stttt#S s .. """'4tit'Q,",,","''' 
To Be Presents tcchn.ieal speci6cztions for the 

Considered design of multi-bmiet cown at laodIil.ls at 
which bu.udou.s wastes were disposd. 

To Be Presenu technical spec:iBatioas for the 
Coasidered design of multi-burie:r ~ at landfills at 

which launfow W'U'.es Wtte disposed. 

• RCRA reqwrt.menu:are made effectlve by the Vumont Hazardous Waste Regul:mons (EPR 7-502) • 
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Guidance would be considered 
during de;,jgn oflaodffil cap. 

Guidance would be coasidered 
du.ri.o( design of land6ll cap. 
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Appendix C-1
Alternative 1 - No Further Additional Action

Cost Summary Sheet

CAPITAL COSTS

TOTAL ESTIMATED CAPITAL COSTS -$                  

O&M COSTS

Long-Term Monitoring 1,070,200$   
Annual Cost 75,000$         

Assumed Number of Years 100

Maintenance of Institutional Controls 35,700$        
Annual Cost 2,500$           

Assumed Number of Years 100

5-Year Reviews 86,800$        
Unit Cost 35,000$         

Assumed Number of Reviews 20

TOTAL ESTIMATED O&M COSTS 1,192,700$   

TOTAL ESTIMATED CAPITAL COSTS -$                   
TOTAL ESTIMATED O&M COSTS 1,192,700$    

TOTAL ESTIMATED REMEDIATION COSTS 1,192,700$   

Notes:
- Operations and maintenance (O&M) costs are calculated as Net Present Value (NPV)
- NPV calculations include a discount rate of 7 percent before tax and without inflation

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Appendix C-2
Alternative 2 - Areas A and B In-Situ Remedy, and MNA in Area C

Cost Summary Sheet

ISCO Only ERD Only ISSM Only Combination of ISCO, ERD & ISSM
Option Option Option ISCO ERD ISSM 

Portion Portion Portion

CAPITAL COSTS

Institutional Controls -$                   -$                   -$                   -$                 

Pre-Design Investigation 80,800$         80,800$         80,800$         80,800$       

Predictive Modeling 15,000$         15,000$         15,000$         15,000$       

Technology Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 156,000$       145,200$       40,000$         128,400$     142,800$     40,000$       

System Design and Implementation Work Plan 50,400$         56,400$         95,000$         27,600$       56,400$       85,000$       
Site Preparation, Mob and DeMob 32,400$         42,400$         167,500$       13,400$       42,400$       87,500$       

Injection and Monitoring Network Installation 2,002,810$    368,144$       40,775$         316,695$     254,741$     15,119$       
Process Equipment Fabrication and Installation -$                   72,200$         -$                   -$                 72,200$       -$                 

Oxidant Cost 1,542,196$    -$                   -$                   231,329$     -$                 -$                 
Soil Mixing -$                   -$                   5,426,842$    -$                 -$                 915,526$     

Trenching and Piping -$                   99,360$         -$                   -$                 91,080$       -$                 
Oxidant Injection and Operation 1,501,600$    -$                   -$                   408,400$     -$                 -$                 
System Startup and Shakedown -$                   274,000$       -$                   -$                 97,000$       -$                 

Site Restoration -$                   -$                   33,550$         -$                 -$                 21,583$       
Subtotal 5,285,405$    1,057,704$    5,803,667$    1,125,824$  756,621$     1,164,727$  

Technology Performance Operation -$                   1,356,000$    -$                   904,000$     
Assumed Number of Years 0 3 0 2

Technology Performance Monitoring 88,000$         352,000$       264,000$       264,000$     
Assumed Number of Years 1 4 3 3

SUBTOTAL CAPITAL COSTS 5,469,200$    2,861,500$    6,163,500$    4,311,000$  

Contingency (25%) 1,367,300$    715,400$       1,540,900$    1,077,800$  

SUBTOTAL CAPITAL COSTS 6,836,500$    3,576,900$    7,704,400$    5,388,800$  

Project Management (5%) 341,800$       178,800$       385,200$       269,400$     
Remedial Design (8%) 546,900$       286,200$       616,400$       431,100$     
Construction Management (6%) 410,200$       214,600$       462,300$       323,300$     
Subtotal PM, RD and CM Costs 1,298,900$    679,600$       1,463,900$    1,023,800$  

TOTAL ESTIMATED CAPITAL COSTS 8,135,400$    4,256,500$    9,168,300$    6,412,600$  

O&M COSTS

MNA and Long-Term Monitoring 1,022,000$    1,032,100$    $1,036,400 1,039,300$  
Assumed Number of Years 23.5 27 26 26.25

Maintenance of Institutional Controls 28,400$         30,000$         29,600$         29,700$       
Annual Cost 2,500$           2,500$           2,500$           2,500$         

Assumed Number of Years 23.5 27 26 26.25

5-Year Reviews 75,900$         80,800$         80,800$         80,800$       
Unit Cost 35,000$         35,000$         35,000$         35,000$       

Assumed Number of Reviews 5 6 6 6

TOTAL ESTIMATED O&M COSTS 1,126,300$    1,142,900$    1,146,800$    1,149,800$  

TOTAL ESTIMATED CAPITAL COSTS 8,135,400$    4,256,500$    9,168,300$    6,412,600$  
TOTAL ESTIMATED O&M COSTS 1,126,300$    1,142,900$    1,146,800$    1,149,800$  

TOTAL ESTIMATED REMEDIATION COSTS 9,261,700$    5,399,400$    10,315,100$  7,562,400$  

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Appendix C-2
Alternative 2 - Areas A and B In-Situ Remedy, and MNA in Area C

Cost Summary Sheet

ISCO Only ERD Only ISSM Only Combination of ISCO, ERD & ISSM
Option Option Option ISCO ERD ISSM 

Portion Portion Portion

Incremental Cost for 20% Additional Area for In-Situ Remediation

INCREMENTAL CAPITAL COSTS

Technology Design, Installation, and Startup
System Design and Implementation Work Plan 20,400$         20,400$         85,000$         -$                 33,600$       -$                 

Site Preparation, Mob and DeMob 14,600$         14,600$         82,500$         -$                 44,400$       -$                 
Injection and Monitoring Network Installation 430,001$       89,068$         15,119$         77,410$       65,291$       -$                 

Process Equipment Fabrication and Installation -$                   16,200$         -$                   -$                 14,700$       -$                 
Oxidant Cost 308,439$       -$                   -$                   46,266$       -$                 -$                 

Soil Mixing -$                   -$                   1,177,368$    -$                 -$                 282,155$     
Trenching and Piping -$                   20,000$         -$                   -$                 18,000$       -$                 

Oxidant Injection and Operation 354,800$       -$                   -$                   153,700$     -$                 -$                 
Site Restoration -$                   -$                   22,110$         -$                 -$                 45,317$       

Subtotal 1,128,240$    160,268$       1,382,097$    277,376$     175,991$     327,471$     

Technology Performance Operation -$                   452,000$       -$                   452,000$     
Assumed Additional Number of Years 0 2 0 2

Technology Performance Monitoring 88,000$         176,000$       176,000$       176,000$     
Assumed Additional Number of Years 1 2 2 2

SUBTOTAL INCREMENTAL CAPITAL COSTS 1,216,200$    788,300$       1,558,100$    1,408,800$  

Contingency (25%) 304,100$       197,100$       389,500$       352,200$     

SUBTOTAL INCREMENTAL CAPITAL COSTS 1,520,300$    985,400$       1,947,600$    1,761,000$  

Project Management (5%) 76,000$         49,300$         97,400$         88,100$       
Remedial Design (8%) 121,600$       78,800$         155,800$       140,900$     
Construction Management (6%) 91,200$         59,100$         116,900$       105,700$     
Subtotal PM, RD and CM Costs 288,800$       187,200$       370,100$       334,700$     

ESTIMATED INCREMENTAL CAPITAL COSTS 1,809,100$    1,172,600$    2,317,700$    2,095,700$  

INCREMENTAL O&M COSTS

Long-Term Monitoring 13,000$         19,800$         10,900$         20,800$       
Assumed Additional Number of Years 1 2 1 2

Maintenance of Institutional Controls 500$              700$              400$              700$            
Assumed Additional Number of Years 1 2 1 2

5-Year Reviews -$                   -$                   -$                   -$                 
Assumed Additional Number of Reviews 0 0 0 0

ESTIMATED INCREMENTAL O&M COSTS 13,500$         20,500$         11,300$         21,500$       

ESTIMATED INCREMENTAL CAPITAL COSTS 1,809,100$    1,172,600$    2,317,700$    2,095,700$  
ESTIMATED INCREMENTAL O&M COSTS 13,500$         20,500$         11,300$         21,500$       

ESTIMATED INCREMENTAL REMEDIATION COS 1,822,600$    1,193,100$    2,329,000$    2,117,200$  

Notes:
- Operations and maintenance (O&M) costs are calculated as Net Present Value (NPV)
- NPV calculations include a discount rate of 7 percent before tax and without inflation
- Costing for in-situ remediation of 20% additional area assumes continued technology performance operation
  for two additional years at one half of the full-scale O&M costs

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

Pre-Design Investigation Costs

Component Quantity Units $/Unit Cost
Pre-design investigation

1.1 Pre-design investigation workplan 1 LS 12,000$    12,000$                
1.2 Pre-design investigation

1.2.1 Soil sampling 1 ea 4,800$      4,800$                  
1.2.2 Temporary well installation and groundwater sampling 6 ea 4,800$      28,800$                
1.2.3 Groundwater sampling from existing monitoring wells 3 ea 2,400$      7,200$                  
1.2.4 VOC Analytical costs 50 ea 100$         5,000$                  
1.2.5 MNA and physical parameter analytical costs 20 ea 250$         5,000$                  

Assumptions:
- Soil and groundwater sampling using Geoprobe
- Up to 6 soil sampling locations
- Up to 20 temporary well installation for groundwater sampling
- Up to 12 existing monitoring well sampling
- 1 days of direct push drilling for soil sampling
- 6 days of direct push drilling for groundwater sampling/temp well installation
- 3 days of groundwater sampling from existing wells
- Analytical parameters include soil and groundwater VOCs, MNA parameters,
  soil physical and groundwater geochemical parameters.
- Collection of soil and groundwater samples for bench/treatability testing

1.3 Pre-design investigation report 1 LS 18,000$    18,000$                
Subtotal 80,800$               

TOTAL CAPITAL COST: 80,800$                

80,800$       

Appendix C-2
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ERD Only - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study and field pilot test

1.1 Treatability study 1 LS 18,000$     18,000$                    
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Field pilot testing
1.2.1 Pilot test workplan 1 LS 8,400$       8,400$                      
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                      
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                      
1.2.4 Mobilization/demobilization 6 LS 2,400$       14,400$                    
1.2.5 Field injection 1 LS 48,000$     48,000$                    
1.2.6 Post-injection performance monitoring 4 ea 7,200$       28,800$                    
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                    

Pilot Test Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 145,200$                  

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                    
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                      
2.3 Batching & injection equipment design and RFP for equipment fabrication 1 LS 12,000$     12,000$                    
2.4 Design Report 1 LS 12,000$     12,000$                    
2.5 Implementation plan 1 LS 12,000$     12,000$                    

Subtotal 56,400$                    

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                      
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                      

- Including clearing of wooded area that would be actively remediated
3.3 Coordination with subcontractors 1 LS 9,600$       9,600$                      
3.4 Building preparation 1 LS 15,000$     15,000$                    

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                      
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                      

Subtotal 42,400$                    

4. Injection & Monitoring Well Network Installation
4.1 Injection well installation

4.1.1 Injection well installation in capped area 60 ea 2,400$       144,000$                  
4.1.2 Injection well installation in uncapped area 60 ea 1,900$       114,000$                  

- Total target area 52,750 SF
- Total depth 25 ft
- Well spacing 25 ft
- Radius of influence 12.5 ft
- Half of the wells to be installed in the capped area
- Appropriate sealing of wells in the landfill area

4.2 Monitoring well installation 
4.2.1 Monitoring well installation in capped area 5 ea 2,400$       12,000$                    
4.2.2 Monitoring well installation in uncapped area 5 ea 1,900$       9,500$                      

- 10 new monitoring wells for performance monitoring
- 5 wells in capped area, 5 wells in uncapped area

4.3 On-site soil and water management 1 LS 5,000$       5,000$                      
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                      
4.5 Development water off-site disposal to a hazardous waste landfill 10 drum 100$          1,000$                      

- Development water 10 drums
4.6 Soil off-site disposal to a hazardous waste landfill 32 CY 160$          5,144$                      

- Soil cuttings 32 CY
4.7 Wellhead assemblies installation 120 ea 600$          72,000$                    
4.8 Well survey 1 LS 2,500$       2,500$                      

Subtotal 368,144$                  

Appendix C-2
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ERD Only - Capital Costs

5. Process equipment fabrication and installation
5.1 Batching & Injection equipment fabrication 1 LS 50,000$     50,000$                    

- Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
  distribution headers, piping and wiring

5.2 Freight 1 LS 7,200$       7,200$                      
5.3 On-site installation of process equipment 1 LS 15,000$     15,000$                    

- includes electrical & mechanical connections
Subtotal 72,200$                    

6. Trenching and piping
6.1 Overhead piping in Capped Area A 1 LS 53,280$     53,280$                    

- 6" pipe LF 300 5.00$      1,500$     
- 2" pipe LF 840 2.00$      1,680$     
- 1" pipe LF 1440 0.75$      1,080$     
- Plumbing 2580 3.00$      7,740$     
- Fittings 645 4.00$      2,580$     
- Installation supports 2580 5.00$      12,900$   
- Insulation & heat trace 2580 10.00$    25,800$   

6.2 Trenching and below grade piping in Areas A (uncapped) & B 1 LS 46,080$     46,080$                    
- Trenching & backfilling 2880 10.00$    28,800$   
- 6" pipe LF 600 5.00$      3,000$     
- 2" pipe LF 840 2.00$      1,680$     
- 1" pipe LF 1440 0.75$      1,080$     
- Plumbing 2880 3.00$      8,640$     
- Fittings 720 4.00$      2,880$     

Subtotal 99,360$                    

7. System startup and shakedown
7.1 Eight week event 8 ea 19,500$     156,000$                  

- Assuming 2 engineers & 1 team leader for each week
7.2 Chemical, water, electrical & other materials and equipment costs 1 LS 100,000$   100,000$                  
7.3 Completion report & as-builts 1 LS 18,000$     18,000$                    

Subtotal 274,000$                  

TOTAL CAPITAL COST: 1,057,704$               

1,057,704$    
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

Injection Network for ERD Only - Capital Cost Backup

Area
Surface 

Area (ft2)
Well Depth 

(ft)
Radium of 
Influence # Wells

Area A 28,350 25.0 12.5 69.3
Area B1 4,700 25.0 12.5 10.5
Area B2 19,700 25.0 12.5 40.2
Total 52,750 120

Saturated thickness 15.0 ft
influence volume per well 13762 gal

injection rate 0.5 gpm

pore volume injected 0.1
Injection volume/well 1376 gal

injection duration 46 hrs
6 days

Number of injection wells in a group 40
Number of group for injection 3

Total number of injection days 18

Assuming 4 week injection event

Total volume injected every event = 165186 gal
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

O&M Costs for ERD Only and ERD portion of the Combination (ISCO/ERD/ISSM) option

Quantity Units $/Unit Cost
1. Operation & Maintenance: Electron donor injection

1.1 Quarterly injections 4 ea 78,000$     312,000$                  
- Assuming 2 field engineers/scientists & 1 team leader for 4 weeks
- $6,000/engineer/week, $7,500/team leader/week  (including labor & expenses)

1.2 Chemical, water, electrical & other materials and equipment costs 4 LS 20,000$     80,000$                    
1.3 Equipment/materials 4 LS 3,000$       12,000$                    
1.4 Mobilization/demobilization 4 LS 12,000$     48,000$                    

Subtotal 452,000$                  

452,000$  
Annual O&M Cost: 452,000$  

Notes:
Based on the cleanup timeframe estimates, the ERD Only system would operate for 3 years.

microbial acclimatization time: 6 months
remedy time: 23 months
safety factor: 6 months

Total = ~ 3 years
It is assumed the ERD portion of the Combination (ISCO/ERD/ISSM) would operate for 2 years as elevated concentrations would be treated by ISCO/ISSM.

Component
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

Monitoring Costs for ERD Only, ISCO Only, ISSM Only and the Combination (ISCO/ERD/ISSM) option

Quantity Units $/Unit Cost

1. ERD performance monitoring
1.1  Mobe/demobe 4 ea 2,400$       9,600$                     
1.2 Performance monitoring visits 4 ea 9,600$       38,400$                   
     - Performance monitoring visits: Quarterly
1.3  Sampling equipment and materials 4 ea 1,200$       4,800$                     
1.4  Monitoring well/piezometer samples 80 ea 140$          11,200$                   
     - Monitoring well/piezometer samples = 20 samples per event
1.5  Data compilation, evaluation, tech memo 4 ea 6,000$       24,000$                   

Subtotal 88,000$                   

Annual Monitoring Cost: 88,000$   
88,000$   

Notes:
Monitoring would be performed through the duration the ERD system operation and one additional year after injection completion
Based on the above assumption, monitoring would be conducted for 4 years under ERD only option and 3 years under the Combination option
Monitoring would be conducted for 1 year under the ISCO only option, and for 3 years under ISSM only option
This active remedy monitoring will be on a quarterly basis in addition to standard MNA monitoring conducted at the site
Monitoring assumes a 3-day field event and number of samples include blanks and duplicates

Component
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ISCO Only - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 12,000$     12,000$                    
- Treatability testing for oxidant demand & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$       6,000$                      
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                      
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                      
1.2.4 Mobe/demobe 6 LS 6,000$       36,000$                    
1.2.5 Field injection 1 LS 60,000$     60,000$                    
1.2.6 Post-injection performance monitoring 2 ea 7,200$       14,400$                    
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                    

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 156,000$                  

2. System implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                    
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                      
2.3 Batching & injection equipment design and Specification for equipment fabrication 1 LS 12,000$     12,000$                    
2.4 Implementation plan 1 LS 18,000$     18,000$                    

Subtotal 50,400$                    

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                      
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                      

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                      
3.4 Storage building preparation 1 LS 5,000$       5,000$                      

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                      
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                      

Subtotal 32,400$                    

4. Injection & Monitoring Well Netwrok and Injection Wellhead Installation
4.1 Injection well installation

4.1.1 Injection well installation in capped area (drilling + oversight) 333 ea 2,400$       799,200$                  
4.1.2 Injection well installation in uncapped area (drilling + oversight) 333 ea 1,900$       632,700$                  

- Total target area 52,750 SF
- Total depth 25 ft
- Well spacing 15 ft
- Radius of influence 7.5 ft
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- Half of the wells to be installed in the capped area
- Appropriate sealing of wells in the landfill area

4.2 Monitoring well installation 
4.2.1 Monitoring well installation in capped area 7 ea 2,400$       16,800$                    
4.2.2 Monitoring well installation in uncapped area 7 ea 1,900$       13,300$                    

- 12 new monitoring wells for performance monitoring
- 6 wells in capped area, 6 wells in uncapped area

4.3 On-site soil and water management 1 LS 5,000$       5,000$                      
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                      
4.5 Development water off-site disposal to a hazardous waste landfill 14 drum 100$          1,400$                      

- Development water 14 drum
4.6 Soil off-site disposal to a hazardous waste landfill 168 CY 160$          26,910$                    

- Soil cuttings 168 CY
4.7 Injection hoses & wellhead assemblies and installation 666 ea 750$          499,500$                  
4.8 Well survey 1 LS 5,000$       5,000$                      

Subtotal 2,002,810$               
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ISCO Only - Capital Costs

5. Oxidant cost
5.1 Permanganate cost 652781 LS 2.25$         1,468,758$               

- Total target area (SF) 52,750
- Total interval/depth (ft) 15
- Target soil volume (CY) 29306
- SOD = 5 g/Kg 5
- Permanganate (lb) 435188
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 73,438$     73,438$                    
Subtotal 1,542,196$               

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 294 days 4,500$       1,323,000$               
6.2 pore volume of solution during each injection event

- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 40 well screens
- Total Injection days = 98 days per event & 3 events

6.3 Water & other materials 1652000 LS 0.050$       82,600$                    
6.4 Crew+Equip Mobe/Demobe 3 LS 24,000$     72,000$                    
6.5 Completion Report 1 LS 24,000$     24,000$                    

Subtotal 1,501,600$               

TOTAL CAPITAL COST: 5,285,405$               

5,285,405$    
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

Injection Network for ISCO Only - Capital Cost Backup

Area
Surface 

Area
Well Depth 

(ft) ROI # Wells
Area A 28,350 25.0 7.5 192.6
Area B1 4,700 25.0 7.5 29.3
Area B2 19,700 25.0 7.5 111.5

Total 52,750 333
two depth intervals 667

total saturated thickness 15
influence volume per well 2477 gal

injection rate 0.5 gpm

pore volume injected 0.5 3 dosing events
Injection volume/well 1239 gal

injection duration 41 hrs
6 days
7 hr/day injection

Total volume injected every event = 825932 gal

No of wells - simultaneous injection 40
total injection duration 98 days
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ISSM Only - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study

1.1 Treatability/bench-scale study/column Test 1 LS $30,000 $30,000
- Treatability testing for choosing ZVI+substrate & dosing

1.2 Technical interpretation 1 LS $10,000 $10,000
Subtotal $40,000

2. System design & implementation workplan
2.1 Design calcuations including dosing rates, hydraulic calculations 1 LS $25,000 $25,000
2.2 Process design, batching and piping for ZVI/substrate mixing 1 LS $10,000 $10,000
2.3 Design Report including soil erosion plan 1 LS $40,000 $40,000
2.5 Implementation Plan 1 LS $20,000 $20,000

Subtotal $95,000

3. Site preparation/mobilization/demobilization/coordination
3.1 Permitting 1 LS $10,000 $10,000
3.2 Site cleaning, extend roads, grading a level working platform 1 LS $25,000 $25,000
3.3 Coordination with contractors/subcontractors 1 LS $2,500 $2,500
3.4 Mobilize/demobilize 1 LS $15,000 $15,000
3.5 Construction Survey 1 LS $5,000 $5,000
3.6 Temporary removal of the landfill cap for ISSM, and reinstallation after ISSM 1 LS $100,000 $100,000
3.7 Rerouting stream in Area B 1 LS $10,000 $10,000

Subtotal $167,500

4. Soil mixing 
4.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 48,843 CY $100 $4,884,259
- Treatment Area  SF 52,750
- total thickness ft 25
- Mobilization/demobilization 1 LS $100,000 $100,000
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS $5,000 $5,000

4.2 Iron including delivery (based upon the quote provided by ETI) 305 tons $1,155 $352,582
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

4.3 Chemical, water, electrical & other materials and equipment costs 1 LS $80,000 $80,000
4.4 On-site soil and water management 1 LS $5,000 $5,000

Subtotal $5,426,842

4. Monitoring Well Network Installation
4.1 Monitoring well installation 12 ea $2,400 $28,800
4.2 On-site soil and water management 1 LS $5,000 $5,000
4.3 Cuttings/development water sampling & characterization 6 LS $500 $3,000
4.5 Development water off-site disposal to a hazardous waste landfill 10 drum $100 $1,000
4.6 Soil off-site disposal to a hazardous waste landfill 3 CY $160 $475
4.8 Well survey 1 LS $2,500 $2,500

Subtotal $40,775

5. Site Restoration 
5.1 Grade site and Hydroseed 1 LS $15,550 $15,550

Seed- $0.20/SF
Grade the site $5,000

5.2 As-Builts/Completion Report 1 LS $18,000 $18,000
Subtotal $33,550

TOTAL CAPITAL COST: $5,803,667

5,803,667$   

Appendix C-2
Page 12 of 26



Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ERD Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
 1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 18,000$     18,000$                    
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$       6,000$                      
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                      
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                      
1.2.4 Mobe/demobe 6 LS 2,400$       14,400$                    
1.2.5 Field injection 1 LS 48,000$     48,000$                    
1.2.6 Post-injection performance monitoring 4 ea 7,200$       28,800$                    
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                    

Pilot test assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 142,800$                  

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                    
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                      
2.3 Batching & injection equipment design and RFP for equipment fabrication 1 LS 12,000$     12,000$                    
2.4 Design Report 1 LS 12,000$     12,000$                    
2.5 Implementation plan 1 LS 12,000$     12,000$                    

Subtotal 56,400$                    

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                      
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                      

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                      
3.4 Building preparation 1 LS 15,000$     15,000$                    

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                      
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                      

Subtotal 42,400$                    

4. Injection & Monitoring Well Netwrok Installation
4.1 Injection well installation

4.1.1 Injection well installation in capped area 42 ea 2,400$       100,800$                  
4.1.2 Injection well installation in uncapped area 42 ea 1,900$       79,800$                    

- Total target area 36,925 SF
- Total depth 25 ft
- Well spacing 25 ft
- Radius of influence 12.5 ft
- Half of the wells to be installed in the capped area
- Appropriate sealing of wells in the landfill area

4.2 Monitoring well installation 
4.2.1 Monitoring well installation in capped area 4 ea 2,400$       9,600$                      
4.2.2 Monitoring well installation in uncapped area 4 ea 1,900$       7,600$                      

- 10 new monitoring wells for performance monitoring
- 5 wells in capped area, 5 wells in uncapped area

4.3 On-site soil and water management 1 LS 5,000$       5,000$                      
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                      
4.5 Development water off-site disposal to a hazardous waste landfill 8 drum 100$          800$                         

- Development water 8 drum
4.6 Soil off-site disposal to a hazardous waste landfill 23 CY 160$          3,641$                      

- Soil cuttings 23 CY
4.7 Wellhead assemblies installation 84 ea 500$          42,000$                    
4.8 Well survey 1 LS 2,500$       2,500$                      

Subtotal 254,741$                  
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ERD Portion of ERD/ISCO/ISSM Remedy - Capital Costs

5. Process equipment fabrication and installation
5.1 Batching & Injection equipment fabrication 1 LS 50,000$     50,000$                    

- Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
  distribution headers, piping and wiring

5.2 Freight 1 LS 7,200$       7,200$                      
5.3 On-site installation of process equipment 1 LS 15,000$     15,000$                    

- includes electrical & mechanical connections
Subtotal 72,200$                    

6. Trenching and piping
6.1 Above ground piping in Capped Area A 1 LS 48,840$     48,840$                    

- 6" pipe LF 275 5.00$      1,375$       
- 2" pipe LF 770 2.00$      1,540$       
- 1" pipe LF 1320 0.75$      990$          
- Plumbing 2365 3.00$      7,095$       
- Fittings 591.25 4.00$      2,365$       
- Installation supports 2365 5.00$      11,825$     
- Insulation & heat trace 2365 10.00$    23,650$     

6.2 Trenching and below grade piping in Areas A (uncapped) & B 1 LS 42,240$     42,240$                    
- Trenching & backfilling 2640 10.00$    26,400$     
- 6" pipe LF 550 5.00$      2,750$       
- 2" pipe LF 770 2.00$      1,540$       
- 1" pipe LF 1320 0.75$      990$          
- Plumbing 2640 3.00$      7,920$       
- Fittings 660 4.00$      2,640$       

Subtotal 91,080$                    

7. System startup and shakedown
7.1 Two week event 2 ea 19,500$     39,000$                    

 - Assuming 2 engineers & 1 senior engineer for each week
7.2 Chemical, water, electrical & other materials and equipment costs 1 LS 40,000$     40,000$                    
7.3 Completion report & as-builts 1 LS 18,000$     18,000$                    

Subtotal 97,000$                    

TOTAL CAPITAL COST: 756,621$                  

756,621$       
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ISCO Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
˜ 1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 12,000$    12,000$                   
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$      6,000$                     
1.2.2 Injection/monitoring well installation 1 LS 8,400$      8,400$                     
1.2.3 Baseline sampling 1 LS 7,200$      7,200$                     
1.2.4 Mobe/demobe 6 LS 2,400$      14,400$                   
1.2.5 Field injection 1 LS 54,000$    54,000$                   
1.2.6 Post-injection performance monitoring 2 ea 7,200$      14,400$                   
1.2.7 Pilot test reporting 1 LS 12,000$    12,000$                   

Pilot test assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 128,400$                 

2. System design & implementation workplan
2.1  Design calculations including dosage rates, concentrations, duration 1 LS 6,000$      6,000$                     
2.2  Process design including injection/monitoring well layout & piping design 1 LS 3,600$      3,600$                     
2.3  Batching & injection equipment design and Specification for equipment fabrication 1 LS 6,000$      6,000$                     
2.4  Design Report (combined report with ERD/ISCO design) 1 LS 6,000$      6,000$                     
2.5  Implementation plan (combined plan with ERD/ISCO application) 1 LS 6,000$      6,000$                     

Subtotal 27,600$                   

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$      2,000$                     
3.2 Site cleaning/prep 1 LS 1,000$      1,000$                     

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 3,600$      3,600$                     
3.4 Building preparation 1 LS 2,000$      2,000$                     

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 3,600$      3,600$                     
3.6 Power supply hookups/upgrade 1 LS 1,200$      1,200$                     

Subtotal 13,400$                   

4. Injection & Monitoring Well Netwrok and Injection Wellhead Installation
4.1 Injection well installation

4.1.1 Injection well installation in capped area (drilling + oversight) 50 ea 2,400$      120,000$                 
4.1.2 Injection well installation in uncapped area (drilling + oversight) 50 ea 1,900$      95,000$                   

- Total target area 7,913 SF
- Total depth 25 ft
- Well spacing 15 ft
- Radius of influence 7.5 ft
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- Half of the wells to be installed in the capped area
- Appropriate sealing of wells in the landfill area

4.2 Monitoring well installation 
4.2.1 Monitoring well installation in capped area 3 ea 2,400$      7,200$                     
4.2.2 Monitoring well installation in uncapped area 3 ea 1,900$      5,700$                     

- 6 new monitoring wells for performance monitoring
- 3 wells in capped area, 3 wells in uncapped area

4.3 On-site soil and water management 1 LS 5,000$      5,000$                     
4.4 Cuttings/development water sampling & characterization 6 LS 500$         3,000$                     
4.5 Development water off-site disposal to a hazardous waste landfill 6 drum 100$         600$                        

- Development water 6 drum
4.6 Soil off-site disposal to a hazardous waste landfill 26 CY 160$         4,195$                     

- Soil cuttings 26 CY
4.7 Injection hoses & wellhead assemblies and installation 100 ea 750$         75,000$                   
4.8 Well survey 1 LS 1,000$      1,000$                     

Subtotal 316,695$                 
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ISCO Portion of ERD/ISCO/ISSM Remedy - Capital Costs

5. Oxidant cost
5.1 Permanganate cost 97917 LS 2.25$        220,314$                 

- Total target area (SF) 7,913
- Total interval/depth (ft) 15
- Target soil volume (CY) 4396
- SOD = 5 g/Kg 5
- Permanganate (lb) 65278
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 11,016$    11,016$                   
Subtotal 231,329$                 

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 72 days 4,500$      324,000$                 
6.2 pore volume of solution during each injection event

- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 25 well screens
- Total Injection days = 24 days per event & 3 events

6.3 Water & other materials 248000 LS 0.050$      12,400$                   
6.4 Crew+Equip Mobe/Demobe 3 LS 18,000$    54,000$                   
6.5 Completion Report 1 LS 18,000$    18,000$                   

Subtotal 408,400$                 

TOTAL CAPITAL COST: 1,125,824$              

1,125,824$    
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

ISSM Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study

1.1 Treatability/bench-scale study/column Test 1 LS 30,000$        30,000$                 
- Treatability testing for choosing ZVI+substrate & dosing

1.2 Technical interpretation 1 LS 10,000$        10,000$                 
Subtotal 40,000$                 

2. System design & implementation workplan
2.1 Design calcuations including dosing rates, hydraulic calculations 1 LS 20,000$        20,000$                 
2.2 Process design, batching and piping for ZVI/substrate mixing 1 LS 10,000$        10,000$                 
2.3 Design Report including soil erosion plan 1 LS 40,000$        40,000$                 
2.4 Implementation Plan 1 LS 15,000$        15,000$                 

Subtotal 85,000$                 

3. Site preparation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 10,000$        10,000$                 
3.2 Site cleaning, extend roads, grading a level working platform 1 LS 15,000$        15,000$                 
3.3 Coordination with contractors/subcontractors 1 LS 2,500$          2,500$                   
3.4 Mobilize/demobilize 1 LS 15,000$        15,000$                 
3.5 Construction Survey 1 LS 5,000$          5,000$                   
3.6 Temporary removal of a portion of the landfill cap for ISSM, and reinstallation after ISSM 1 LS 30,000$        30,000$                 
3.7 Rerouting stream in Area B 1 LS 10,000$        10,000$                 

Subtotal 87,500$                 

4. Soil mixing
4.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 7,326 CY 100$             732,639$               
- Treatment Area  SF 7,913
- total thickness ft 25
- Mobilization/demobilization 1 LS 100,000$      100,000$               
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$          5,000$                   

4.2 Iron including delivery (based upon the quote provided by ETI) 46 tons 1,155$          52,887$                 
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

4.3 Chemical, water, electrical & other materials and equipment costs 1 LS 20,000$        20,000$                 
4.4 On-site soil and water management 1 LS 5,000$          5,000$                   

Subtotal 915,526$               

4. Monitoring Well Network Installation
4.1 Monitoring well installation 3 ea 2,400$          7,200$                   
4.2 On-site soil and water management 1 LS 5,000$          5,000$                   
4.3 Cuttings/development water sampling & characterization 2 LS 500$             1,000$                   
4.4 Development water off-site disposal to a hazardous waste landfill 3 drum 100$             300$                      
4.5 Soil off-site disposal to a hazardous waste landfill 1 CY 160$             119$                      
4.6 Well survey 1 LS 1,500$          1,500$                   

Subtotal 15,119$                 

5. Site Restoration 
5.1 Grade site and Hydroseed 1 LS 6,583$          6,583$                   

Seed- $0.20/SF
Grade the site $5,000

5.2 As-Builts/Completion Report 1 LS 15,000$        15,000$                 
Subtotal 21,583$                 

TOTAL CAPITAL COST: 1,164,727$            

1,164,727$   
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

Injection Network for Combination (ISCO/ERD) Option - Capital Cost Backup
ISSM Area for Combination (ISCO/ERD/ISSM) Option - Capital Cost Backup

ERD in 70% of the target area

Area
Surface 

Area
Well Depth 

(ft) ROI # Wells
Area A 19,845 25 12.5 48.5
Area B1 3,290 25 12.5 7.4
Area B2 13,790 25 12.5 28.1
Total 36,925 84

ISCO in 15% of the target area

Area
Surface 

Area
Well Depth 

(ft) ROI # Wells
Area A 4,253 25 7.5 28.9
Area B1 705 25 7.5 4.4
Area B2 2,955 25 7.5 16.7
Total 7,913 50

two depth intervals 100

Saturated thickness 15 ft
influence volume per well 2477 gal

injection rate 0.5 gpm

pore volume injected 0.5 3 dosing events
Injection volume/well 1239 gal

injection duration 41 hrs
6 days
7 hr/day injection

Total volume injected every event = 123890 gal

No of wells - simultaneous injection 25
total injection duration 24 days

ISSM in 15% of the target area

Area
Surface 

Area
Area A 4,253
Area B1 705
Area B2 2,955
Total 7,913
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

MNA and Long-Term Monitoring Costs

Quantity Units $/Unit Cost

1. Plume Monitoring during Active Remedy Design and Implementation
1.1  Mobe/demobe 2 ea 2,400$       4,800$                        
1.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
1.3  Sampling equipment and materials 2 ea 1,200$       2,400$                        
1.4  Monitoring well/piezometer samples (a total of 15 wells) 40 ea 140$          5,600$                        
     - Monitoring well/piezometer samples = 20 samples per event
1.5  Data compilation, evaluation, tech memo 2 ea 18,000$     36,000$                     

Subtotal 68,000$                     

Annual Monitoring Cost: 68,000$     
68,000$     

2. MNA Monitoring after Achieving Active Remedy Goals
2.1  Mobe/demobe 4 ea 3,600$       14,400$                     
2.2  Monitoring visits: quarterly 4 ea 14,400$     57,600$                     
2.3  Sampling equipment and materials 4 ea 1,800$       7,200$                        
2.4  Monitoring well/piezometer samples (a total of 24 wells) 112 ea 250$          28,000$                     
     - Monitoring well/piezometer samples = 28 samples per event
2.5  Data compilation, evaluation, tech memo 2 ea 24,000$     48,000$                     

Subtotal 155,200$                   

Annual Monitoring Cost: 155,200$   
155,200$   

3. Long-Term Monitoring to Closure
3.1  Mobe/demobe 2 ea 2,400$       4,800$                        
3.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
3.3  Sampling equipment and materials 2 ea 1,200$       2,400$                        
3.4  Monitoring well/piezometer samples (a total of 15 wells) 40 ea 140$          5,600$                        
     - Monitoring well/piezometer samples = 20 samples per event
3.5  Data compilation, evaluation, tech memo 2 ea 18,000$     36,000$                     

Subtotal 68,000$                     

Annual Monitoring Cost: 68,000$     
68,000$     

Component
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

MNA and Long-Term Monitoring Costs

Potential Monitoring Plans under Different Remedial Options within Alternative 2

A. ERD Only
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 Plume monitoring $68,000 $48,500
6 Plume monitoring $68,000 $45,300
7 MNA monitoring $155,200 $96,700
8 MNA monitoring $155,200 $90,300
8 2-year report $35,000 $20,400
9 MNA monitoring $155,200 $84,400

10 MNA monitoring $155,200 $78,900
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300
24 Long-term monitoring $68,000 $13,400
25 Long-term monitoring $68,000 $12,500
26 Long-term monitoring $68,000 $11,700
27 Long-term monitoring $68,000 $10,900

TOTAL NPV =  $1,032,100

B. ERD/ISCO/ISSM
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 Plume monitoring $68,000 $48,500
6 MNA monitoring $155,200 $103,400
7 MNA monitoring $155,200 $96,700
7 2-year report $35,000 $21,800
8 MNA monitoring $155,200 $90,300
9 MNA monitoring $155,200 $84,400

10 Long-term monitoring $68,000 $34,600
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300
24 Long-term monitoring $68,000 $13,400
25 Long-term monitoring $68,000 $12,500
26 Long-term monitoring $68,000 $11,700

26.25 Long-term monitoring $17,000 $2,900
TOTAL NPV =  $1,039,300
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

MNA and Long-Term Monitoring Costs

C. ISCO Only
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 MNA monitoring $155,200 $110,700
6 MNA monitoring $155,200 $103,400
6 2-year report $35,000 $23,300
7 MNA monitoring $155,200 $96,700
8 MNA monitoring $155,200 $90,300
9 Long-term monitoring $68,000 $37,000

10 Long-term monitoring $68,000 $34,600
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300

23.5 Long-term monitoring $34,000 $6,900
TOTAL NPV =  $1,022,000

D. ISSM Only
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 Plume monitoring $68,000 $48,500
6 MNA monitoring $155,200 $103,400
7 MNA monitoring $155,200 $96,700
7 2-year report $35,000 $21,800
8 MNA monitoring $155,200 $90,300
9 MNA monitoring $155,200 $84,400

10 Long-term monitoring $68,000 $34,600
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300
24 Long-term monitoring $68,000 $13,400
25 Long-term monitoring $68,000 $12,500
26 Long-term monitoring $68,000 $11,700

TOTAL NPV =  $1,036,400
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

20% Additional Area by ERD Only - Capital Costs

Component Quantity Units $/Unit Cost
1. System design expansion & implementation workplan amendment

1.1 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                     
1.2 Implementation plan 1 LS 12,000$     12,000$                   

Subtotal 20,400$                   

2. Additional site preperation/mobilization/demobilization/coordination
2.1 Site cleaning/prep 1 LS 5,000$       5,000$                     

- including clearing of wooded area that would be actively remediated
2.2 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                     

Subtotal 14,600$                   

3. Additional injection & monitoring well installation
3.1 Injection well installation

3.1.1 Injection well installation in capped area 24 ea 2,400$       57,600$                   
    - Total target area 10,550 SF
    - Total depth 25 ft
    - Well spacing 25 ft
    - Radius of influence 12.5 ft
    - All of the wells to be installed in the capped area
    - Appropriate sealing of wells in the landfill area

3.2 Monitoring well installation 
3.2.1 Monitoring well installation in capped area 3 ea 2,400$       7,200$                     

    - 3 new monitoring wells for performance monitoring
3.3 On-site soil and water management 1 LS 5,000$       5,000$                     
3.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                     
3.5 Development water off-site disposal to a hazardous waste landfill 3 drum 100$          300$                        

    - Development water 3 drum
3.6 Soil off-site disposal to a hazardous waste landfill 7 CY 160$          1,068$                     

    - Soil cuttings 7 CY
3.7 Wellhead assemblies installation 24 ea 600$          14,400$                   
3.8 Well survey 1 LS 500$          500$                        

Subtotal 89,068$                   

4. Expansion of process equipment
4.1 Batching & Injection equipment fabrication 1 LS 10,000$     10,000$                   

    - Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
      distribution headers, piping and wiring

4.2 Freight 1 LS 1,200$       1,200$                     
4.3 On-site installation of process equipment 1 LS 5,000$       5,000$                     

    - includes electrical & mechanical connections
Subtotal 16,200$                   

5. Trenching and piping
5.1 Above ground piping in Capped Area A 1 LS 20,000$     20,000$                   

Subtotal 20,000$                   

TOTAL CAPITAL COST: 160,268$                 

160,268$       
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

20% Additional Area by ISCO Only - Capital Costs

Component Quantity Units $/Unit Cost
1. System design expansion & implementation workplan amendment

1.1 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                      
1.2 Implementation plan 1 LS 12,000$     12,000$                    

Subtotal 20,400$                   

2. Additional site preperation/mobilization/demobilization/coordination
2.1 Site cleaning/prep 1 LS 5,000$       5,000$                      

- including clearing of wooded area that would be actively remediated
2.2 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                      

Subtotal 14,600$                   

3. Additional injection & monitoring well installation
3.1 Injection well installation

3.1.1 Injection well installation in capped area 133 ea 2,400$       319,200$                  
    - Total target area 10,550 SF
    - Total depth 25 ft
    - Well spacing 15 ft
    - Radius of influence 7.5 ft
    - All of the wells to be installed in the capped area
    - Appropriate sealing of wells in the landfill area

3.2 Monitoring well installation 
3.2.1 Monitoring well installation in capped area 6 ea 2,400$       14,400$                    

    - 6 new monitoring wells for performance monitoring
3.3 On-site soil and water management 1 LS 5,000$       5,000$                      
3.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                      
3.5 Development water off-site disposal to a hazardous waste landfill 6 drum 100$          600$                         

    - Development water 6 drum
3.6 Soil off-site disposal to a hazardous waste landfill 34 CY 160$          5,501$                      

    - Soil cuttings 34 CY
3.7 Wellhead assemblies installation 133 ea 600$          79,800$                    
3.8 Well survey 1 LS 2,500$       2,500$                      

Subtotal 430,001$                 

5. Oxidant cost
5.1 Permanganate cost 130556 LS 2.25$         293,752$                  

- Total target area (SF) 10,550
- Total interval/depth (ft) 15
- Target soil volume (CY) 5861
- SOD = 5 g/Kg 5
- Permanganate (lb) 87038
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 14,688$     14,688$                    
Subtotal 308,439$                  

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 60 days 4,500$       270,000$                  
6.2 pore volume of solution during each injection event

- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 40 well screens
- Total Injection days = 20 days per event & 3 events

6.3 Water & other materials 496000 LS 0.050$       24,800$                    
6.4 Crew+Equip Mobe/Demobe 3 LS 12,000$     36,000$                    
6.5 Completion Report 1 LS 24,000$     24,000$                    

Subtotal 354,800$                  

TOTAL CAPITAL COST: 1,128,240$               

1,128,240$    
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

20% Additional Area by ISSM Only - Capital Costs

Component Quantity Units $/Unit Cost
1. System design & implementation workplan

1.1 Design calcuations including dosing rates, hydraulic calculations 1 LS 25,000$        20,000$                 
1.2 Process design, batching and piping for ZVI/substrate mixing 1 LS 10,000$        10,000$                 
1.3 Design Report including soil erosion plan 1 LS 40,000$        40,000$                 
1.4 Implementation Plan 1 LS 20,000$        15,000$                 

Subtotal 85,000$                 

2. Site preparation/mobilization/demobilization/coordination
2.1 Permitting 1 LS 10,000$        10,000$                 
2.2 Site cleaning, extend roads, grading a level working platform 1 LS 25,000$        15,000$                 
2.3 Coordination with contractors/subcontractors 1 LS 2,500$          2,500$                   
2.4 Mobilize/demobilize 1 LS 15,000$        10,000$                 
2.5 Construction Survey 1 LS 5,000$          5,000$                   
2.6 Temporary removal of a portion of the landfill cap for ISSM, and reinstallation after ISSM 1 LS 30,000$        30,000$                 
2.7 Rerouting stream in Area B 1 LS 10,000$        10,000$                 

Subtotal 82,500$                 

3. Soil mixing
3.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 9,769 CY 100$             976,852$               
- Treatment Area  SF 10,550
- total thickness ft 25
- Mobilization/demobilization 1 LS 100,000$      100,000$               
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$          5,000$                   

3.2 Iron including delivery (based upon the quote provided by ETI) 61 tons 1,155$          70,516$                 
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

3.3 Chemical, water, electrical & other materials and equipment costs 1 LS 20,000$        20,000$                 
3.4 On-site soil and water management 1 LS 5,000$          5,000$                   

Subtotal 1,177,368$            

3. Monitoring Well Network Installation
3.1 Monitoring well installation 3 ea 2,400$          7,200$                   
3.2 On-site soil and water management 1 LS 5,000$          5,000$                   
3.3 Cuttings/development water sampling & characterization 2 LS 500$             1,000$                   
3.4 Development water off-site disposal to a hazardous waste landfill 3 drum 100$             300$                      
3.5 Soil off-site disposal to a hazardous waste landfill 1 CY 160$             119$                      
3.6 Well survey 1 LS 1,500$          1,500$                   

Subtotal 15,119$                 

4. Site Restoration 
4.1 Grade site and Hydroseed 1 LS 7,110$          7,110$                   

Seed- $0.20/SF
Grade the site $5,000

4.2 As-Builts/Completion Report 1 LS 15,000$        15,000$                 
Subtotal 22,110$                 

TOTAL CAPITAL COST: 1,382,097$            

1,382,097$   
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

20% Additional Area by ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
1. System design expansion & implementation workplan amendment

1.1 Process design including injection/monitoring well layout & piping design 1 LS 15,600$         15,600$                    
1.2 Implementation plan 1 LS 18,000$         18,000$                    

Subtotal 33,600$                   

2. Additional site preperation/mobilization/demobilization/coordination
2.1 Site cleaning/prep 1 LS 30,000$         30,000$                    

- including clearing of wooded area that would be actively remediated
- including temporary removal of a portion for the landfill cap for ISSM

2.2 Coordination with contractors/subcontractors 1 LS 14,400$         14,400$                    
Subtotal 44,400$                   

3. ERD - Additional injection & monitoring well installation
3.1 Injection well installation

3.1.1 Injection well installation in capped area 17 ea 2,400$           40,800$                    
    - Total target area 7,385 SF
    - Total depth 25 ft
    - Well spacing 25 ft
    - Radius of influence 12.5 ft
    - All of the wells to be installed in the capped area
    - Appropriate sealing of wells in the landfill area

3.2 Monitoring well installation 
3.2.1 Monitoring well installation in capped area 3 ea 2,400$           7,200$                      

    - 3 new monitoring wells for performance monitoring
3.3 On-site soil and water management 1 LS 2,500$           2,500$                      
3.4 Cuttings/development water sampling & characterization 6 LS 500$              3,000$                      
3.5 Development water off-site disposal to a hazardous waste landfill 3 drum 100$              300$                         

    - Development water 3 drum
3.6 Soil off-site disposal to a hazardous waste landfill 5 CY 160$              791$                         

    - Soil cuttings 5 CY
3.7 Wellhead assemblies installation including flow meters 17 ea 600$              10,200$                    
3.8 Well survey 1 LS 500$              500$                         

Subtotal 65,291$                   

4. ERD - Expansion of process equipment
4.1 Batching & Injection equipment fabrication 1 LS 9,000$           9,000$                      

    - Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
      distribution headers, piping and wiring

4.2 Freight 1 LS 1,200$           1,200$                      
4.3 On-site installation of process equipment 1 LS 4,500$           4,500$                      

    - includes electrical & mechanical connections
Subtotal 14,700$                   

5. ERD - Trenching and piping
5.1 Above ground piping in Capped Area A 1 LS 18,000$         18,000$                    

Subtotal 18,000$                   

6. ISCO - Injection & Monitoring Well Netwrok and Injection Wellhead Installation
6.1 Injection well installation

6.1.1 Injection well installation in capped area (drilling + oversight) 20 ea 2,400$           48,000$                    
- Total target area 1,583 SF
- Total depth 25 ft
- Well spacing 15 ft
- Radius of influence 7.5 ft
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- All of the wells to be installed in the capped area
- Appropriate sealing of wells in the landfill area
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Cost Estimate Alternative 2
Areas A and B In-Situ Remedy, and MNA in Area C

20% Additional Area by ERD/ISCO/ISSM Remedy - Capital Costs

6.2 Monitoring well installation 
6.2.1 Monitoring well installation in capped area 3 ea 2,400$           7,200$                      

- 3 new monitoring wells for performance monitoring
6.3 On-site soil and water management 1 LS 2,500$           2,500$                      
6.4 Cuttings/development water sampling & characterization 6 LS 500$              3,000$                      
6.5 Development water off-site disposal to a hazardous waste landfill 3 drum 100$              300$                         

- Development water 3 drum
6.6 Soil off-site disposal to a hazardous waste landfill 6 CY 160$              910$                         

- Soil cuttings 6 CY
6.7 Injection hoses & wellhead assemblies and installation including flow meters 20 ea 750$              15,000$                    
6.8 Well survey 1 LS 500$              500$                         

Subtotal 77,410$                   

7. Oxidant cost
7.1 Permanganate cost 19583 LS 2.25$             44,063$                    

- Total target area (SF) 1,583
- Total interval/depth (ft) 15
- Target soil volume (CY) 879
- SOD = 5 g/Kg 5
- Permanganate (lb) 13056
- Safety factor 1.5

7.2 Shipping (5%) 1 LS 2,203$           2,203$                      
Subtotal 46,266$                    

8. Operation: Oxidant injection 
8.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 18 days 4,500$           81,000$                    
8.2 pore volume of solution during each injection event

- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 20 well screens
- Total Injection days = 6 days per event & 3 events

8.3 Water & other materials 74000 LS 0.050$           3,700$                      
8.4 Crew+Equip Mobe/Demobe 3 LS 18,000$         54,000$                    
8.6 Completion Report 1 LS 15,000$         15,000$                    

Subtotal 153,700$                  

9. Soil mixing
9.1 Soil Mixing construction 1 LS

- Large Diameter Auger construction method
- Mixing Volume 1,466 CY 100$              146,574$                  
- Treatment Area  SF 1,583
- Soil thickness 25
- Mobilization/demobilization 1 LS 100,000$       100,000$                  
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$           5,000$                      

9.2 Iron including delivery (based upon the quote provided by ETI) 9 Tons 1,155$           10,581$                    
- Granular iron amount =  0.5% of soil weight 

9.3 Chemical, water, electrical & other materials and equipment costs 1 LS 20,000$         20,000$                    
Subtotal 282,155$                 

10. Site Restoration 
10.1 Grade site and Hydroseed 1 LS 5,317$           5,317$                      

Seed- $0.20/SF
Grade the site $5,000

10.2 As-Builts/Completion Report 1 LS 40,000$         40,000$                    
Subtotal 45,317$                   

TOTAL CAPITAL COST: 780,839$                  

780,839$       
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Appendix C-3
Alternative 3 - Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Cost Summary Sheet

ISCO Only Option ERD Only Option ISSM Only Option Combination of ISCO, ERD & ISSM
ISCO ERD ISSM

PRB Collection PRB Collection PRB Collection PRB Collection
Trench Trench Trench Trench

CAPITAL COSTS

Institutional Controls -$                   -$                   -$                   -$                   -$                   -$                   -$                 -$                 

Pre-Design Investigation 84,450$         84,450$         84,450$         84,450$         84,450$         84,450$         84,450$       84,450$       

Predictive Modeling 35,000$         35,000$         35,000$         35,000$         35,000$         35,000$         35,000$       35,000$       

Containment Design, Installation and Startup
Treatability/Bench Scale and Field Pilot Test 29,000$         -$                   29,000$         -$                   29,000$         -$                   29,000$       -$                 

System Design and Implementation Work Plan 41,000$         45,000$         41,000$         45,000$         41,000$         45,000$         41,000$       45,000$       
Site Preparation, Mob and DeMob 9,500$           35,700$         9,500$           35,700$         9,500$           35,700$         9,500$         35,700$       

System Construction 547,916$       303,047$       547,916$       303,047$       547,916$       303,047$       547,916$     303,047$     
Process Equipment Fabrication and Installation -$                   60,000$         -$                   60,000$         -$                   60,000$         -$                 60,000$       

Trenching and Piping -$                   40,480$         -$                   40,480$         -$                   40,480$         -$                 40,480$       
Operation Startup 25,500$         45,000$         25,500$         45,000$         25,500$         45,000$         25,500$       45,000$       

Subtotal 652,916$       529,227$       652,916$       529,227$       652,916$       529,227$       652,916$     529,227$     

In-Situ Technology Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 156,000$       156,000$       145,200$       145,200$       40,000$         40,000$         128,400$     142,800$     40,000$       

System Design and Implementation Work Plan 50,400$         50,400$         56,400$         56,400$         78,000$         78,000$         27,600$       56,400$       78,000$       
Site Preparation, Mob and DeMob 32,400$         32,400$         42,400$         42,400$         57,500$         57,500$         13,400$       42,400$       57,500$       

Injection and Monitoring Network Installation 609,633$       609,633$       114,114$       114,114$       24,237$         24,237$         102,364$     86,966$       14,479$       
Process Equipment Fabrication and Installation -$                   -$                   59,200$         59,200$         -$                   -$                   -$                 59,200$       -$                 

Oxidant Cost 575,948$       575,948$       -$                   -$                   -$                   -$                   86,392$       -$                 -$                 
Soil Mixing -$                   -$                   -$                   -$                   2,105,749$    2,105,749$    . -$                 413,362$     

Trenching and Piping -$                   -$                   26,263$         26,263$         -$                   -$                   -$                 23,875$       -$                 
Oxidant Injection and Operation 558,950$       558,950$       -$                   -$                   -$                   -$                   162,300$     -$                 -$                 
System Startup and Shakedown -$                   -$                   77,000$         77,000$         -$                   -$                   -$                 72,000$       -$                 

Site Restoration -$                   -$                   -$                   -$                   26,940$         26,940$         -$                 -$                 20,591$       
Subtotal 1,983,331$    1,983,331$    520,577$       520,577$       2,332,427$    2,332,427$    520,456$     483,641$     623,933$     

In-Situ Technology Performance Operation -$                   -$                   579,000$       579,000$       -$                   -$                   386,000$     
Assumed Number of Years 0 0 3 3 0 0 2

In-Situ Technology Performance Monitoring 47,680$         47,680$         190,720$       190,720$       143,040$       143,040$       143,040$     
Assumed Number of Years 1 1 4 4 3 3 3

SUBTOTAL CAPITAL COSTS 2,803,400$    2,679,700$    2,062,700$    1,939,000$    3,247,800$    3,124,100$    2,929,400$  2,805,700$  

Contingency (25%) 700,900$       669,900$       515,700$       484,800$       812,000$       781,000$       732,400$     701,400$     

SUBTOTAL CAPITAL COSTS 3,504,300$    3,349,600$    2,578,400$    2,423,800$    4,059,800$    3,905,100$    3,661,800$  3,507,100$  

Project Management (5%) 175,200$       167,500$       128,900$       121,200$       203,000$       195,300$       183,100$     175,400$     
Remedial Design (8%) 280,300$       268,000$       206,300$       193,900$       324,800$       312,400$       292,900$     280,600$     
Construction Management (6%) 210,300$       201,000$       154,700$       145,400$       243,600$       234,300$       219,700$     210,400$     
Subtotal PM, RD and CM Costs 665,800$       636,500$       489,900$       460,500$       771,400$       742,000$       695,700$     666,400$     

TOTAL ESTIMATED CAPITAL COSTS 4,170,100$    3,986,100$    3,068,300$    2,884,300$    4,831,200$    4,647,100$    4,357,500$  4,173,500$  

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Appendix C-3
Alternative 3 - Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Cost Summary Sheet

O&M COSTS

Treatment System Maintenance
PRB Media Cleaning ($20,000/event @ Year 12.5, 37.5, 62.5 and 87.5) 10,600$         -$                   10,600$         -$                   10,600$         -$                   10,600$       -$                 

PRB Media Change-Out ($652,916/event @ Year 25, 50 and 75) 146,600$       -$                   146,600$       -$                   146,600$       -$                   146,600$     -$                 
Collection Trench Operation and Maintenance -$                   630,700$       -$                   630,700$       -$                   630,700$       -$                 630,700$     

Annual Cost of the Collection Trench Operations and Maintenance - 44,200$         - 44,200$         - 44,200$         - 44,200$       
Assumed Number of Years 100 100 100 100 100 100 100 100

Subtotal 157,200$       630,700$       157,200$       630,700$       157,200$       630,700$       157,200$     630,700$     

Treatment System Monitoring 286,800$       372,400$       286,800$       372,400$       286,800$       372,400$       286,800$     372,400$     
Annual Cost 20,100$         26,100$         20,100$         26,100$         20,100$         26,100$         20,100$       26,100$       

Assumed Number of Years 100 100 100 100 100 100 100 100

MNA and Long-Term Monitoring 1,022,000$    1,022,000$    1,032,100$    1,032,100$    1,036,400$    1,036,400$    1,039,300$  1,039,300$  
Assumed Number of Years 23.5 23.5 27 27 26 26 26.25 26.25

Maintenance of Institutional Controls 28,400$         28,400$         30,000$         30,000$         29,600$         29,600$         29,700$       29,700$       
Annual Cost 2,500$           2,500$           2,500$           2,500$           2,500$           2,500$           2,500$         2,500$         

Assumed Number of Years 23.5 23.5 27 27 26 26 26.25 26.25

5-Year Reviews 75,900$         75,900$         80,800$         80,800$         80,800$         80,800$         86,800$       86,800$       
Unit Cost 35,000$         35,000$         35,000$         35,000$         35,000$         35,000$         35,000$       35,000$       

Assumed Number of Reviews 5 5 6 6 6 6 6 6

TOTAL ESTIMATED O&M COSTS 1,570,300$    2,129,400$    1,586,900$    2,146,000$    1,590,800$    2,149,900$    1,599,800$  2,158,900$  

TOTAL ESTIMATED CAPITAL COSTS 4,170,100$    3,986,100$    3,068,300$    2,884,300$    4,831,200$    4,647,100$    4,357,500$  4,173,500$  
TOTAL ESTIMATED O&M COSTS 1,570,300$    2,129,400$    1,586,900$    2,146,000$    1,590,800$    2,149,900$    1,599,800$  2,158,900$  

TOTAL ESTIMATED REMEDIATION COSTS 5,740,400$    6,115,500$    4,655,200$    5,030,300$    6,422,000$    6,797,000$    5,957,300$  6,332,400$  

Notes:
- Operations and maintenance (O&M) costs are calculated as Net Present Value (NPV)
- NPV calculations include a discount rate of 7 percent before tax and without inflation

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Pre-Design Investigation Costs

Component Quantity Units $/Unit Cost
Pre-design investigation

1.1 Pre-design subsurface investigation workplan 1 LS 12,000$     12,000$                             
1.2 Pre-design subsurface investigation

1.2.1 Soil sampling 0.75 ea 4,800$       3,600$                               
1.2.2 Temporary well installation for groundwater sampling 2.25 ea 4,800$       10,800$                             
1.2.3 Groundwater sampling from existing monitoring wells 3 ea 2,400$       7,200$                               
1.2.4 Monitoring well installation 12 ea 1,900$       22,800$                             
1.2.5 VOC Analytical costs 38 ea 100$          3,800$                               
1.2.6 MNA and physical parameter analytical costs 25 ea 250$          6,250$                               

Assumptions:
- Soil and groundwater sampling using Geoprobe
- Up to 4 soil sampling locations
- Up to 6 temporary well installation for groundwater sampling
- Up to 12 new monitoring well installation
- Up to 9 existing monitoring well sampling
- 0.75 days of direct push drilling for soil sampling
- 2.25 days of direct push drilling for groundwater sampling/temp well installation
- 3 days of groundwater sampling from existing wells
- Analytical parameters include soil and groundwater VOCs, MNA parameters,
  soil physical and groundwater geochemical parameters.
- Collection of soil and groundwater samples for bench/treatability testing

1.3 Pre-design investigation report 1 LS 18,000$     18,000$                             
Subtotal 84,450$                             

TOTAL CAPITAL COST: 84,450$                             

84,450$                
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

PRB Barrier System at the Compliance Boundary

Quantity Units $/Unit Cost
 1. Treatability/bench-scale study

1.1 Treatability/bench-scale study (based upon the quote provided by ETI) 1 LS 24,000$      24,000$                          
- Cost to test one type of iron in a single column test.

1.2 Technical interpretation 1 LS 6,000$        5,000$                            
Subtotal 29,000$                          

2. System design & implementation workplan
2.1 ZVI PRB system design 1 LS 18,000$      18,000$                          
2.2 ETI design asistance  (based upon the quote provided by ETI) 1 LS 6,000$        6,000$                            
2.3 Hydraulic analysis/calculations 1 LS 3,000$        5,000$                            
2.4 Workplan 1 LS 12,000$      12,000$                          

Subtotal 41,000$                          

3. Site Preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 1,000$        1,000$                            
3.2 Site cleaning & extend roads 1 LS 2,500$        2,500$                            
3.3 Coordination with contractors/subcontractors 1 LS 3,000$        3,000$                            
3.4 Mobilize/demobilize equipment 1 LS 1,800$        1,800$                            
3.5 Construction Survey 1 LS 1,200$        1,200$                            

Subtotal 9,500$                            

4. ZVI PRB construction
4.1 PRB construction (excavation & backfilling, including mobilization/demobilization ) 1 LS 195,067$    195,067$                        

- Trenching 2.5' wide x 25' deep x 200' long
- Biopolymer Slurry construction method
- Includes Mobilization/demobilization
- Trenching area = 25' x 200' 5000 SF
- Trenching cost included

4.2 Iron including delivery (based upon the quote provided by ETI) 225 tons 1,155$        259,875$                        
- 20% v/v iron in an iron sand mix in a 2.5' wide trench
- Iron flow through thickness = 0.5'
- Granular iron amount (tons) * 1.5 safety factor 225
- Granular iron volume (CF) 2000
- Granular iron cost = $1,155/ton

4.4 On-site soil and water management 1 LS 5,000$        5,000$                            
4.5 Soil stockpile sampling & characterization 1 LS 2,500$        2,500$                            
4.6 Soil off-site disposal (assumed haz-waste Land Fill) CF CY 463 CY 160$           74,074$                          

- Soil volume = 2.5' x 25' x 200' 12500 463
4.7 Monitoring well/piezometer installation 6 ea 1,900$        11,400$                          

- Well installation cost = $1,900/well (including drilling & oversight)
Subtotal 547,916$                        

5. Operation start-up 
5.1 Operation start-up & initial process monitoring 1 weeks 13,500$      13,500$                          

- Assuming 1E2 & 1SE for 1 week
- $6,000/E2/week and $7,500/E2/week(including labor & expenses)

5.2 As-Builts/Completion Report 1 LS 12,000$      12,000$                          
Subtotal 25,500$                          

TOTAL CAPITAL COST: 652,916$     
652,916$     

Component
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Monitoring Costs for PRB

Quantity Units $/Unit Cost
1. ZVI PRB performance monitoring

1.1 Subcontractor system performance monitoring visits 4 ea 3,600$      14,400$                
    - Performance monitoring visits: quarterly
1.2  Monitoring well/piezometer samples 32 ea 100$         3,200$                  
    - Monitoring well/piezometer samples = 8 samples per event
1.3 Reporting and coordination 1 LS 2,500$      2,500$                  

Subtotal 20,100$                

Annual O&M Cost: 20,100$  
20,100$  

Component

Appendix C-3
Page 5 of 27



Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Collection Trench Barrier System at the Compliance Boundary

Quantity Units $/Unit Cost
1. System design & implementation workplan

1.1 Overall system design including trench, wells, sumps, and piping design 1 LS 15,000$      15,000$                        
1.2 Equipment design and RFP for process equipment fabrication 1 LS 15,000$      15,000$                        
1.3 Hydraulic analysis/calculations 1 LS 3,000$        3,000$                          
1.4 Workplan 1 LS 12,000$      12,000$                        

Subtotal 45,000$                        

2. Site preperation/mobilization/demobilization/coordination
2.1 Permitting 1 LS 5,000$        5,000$                          
2.2 Site cleaning & extend roads 1 LS 2,500$        2,500$                          
2.3 Coordination with contractors/subcontractors 1 LS 3,000$        3,000$                          
2.4 Building preparation 1 LS 15,000$      15,000$                        

- Use of existing onsite building that was used for AS/SVE system
2.5 Mobilize/demobilize equipment 1 LS 6,000$        6,000$                          
2.6 Construction Survey 1 LS 1,200$        1,200$                          
2.7 Hookups 1 LS 3,000$        3,000$                          

Subtotal 35,700$                        

3. Groundwater collection trench construction
3.1 Trench construction (excavation & backfilling, including mobilization/demobilization ) 1 LS 195,067$    195,067$                      

- Trenching 2.5' wide x 25' deep x 200' long
- Biopolymer Slurry construction method
- Includes mobilization/demobilization
- Trenching area = 25' x 200' = 5,000 SF
- Trenching cost included

3.2 On-site soil and water management 1 LS 5,000$        5,000$                          
3.3 Soil stockpile sampling & characterization 1 LS 2,500$        2,500$                          
3.4 Soil off-site disposal (assumed haz-waste Land Fill) 463 CY 160$           74,080$                        

- Soil volume = 2.5' x 25' x 200' = 12,500 CF = 463 CY
3.5 Extraction piping, wells, sumps, valves and appurtenances installation 1 LS 15,000$      15,000$                        
3.6 Monitoring well/piezometer installation 6 ea 1,900$        11,400$                        

- Well installation cost = $1,900/well (including drilling & oversight)
Subtotal 303,047$                      

4. Process equipment fabrication and installation
4.1 Extraction equipment purchase, including: 1 LS 5,400$        5,400$                          

-Well/sump pumps
-Pump controllers, pump probes and wiring

4.2 Treatment equipment fabrication,including: 1 LS 39,000$      39,000$                        
- Prefabricated low-profile air stripper w/controls
- Liquid phase activated carbon
- Vapor phase activated carbon
- Equalization tanks
- Discharge pumps
- Telemetry system and interlocks (includ. sensors)

4.3 Freight 1 LS 3,600$        3,600$                          
4.4 On-site installation of process equipment, including 1 LS 12,000$      12,000$                        

- electrical connections
- mechanical connections

Subtotal 60,000$                        

Component
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Collection Trench Barrier System at the Compliance Boundary

5. Trenching and piping
5.1 Trench and backfill, extraction piping w/ fittings 1 LS 5,400$        5,400$                          

- Piping from the trench to the treatment building
- Trenching & backfilling - 300 LF @ $10/ft = $3,000
- 6" pipe - 300 LF @ $5/ft = $1,500
- Plumbing - 300 LF @ $3/ft = $900

5.2 Trench and backfill, discharge piping w/ fittings 1 LS 10,800$      10,800$                        
- Piping from the treatment building to surface water
 - Trenching & backfilling - 600 LF @ $10/ft = $6,000
- 6" pipe - 600 LF @ $5/ft = $3,000
- Plumbing - 600 LF @ $3/ft = $1,800

5.3 On-site soil and water management 1 LS 2,000$        2,000$                          
5.4 Soil stockpile sampling & characterization 1 LS 1,000$        1,000$                          
5.5 Soil off-site disposal (assumed haz-waste Land Fill) 133 CY 160$           21,280$                        

- Soil volume = 900' x 2' x 2' = 3,600 CF = 133 CY
Subtotal 40,480$                        

6. System start-up 
6.1 Start-up and shakedown 2 weeks 13,500$      27,000$                        

 - Assuming 1E2 & 1SE for 2 weeks
- $6,000/E2/week and $7,500/SE/week(including labor & expenses)

6.2 O&M manual 1 LS 6,000$        6,000$                          
6.3 As-Builts/Completion Report 1 LS 12,000$      12,000$                        

Subtotal 45,000$                        

TOTAL CAPITAL COST: 529,227$    
529,227$    
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

O&M Costs for Collection Trench

Quantity Units $/Unit Cost
˜  1. Groundwater Collection Trench operation and maintenance

1.1 Subcontractor (O&M Specialty Local Contractor) O&M monthly visits, including: 6 ea 2,400$       14,400$                     
Air stripper maintainance
Other equipment maintainance
1.2 Liquid Phase Carbon Change Out (1 per every 2 years) - 2 * 1000 lb units 0.5 ea 10,200$     5,100$                       
1.3 Vapor Phase Carbon Change Out (1 per year)- 2 * 1500 lb units 1 ea 10,200$     10,200$                     
1.4 Electrical consumption (per year) 1 LS 6,000$       6,000$                       
1.5 Misc. Repairs 1 LS 6,000$       6,000$                       
1.6 Reporting and coordination 1 LS 2,500$       2,500$                       

Subtotal 44,200$                     

Annual O&M Cost: 44,200$     
44,200$     

Component
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Monitoring Costs for Collection Trench

Quantity Units $/Unit Cost
2. Groundwater Collection Trench performance monitoring

2.1 Subcontractor system performance monitoring visits 4 ea 4,500$       18,000$                     
     - Performance monitoring visits: quarterly
2.2  Monitoring well/piezometer samples 32 ea 100$          3,200$                       
     - Monitoring well/piezometer samples = 8 samples per event

24 ea 100$          2,400$                       

2.4 Reporting and coordination 1 LS 2,500$       2,500$                       
Subtotal 26,100$                     

Annual Monitoring Cost: 26,100$     
26,100$     

Component

2.3 Analyze influent & effluent air & water samples (3 air sample/quarter and 3 water 
samples/quarter)
     - Influent & effluent air & water sampling: quarterly 
     - Performance monitoring visits will be coordinated with O&M visits
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ERD Only- Capital Costs

Component Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 18,000$     18,000$                             
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 8,400$       8,400$                               
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                               
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                               
1.2.4 Mobe/demobe 6 LS 2,400$       14,400$                             
1.2.5 Field injection 1 LS 48,000$     48,000$                             
1.2.6 Post-injection performance monitoring 4 ea 7,200$       28,800$                             
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                             

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 145,200$                           

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                             
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                               
2.3 Batching & injection equipment design and RFP for equipment fabrication 1 LS 12,000$     12,000$                             
2.4 Design Report 1 LS 12,000$     12,000$                             
2.5 Implementation plan 1 LS 12,000$     12,000$                             

Subtotal 56,400$                             

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                               
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                               

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                               
3.4 Building preparation 1 LS 15,000$     15,000$                             

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                               
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                               

Subtotal 42,400$                             

4. Injection & Monitoring Well Netwrok Installation
4.1 Injection well installation 40 ea 1,900$       76,290$                             

- Total target area = 19,700 SF
- Total depth = 25'
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 4 ea 1,900$       7,600$                               
- 4 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 2,500$       2,500$                               
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                               
4.5 Development water off-site disposal to a hazardous waste landfill 4 Drum 100$          400$                                  

- Development water (drums) = 4
4.6 Soil off-site disposal to a hazardous waste landfill 11 CY 160$          1,747$                               

- Soil cuttings (CY) = 11
4.7 Wellhead assemblies installation including flow meters 40 ea 500$          20,076$                             
4.8 Well survey 1 LS 2,500$       2,500$                               

Subtotal 114,114$                           
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ERD Only- Capital Costs

5. Process equipment fabrication and installation
5.1 Batching & Injection equipment fabrication 1 LS 40,000$     40,000$                             

- Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
  distribution headers, piping and wiring

5.2 Freight 1 LS 7,200$       7,200$                               
5.3 On-site installation of process equipment 1 LS 12,000$     12,000$                             

- includes electrical & mechanical connections
Subtotal 59,200$                             

6. Trenching and piping
6.1 Trenching and below grade piping in Area B 1 LS 26,263$     26,263$                             

- Trenching & backfilling- 1,400 LF @ $10/ft = $14,000
- 6" pipe = 500 LF @ $5/ft = $2,500
- 2" pipe = 400 LF @ $2/ft = $800
- 1" pipe = 500 LF @ $0.75/ft = $375
- Plumbing- 1,400 LF @ $3/ft = $4,200, Elbows, Tees, fittings and supports = $2,000

Subtotal 26,263$                             

7. System startup and shakedown
7.1 Two week event 2 ea 19,500$     39,000$                             

- Assuming 2 engineers & 1 senior engineer for each week
7.2 Chemical, water, electrical & other materials and equipment costs 1 LS 20,000$     20,000$                             
7.3 Completion report & as-builts 1 LS 18,000$     18,000$                             

Subtotal 77,000$                             

TOTAL CAPITAL COST: 520,577$                           

520,577$              
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Injection Network for ERD Only - Capital Cost Backup

Area Surface Area Well Depth (ft) ROI # Wells
Area B2 19,700 25.0 12.5 40.2
Total 19,700 40

influence volume per well 13762 gal
injection rate 0.5 gpm

pore volume injected 0.1
Injection volume/well 1376 gal

injection duration 46 hrs
6 days

2 week event

Total volume injected every event = 55259 gal
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

O&M Costs for ERD Only and ERD portion of the Combination (ISCO/ERD) option

Quantity Units $/Unit Cost

1. Operation: Electron donor injection
1.1 Quarterly injections 4 ea 29,250$     117,000$                  

- Assuming 2 field engineers/scientists & 1 team leader for 1.5 weeks
- $6,000/field engr/week, $7,500/team leader/week  (including labor & expenses)

1.2 Electron donor - solution cost 4 LS 10,000$     40,000$                    
1.3 equipment/materials 4 LS 3,000$       12,000$                    
1.4 Mobilization/demobilization 4 LS 6,000$       24,000$                    

Subtotal 193,000$                  

Annual O&M Cost: 193,000$  
193,000$  

Notes:
Based on the cleanup timeframe estimates, the ERD Only system would operate for 3 years.

microbial acclimatization time: 6 months
cleanup time: 23 months
safety factor: 6 months

Total = ~ 3 years
It is assumed the ERD portion of the Combination (ISCO/ERD) system would operate for 2 years as elevated concentrations would be reduced by ISCO.

Component
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Monitoring Costs for ERD Only, ISCO Only and the Combination (ISCO/ERD) option

Quantity Units $/Unit Cost

1. ERD performance monitoring
1.1  Mobe/demobe 4 ea 2,400$       9,600$                  
1.2 Performance monitoring visits 4 ea 3,000$       12,000$                

- Performance monitoring visits: Quarterly
1.3  Sampling equipment and materials 4 ea 600$          2,400$                  
1.4  Monitoring well/piezometer samples 32 ea 140$          4,480$                  

- Monitoring well/piezometer samples = 8 samples per event
1.5  Data compilation, evaluation, tech memo 4 ea 4,800$       19,200$                

Subtotal 47,680$                

wells in addition to standard MNA monitoring
samples include blank and duplicates
3 day field events

Annual Monitoring Cost: 47,680$  
47,680$  

Notes:
Monitoring would be performed through the duration the ERD system operation and one additional year after its shutdown
Based on the above assumption, monitoring would be conducted for 4 years under ERD only option and 3 years under the Combination option
Monitoring would be conducted for 1 year under the ISCO only option
This active remedy monitoring will be on a quarterly basis in addition to standard MNA monitoring conducted at the site

Component
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ISCO Only - Capital Costs

Component Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 12,000$     12,000$                             
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$       6,000$                               
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                               
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                               
1.2.4 Mobe/demobe 6 LS 6,000$       36,000$                             
1.2.5 Field injection 1 LS 60,000$     60,000$                             
1.2.6 Post-injection performance monitoring 2 ea 7,200$       14,400$                             
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                             

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 156,000$                           

2. System implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                             
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                               
2.3 Batching & injection equipment design and Specification for equipment fabrication 1 LS 12,000$     12,000$                             
2.4 Implementation plan 1 LS 18,000$     18,000$                             

Subtotal 50,400$                             

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                               
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                               

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                               
3.4 Storage building preparation 1 LS 5,000$       5,000$                               

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                               
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                               

Subtotal 32,400$                             

4. Injection & Monitoring Well Netwrok and Injection Wellhead Installation
4.1 Injection well installation 223 ea 1,900$       423,700$                           

- Total target area = 19,700 SF
- Total depth = 20-25'
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 3 ea 1,900$       5,700$                               
- 3 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 2,000$       2,000$                               
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                               
4.5 Development water off-site disposal to a hazardous waste landfill 3 CY 100$          300$                                  

- Development water (drums 3
4.6 Soil off-site disposal to a hazardous waste landfill 17 CY 160$          2,683$                               

- Soil cuttings (CY) = 17
4.7 Injection hoses & wellhead assemblies and installation 223 ea 750$          167,250$                           
4.8 Well survey 1 LS 5,000$       5,000$                               

Subtotal 609,633$                           
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ISCO Only - Capital Costs

5. Oxidant cost
5.1 Permanganate cost 243788 LS 2.25$         548,522$                           

- Total target area (SF) 19,700
- Total interval/depth (ft) 15
- Target soil volume (CY) 10944
- SOD = 5 g/Kg 5
- Permanganate (lb) 162525
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 27,426$     27,426$                             
Subtotal 575,948$                           

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 99 days 4,500$       445,500$                           

- A total of 3 injections. 0.5 pore volume of solution during each injection event
- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 40 well screens
- Total Injection days = 33 days per event & 3 events

6.2 Water & other materials 829000 LS 0.050$       41,450$                             
6.3 Crew+Equip Mobe/Demobe 3 LS 18,000$     54,000$                             
6.5 Completion Report 1 LS 18,000$     18,000$                             

Subtotal 558,950$                           

TOTAL CAPITAL COST: 1,983,331$                        

1,983,331$           
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Injection Network for ISCO Only - Capital Cost Backup

Area Surface Area Well Depth (ft) ROI # Wells
3 19,700 22.5 7.5 111.5

19,700 112
two depth intervals 223

total saturated thickness 15
influence volume per well 2477 gal

injection rate 0.5 gpm

pore volume injected 0.5 3 dosing events
Injection volume/well 1239 gal

injection duration 41 hrs
6 days
7 hr/day injection

Total volume injected every event = 276293 gal

No of wells - simultaneous injection 40
total injection duration 33 days
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ISSM Only - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study

1.1 Treatability/bench-scale study/column Test 1 LS 30,000$        30,000$                 
- Treatability testing for choosing ZVI+substrate & dosing

1.2 Project management, technical interpretation 1 LS 10,000$        10,000$                 
Subtotal 40,000$                 

2. System design & implementation workplan
2.1 Design calcuations including dosing rates, hydraulic calculations 1 LS 18,000$        18,000$                 
2.2 Process design, batching and piping for ZVI/substrate mixing 1 LS 10,000$        10,000$                 
2.3 Design Report including soil erosion plan 1 LS 35,000$        35,000$                 
2.5 Implementation Plan 1 LS 15,000$        15,000$                 

Subtotal 78,000$                 

3. Site preparation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 10,000$        10,000$                 
3.2 Site cleaning, extend roads, grading a level working platform 1 LS 15,000$        15,000$                 
3.3 Coordination with contractors/subcontractors 1 LS 2,500$          2,500$                   
3.4 Mobilize/demobilize 1 LS 15,000$        15,000$                 
3.5 Construction Survey 1 LS 5,000$          5,000$                   
3.6 Rerouting stream in Area B 1 LS 10,000$        10,000$                 

Subtotal 57,500$                 

4. Soil mixing 
4.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 18,241 CY 100$             1,824,074$            
- Treatment Area  SF 19,700
- total thickness ft 25
- Mobilization/demobilization 1 LS 100,000$      100,000$               
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$          5,000$                   

4.2 Iron including delivery (based upon the quote provided by ETI) 114 tons 1,155$          131,675$               
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

4.3 Chemical, water, electrical & other materials and equipment costs 1 LS 40,000$        40,000$                 
4.4 On-site soil and water management 1 LS 5,000$          5,000$                   

Subtotal 2,105,749$            

4. Monitoring Well Network Installation
4.1 Monitoring well installation 6 ea 2,400$          14,400$                 
4.2 On-site soil and water management 1 LS 5,000$          5,000$                   
4.3 Cuttings/development water sampling & characterization 4 LS 500$             2,000$                   
4.5 Development water off-site disposal to a hazardous waste landfill 6 drum 100$             600$                      
4.6 Soil off-site disposal to a hazardous waste landfill 1.5 CY 160$             237$                      
4.8 Well survey 1 LS 2,000$          2,000$                   

Subtotal 24,237$                 

5. Site Restoration 
5.2 Grade site and Hydroseed 1 LS 8,940$          8,940$                   

Seed- $0.20/SF
Grade the site $5,000

5.3 As-Builts/Completion Report 1 LS 18,000$        18,000$                 
Subtotal 26,940$                 

TOTAL CAPITAL COST: 2,332,427$            

2,332,427$   
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ERD Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 18,000$    18,000$                            
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$      6,000$                              
1.2.2 Injection/monitoring well installation 1 LS 8,400$      8,400$                              
1.2.3 Baseline sampling 1 LS 7,200$      7,200$                              
1.2.4 Mobe/demobe 6 LS 2,400$      14,400$                            
1.2.5 Field injection 1 LS 48,000$    48,000$                            
1.2.6 Post-injection performance monitoring 4 ea 7,200$      28,800$                            
1.2.7 Pilot test reporting 1 LS 12,000$    12,000$                            

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 142,800$                         

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$    12,000$                            
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$      8,400$                              
2.3 Batching & injection equipment design and RFP for equipment fabrication 1 LS 12,000$    12,000$                            
2.4 Design Report 1 LS 12,000$    12,000$                            
2.5 Implementation plan 1 LS 12,000$    12,000$                            

Subtotal 56,400$                           

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$      2,000$                              
3.2 Site cleaning/prep 1 LS 5,000$      5,000$                              

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$      9,600$                              
3.4 Building preparation 1 LS 15,000$    15,000$                            

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$      4,800$                              
3.6 Power supply hookups/upgrade 1 LS 6,000$      6,000$                              

Subtotal 42,400$                           

4. Injection & Monitoring Well Netwrok Installation
4.1 Injection well installation 28 ea 1,900$      53,200$                            

- Total target area = 13,970 SF
- Total depth = 25'
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 4 ea 1,900$      7,600$                              
- 4 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 5,000$      5,000$                              
4.4 Cuttings/development water sampling & characterization 6 LS 500$         3,000$                              
4.5 Development water off-site disposal to a hazardous waste landfill 4 Drum 100$         400$                                 

- Development water (drums 4
4.6 Soil off-site disposal to a hazardous waste landfill 8 CY 160$         1,266$                              

- Soil cuttings (CY) = 8
4.7 Wellhead assemblies installation 28 ea 500$         14,000$                            
4.8 Well survey 1 LS 2,500$      2,500$                              

Subtotal 86,966$                           
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ERD Portion of ERD/ISCO/ISSM Remedy - Capital Costs

5. Process equipment fabrication and installation
5.1 Batching & Injection equipment fabrication 1 LS 40,000$    40,000$                            

- Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
distribution headers, piping and wiring

5.2 Freight 1 LS 7,200$      7,200$                              
5.3 On-site installation of process equipment 1 LS 12,000$    12,000$                            

- includes electrical & mechanical connections
Subtotal 59,200$                           

6. Trenching and piping
6.1 Trenching and below grade piping in Areas A (uncapped) & B 1 LS 23,875$    23,875$                            

- Trenching & backfilling - 1,400 LF @ $10/ft = $14,000
- 6" pipe = 500 LF @ $5/ft = $2,500
- 2" pipe = 400 LF @ $2/ft = $800
- 1" pipe = 500 LF @ $0.75/ft = $375
- Plumbing - 1,400 LF @ $3/ft = $4,200, Elbows, Tees, fittings and supports = $2,000

Subtotal 23,875$                           

7. System startup and shakedown
7.1 Two week event 2 ea 19,500$    39,000$                            

- Assuming 2 engineers & 1 senior engineer for each week
7.2 Chemical, water, electrical & other materials and equipment costs 1 LS 15,000$    15,000$                            
7.3 Completion report & as-builts 1 LS 18,000$    18,000$                            

Subtotal 72,000$                           

TOTAL CAPITAL COST: 483,641$                          

483,641$              
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ISCO Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 12,000$     12,000$                             
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$       6,000$                               
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                               
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                               
1.2.4 Mobe/demobe 6 LS 2,400$       14,400$                             
1.2.5 Field injection 1 LS 54,000$     54,000$                             
1.2.6 Post-injection performance monitoring 2 ea 7,200$       14,400$                             
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                             

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 128,400$                           

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 6,000$       6,000$                               
2.2 Process design including injection/monitoring well layout & piping design 1 LS 3,600$       3,600$                               
2.3 Batching & injection equipment design and Specification for equipment fabrication 1 LS 6,000$       6,000$                               
2.4 Design Report (combined report with ERD/ISCO design) 1 LS 6,000$       6,000$                               
2.5 Implementation plan (combined plan with ERD/ISCO application) 1 LS 6,000$       6,000$                               

Subtotal 27,600$                             

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                               
3.2 Site cleaning/prep 1 LS 1,000$       1,000$                               

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 3,600$       3,600$                               
3.4 Building preparation 1 LS 2,000$       2,000$                               

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 3,600$       3,600$                               
3.6 Power supply hookups/upgrade 1 LS 1,200$       1,200$                               

Subtotal 13,400$                             

4. Injection & Monitoring Well Netwrok and Injection Wellhead Installation
4.1 Injection well installation 34 ea 1,900$       64,600$                             

- Total target area = 1,926 SF
- Total depth = 25'
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 3 ea 1,500$       4,500$                               
- 3 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 2,000$       2,000$                               
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                               
4.5 Development water off-site disposal to a hazardous waste landfill 3 CY 100$          300$                                  

- Development water (drums) = 3
4.6 Soil off-site disposal to a hazardous waste landfill 9 CY 160$          1,464$                               

- Soil cuttings (CY) = 9
4.7 Injection hoses & wellhead assemblies and installation including flow meters 34 ea 750$          25,500$                             
4.8 Well survey 1 LS 1,000$       1,000$                               

Subtotal 102,364$                           
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ISCO Portion of ERD/ISCO/ISSM Remedy - Capital Costs

5. Oxidant cost
5.1 Permanganate cost 36568 LS 2.25$         82,278$                             

- Total target area (SF) 2,955
- Total interval/depth (ft) 15
- Target soil volume (CY) 1642
- SOD = 5 g/Kg 5
- Permanganate (lb) 24379
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 4,114$       4,114$                               
Subtotal 86,392$                             

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 24 days 4,500$       108,000$                           

- A total of 3 injections. 0.5 pore volume of solution during each injection event
- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 20 well screens
- Total Injection days = 8 days per event & 3 events

6.2 Water & other materials 126000 LS 0.050$       6,300$                               
6.3 Crew+Equip Mobe/Demobe 3 LS 10,000$     30,000$                             
6.4 Completion Report 1 LS 18,000$     18,000$                             

Subtotal 162,300$                           

TOTAL CAPITAL COST: 520,456$                           

520,456$              

Appendix C-3
Page 22 of 27



Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

ISSM Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study

1.1 Treatability/bench-scale study/column Test 1 LS 30,000$        30,000$                 
- Treatability testing for choosing ZVI+substrate & dosing

1.2 Project management, technical interpretation 1 LS 10,000$        10,000$                 
Subtotal 40,000$                 

2. System design & implementation workplan
2.1 Design calcuations including dosing rates, hydraulic calculations 1 LS 18,000$        18,000$                 
2.2 Process design, batching and piping for ZVI/substrate mixing 1 LS 10,000$        10,000$                 
2.3 Design Report including soil erosion plan 1 LS 35,000$        35,000$                 
2.5 Implementation Plan 1 LS 15,000$        15,000$                 

Subtotal 78,000$                 

3. Site preparation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 10,000$        10,000$                 
3.2 Site cleaning, extend roads, grading a level working platform 1 LS 15,000$        15,000$                 
3.3 Coordination with contractors/subcontractors 1 LS 2,500$          2,500$                   
3.4 Mobilize/demobilize 1 LS 15,000$        15,000$                 
3.5 Construction Survey 1 LS 5,000$          5,000$                   
3.6 Rerouting stream in Area B 1 LS 10,000$        10,000$                 

Subtotal 57,500$                 

4. Soil mixing 
4.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 2,736 CY 100$             273,611$               
- Treatment Area  SF 2,955
- total thickness ft 25
- Mobilization/demobilization 1 LS 100,000$      100,000$               
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$          5,000$                   

4.2 Iron including delivery (based upon the quote provided by ETI) 17 tons 1,155$          19,751$                 
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

4.3 Chemical, water, electrical & other materials and equipment costs 1 LS 10,000$        10,000$                 
4.4 On-site soil and water management 1 LS 5,000$          5,000$                   

Subtotal 413,362$               

4. Monitoring Well Network Installation
4.1 Monitoring well installation 2 ea 2,400$          4,800$                   
4.2 On-site soil and water management 1 LS 5,000$          5,000$                   
4.3 Cuttings/development water sampling & characterization 4 LS 500$             2,000$                   
4.5 Development water off-site disposal to a hazardous waste landfill 6 drum 100$             600$                      
4.6 Soil off-site disposal to a hazardous waste landfill 0.5 CY 160$             79$                        
4.8 Well survey 1 LS 2,000$          2,000$                   

Subtotal 14,479$                 

5. Site Restoration 
5.1 Grade site and Hydroseed 1 LS 5,591$          5,591$                   

Seed- $0.20/SF
Grade the site $5,000

5.2 As-Builts/Completion Report 1 LS 15,000$        15,000$                 
Subtotal 20,591$                 

TOTAL CAPITAL COST: 623,933$               

623,933$      
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

Injection Network for Combination (ISCO/ERD) Option - Capital Cost Backup
ISSM Area for Combination (ISCO/ERD/ISSM) Option - Capital Cost Backup

ERD in 70% of the target area

Area Surface Area Well Depth (ft) ROI # Wells
3 13,790 25 12.5 28.1

13,790 28

ISCO in 15% of the target area

Area Surface Area Well Depth (ft) ROI # Wells
3 2,955 22.5 7.5 16.7

2,955 17
two depth intervals 34

total saturated thickness 15
influence volume per well 2477 gal

injection rate 0.5 gpm

pore volume injected 0.5 3 dosing events
Injection volume/well 1239 gal

injection duration 41 hrs
6 days
7 hr/day injection

Total volume injected every event = 42112 gal

No of wells - simultaneous injection 25
total injection duration 8.0 days

ISSM in 15% of the target area
Area Surface Area

3 2,955
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

MNA and Long-Term Monitoring Costs

Quantity Units $/Unit Cost

1. Plume Monitoring during Active Remedy Design and Implementation
1.1  Mobe/demobe 2 ea 2,400$       4,800$                       
1.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
1.3  Sampling equipment and materials 2 ea 1,200$       2,400$                       
1.4  Monitoring well/piezometer samples (a total of 15 wells) 40 ea 140$          5,600$                       
     - Monitoring well/piezometer samples = 20 samples per event
1.5  Data compilation, evaluation, tech memo 2 ea 18,000$     36,000$                     

Subtotal 68,000$                     

Annual Monitoring Cost: 68,000$    
68,000$    

2. MNA Monitoring after Achieving Active Remedy Goals
2.1  Mobe/demobe 4 ea 3,600$       14,400$                     
2.2  Monitoring visits: quarterly 4 ea 14,400$     57,600$                     
2.3  Sampling equipment and materials 4 ea 1,800$       7,200$                       
2.4  Monitoring well/piezometer samples (a total of 24 wells) 112 ea 250$          28,000$                     
     - Monitoring well/piezometer samples = 28 samples per event
2.5  Data compilation, evaluation, tech memo 2 ea 24,000$     48,000$                     

Subtotal 155,200$                   

Annual Monitoring Cost: 155,200$  
155,200$  

3. Long-Term Monitoring to Closure
3.1  Mobe/demobe 2 ea 2,400$       4,800$                       
3.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
3.3  Sampling equipment and materials 2 ea 1,200$       2,400$                       
3.4  Monitoring well/piezometer samples (a total of 15 wells) 40 ea 140$          5,600$                       
     - Monitoring well/piezometer samples = 20 samples per event
3.5  Data compilation, evaluation, tech memo 2 ea 18,000$     36,000$                     

Subtotal 68,000$                     

Annual Monitoring Cost: 68,000$    
68,000$    

Component
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

MNA and Long-Term Monitoring Costs

Potential Monitoring Plans under Different Remedial Options within Alternative 2

A. ERD Only
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 Plume monitoring $68,000 $48,500
6 Plume monitoring $68,000 $45,300
7 MNA monitoring $155,200 $96,700
8 MNA monitoring $155,200 $90,300
8 2-year report $35,000 $20,400
9 MNA monitoring $155,200 $84,400

10 MNA monitoring $155,200 $78,900
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300
24 Long-term monitoring $68,000 $13,400
25 Long-term monitoring $68,000 $12,500
26 Long-term monitoring $68,000 $11,700
27 Long-term monitoring $68,000 $10,900

TOTAL NPV =  $1,032,100

B. ERD/ISCO/ISSM
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 Plume monitoring $68,000 $48,500
6 MNA monitoring $155,200 $103,400
7 MNA monitoring $155,200 $96,700
7 2-year report $35,000 $21,800
8 MNA monitoring $155,200 $90,300
9 MNA monitoring $155,200 $84,400

10 Long-term monitoring $68,000 $34,600
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300
24 Long-term monitoring $68,000 $13,400
25 Long-term monitoring $68,000 $12,500
26 Long-term monitoring $68,000 $11,700

26.25 Long-term monitoring $17,000 $2,900
TOTAL NPV =  $1,039,300
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Cost Estimate Alternative 3
Area A Containment, Area B In-Situ Remedy, and MNA in Area C

MNA and Long-Term Monitoring Costs

C. ISCO Only
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 MNA monitoring $155,200 $110,700
6 MNA monitoring $155,200 $103,400
6 2-year report $35,000 $23,300
7 MNA monitoring $155,200 $96,700
8 MNA monitoring $155,200 $90,300
9 Long-term monitoring $68,000 $37,000

10 Long-term monitoring $68,000 $34,600
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300

23.5 Long-term monitoring $34,000 $6,900
TOTAL NPV =  $1,022,000

D. ISSM Only
Year Monitoring Component Annual Cost NPV

1 Plume monitoring $68,000 $63,600
2 Plume monitoring $68,000 $59,400
3 Plume monitoring $68,000 $55,500
4 Plume monitoring $68,000 $51,900
5 Plume monitoring $68,000 $48,500
6 MNA monitoring $155,200 $103,400
7 MNA monitoring $155,200 $96,700
7 2-year report $35,000 $21,800
8 MNA monitoring $155,200 $90,300
9 MNA monitoring $155,200 $84,400

10 Long-term monitoring $68,000 $34,600
11 Long-term monitoring $68,000 $32,300
12 Long-term monitoring $68,000 $30,200
13 Long-term monitoring $68,000 $28,200
14 Long-term monitoring $68,000 $26,400
15 Long-term monitoring $68,000 $24,600
16 Long-term monitoring $68,000 $23,000
17 Long-term monitoring $68,000 $21,500
18 Long-term monitoring $68,000 $20,100
19 Long-term monitoring $68,000 $18,800
20 Long-term monitoring $68,000 $17,600
21 Long-term monitoring $68,000 $16,400
22 Long-term monitoring $68,000 $15,300
23 Long-term monitoring $68,000 $14,300
24 Long-term monitoring $68,000 $13,400
25 Long-term monitoring $68,000 $12,500
26 Long-term monitoring $68,000 $11,700

TOTAL NPV =  $1,036,400
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Appendix C-4
Alternative 4 - Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Cost Summary Sheet

PRB Collection Trench

CAPITAL COSTS

Institutional Controls -$                  -$                

Pre-Design Investigation 72,000$         72,000$       

Predictive Modeling 35,000$         35,000$       

Containment Design, Installation and Startup
Treatability/Bench Scale and Field Pilot Test 41,000$         -$                

System Design and Implementation Work Plan 60,200$         63,600$       
Site Preparation, Mob and DeMob 12,000$         38,200$       

System Construction 934,561$       509,037$     
Process Equipment Fabrication and Installation -$                  64,600$       

Trenching and Piping -$                  52,480$       
Operation Startup 48,600$         81,600$       

Subtotal 1,096,361$    809,517$     

SUBTOTAL CAPITAL COSTS 1,203,400$    916,500$     

Contingency (25%) 300,900$       229,100$     

SUBTOTAL CAPITAL COSTS 1,504,300$    1,145,600$  

Project Management (5%) 75,200$         57,300$       
Remedial Design (8%) 120,300$       91,600$       
Construction Management (6%) 90,300$         68,700$       
Subtotal PM, RD and CM Costs 285,800$       217,600$     

TOTAL ESTIMATED CAPITAL COSTS 1,790,100$    1,363,200$  

O&M COSTS

Treatment System Maintenance
PRB Media Cleaning ($35,000/event @ Year 12.5, 37.5, 62.5 and 87.5) 18,400$         -$                

PRB Media Change-Out ($1,203,361/event @ Year 25, 50 and 75) 246,100$       -$                
Collection Trench Operation and Maintenance -$                  1,003,100$  

Annual Cost of the Collection Trench Operations and Maintenance - 70,300$       
Assumed Number of Years 100 100

Subtotal 264,500$       1,003,100$  

Treatment System Monitoring 328,200$       492,300$     
Annual Cost 23,000$         34,500$       

Assumed Number of Years 100 100

MNA and Long-Term Monitoring 979,300$       979,300$     
Assumed Number of Years 35.5 35.5

Maintenance of Institutional Controls 32,500$         32,500$       
Annual Cost 2,500$           2,500$         

Assumed Number of Years 35.5 35.5

5-Year Reviews 86,800$         86,800$       
Unit Cost 35,000$         35,000$       

Assumed Number of Reviews 8 8

TOTAL ESTIMATED O&M COSTS 1,691,300$    2,594,000$  

TOTAL ESTIMATED CAPITAL COSTS 1,790,100$    1,363,200$  
TOTAL ESTIMATED O&M COSTS 1,691,300$    2,594,000$  

TOTAL ESTIMATED REMEDIATION COSTS 3,481,400$    3,957,200$  

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Appendix C-4
Alternative 4 - Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Cost Summary Sheet

ISCO Only ERD Only ISSM Only Combination of ISCO, ERD & ISSM
REMEDY OPTIMIZATION COSTS Option Option Option ISCO ERD ISSM 

Portion Portion Portion

INCREMENTAL CAPITAL COSTS

Technology Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 156,000$       145,200$       40,000$         128,400$     142,800$     40,000$       

System Design and Implementation Work Plan 50,400$         56,400$         78,000$         27,600$       56,400$       78,000$       
Site Preparation, Mob and DeMob 32,400$         42,400$         57,500$         13,400$       42,400$       57,500$       

Injection and Monitoring Network Installation 609,633$       114,114$       24,237$         102,364$     86,966$       14,479$       
Process Equipment Fabrication and Installation -$                  59,200$         -$                  -$                59,200$       -$                

Oxidant Cost 575,948$       -$                  -$                  86,392$       -$                -$                
Soil Mixing -$                  -$                  2,105,749$    -$                -$                413,362$     

Trenching and Piping -$                  26,263$         -$                  -$                23,875$       -$                
Oxidant Injection and Operation 558,950$       -$                  -$                  162,300$     -$                -$                
System Startup and Shakedown -$                  77,000$         -$                  -$                72,000$       -$                

Site Restoration -$                  -$                  26,940$         -$                -$                20,591$       
Subtotal 1,983,331$    520,577$       2,332,427$    520,456$     483,641$     623,933$     

Technology Performance Operation -$                  579,000$       -$                  386,000$     
Assumed Number of Years 0 3 0 2

Technology Performance Monitoring 47,680$         190,720$       143,040$       143,040$     
Assumed Number of Years 1 4 3 3

SUBTOTAL CAPITAL COSTS 2,031,000$    1,290,300$    2,475,500$    2,157,100$  

Contingency (25%) 507,800$       322,600$       618,900$       539,300$     

SUBTOTAL CAPITAL COSTS 2,538,800$    1,612,900$    3,094,400$    2,696,400$  

Project Management (5%) 126,900$       80,600$         154,700$       134,800$     
Remedial Design (8%) 203,100$       129,000$       247,600$       215,700$     
Construction Management (6%) 152,300$       96,800$         185,700$       161,800$     
Subtotal PM, RD and CM Costs 482,300$       306,400$       588,000$       512,300$     

TOTAL ESTIMATED INCREMENTAL CAPITAL COSTS 3,021,100$    1,919,300$    3,682,400$    3,208,700$  

INCREMENTAL O&M COSTS

MNA and Long-Term Monitoring -$                  $0 $0 -$                
Assumed Number of Years 0 0 0 0

Maintenance of Institutional Controls -$                  -$                  -$                  -$                
Assumed Number of Years 0 0 0 0

5-Year Reviews -$                  -$                  -$                  -$                
Assumed Number of Reviews 0 0 0 0

TOTAL ESTIMATED INCREMENTAL O&M COSTS -$                  -$                  -$                  -$                

TOTAL ESTIMATED INCREMENTAL CAPITAL COSTS 3,021,100$    1,919,300$    3,682,400$    3,208,700$  
TOTAL ESTIMATED INCREMENTAL O&M COSTS -$                  -$                  -$                  -$                

TOTAL ESTIMATED INCREMENTAL REMEDIATION COSTS 3,021,100$    1,919,300$    3,682,400$    3,208,700$  

Notes:
- Operations and maintenance (O&M) costs are calculated as Net Present Value (NPV)
- NPV calculations include a discount rate of 7 percent before tax and without inflation
- No additional O&M costs for the Optimization Remedy as the cleanup is assumed to be achieved in the estimated timeframe for the Remedial Alternative

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Pre-Design Investigation Costs

Component Quantity Units $/Unit Cost
Pre-design investigation

1.1 Pre-design subsurface investigation workplan 1 LS 12,000$     12,000$                             
1.2 Pre-design subsurface investigation

1.2.2 Temporary well installation for groundwater sampling 4 ea 4,800$       19,200$                             
1.2.3 Groundwater sampling from existing monitoring wells 3 ea 2,400$       7,200$                               
1.2.4 Monitoring well installation 6 ea 1,900$       11,400$                             
1.2.5 VOC Analytical costs 22 ea 100$          2,200$                               
1.2.6 MNA and physical parameter analytical costs 8 ea 250$          2,000$                               

Assumptions:
- Groundwater sampling using Geoprobe
- Up to 10 temporary well installation for groundwater sampling
- Up to 6 new monitoring well installation
- Up to 9 existing monitoring well sampling
- 4 days of direct push drilling for groundwater sampling/temp well installation
- 3 days of groundwater sampling from existing wells
- Analytical parameters include soil and groundwater VOCs, MNA parameters,
  and groundwater geochemical parameters.
- Collection of Groundwater samples for bench/treatability testing

1.3 Pre-design investigation report 1 LS 18,000$     18,000$                             
Subtotal 72,000$                             

TOTAL CAPITAL COST: 72,000$                             

72,000$                
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

PRB Barrier Systems

Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study

1.1 Treatability/bench-scale study (based upon the quote provided by ETI) 1 LS 36,000$       36,000$                          
- Cost to test one type of iron in a single column test.

1.2 Technical interpretation 1 LS 9,600$         5,000$                            
Subtotal 41,000$                          

2. System design & implementation workplan
2.1 ZVI PRB system design 1 LS 30,000$       30,000$                          
2.2 ETI design asistance  (based upon the quote provided by ETI) 1 LS 9,600$         9,600$                            
2.3 Hydraulic analysis/calculations 1 LS 6,000$         5,000$                            
2.4 Workplan 1 LS 15,600$       15,600$                          

Subtotal 60,200$                          

3. Site Preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 1,000$         1,000$                            
3.2 Site cleaning & extend roads 1 LS 5,000$         5,000$                            
3.3 Coordination with contractors/subcontractors 1 LS 3,000$         3,000$                            
3.4 Mobilize/demobilize equipment 1 LS 1,800$         1,800$                            
3.5 Construction Survey 1 LS 1,200$         1,200$                            

Subtotal 12,000$                          

4. ZVI PRB construction
4.1 PRB construction (excavation & backfilling, including mobilization/demobilization ) 1 LS 326,737$     326,737$                        

- Trenching 2.5' wide x 25' deep x 200' long & 2.5' wide x 25' deep x 135' long 
- Biopolymer Slurry construction method
- Includes Mobilization/demobilization
- Trenching area = 25' x 200' + 25' x 135' 8375 SF
- Trenching cost included

4.2 Iron including delivery (based upon the quote provided by ETI) 390 tons 1,155$         450,450$                        
- 20% v/v iron in an iron sand mix in a 2.5' wide trench
- Iron flow through thickness = 0.5'
- Granular iron amount = 260 tons *1.5 safety factor
- Granular iron volume = 3,340 CF
- Granular iron cost = $1,155/ton

4.4 On-site soil and water management 1 LS 8,000$         8,000$                            
4.5 Soil stockpile sampling & characterization 1 LS 2,500$         2,500$                            
4.6 Soil off-site disposal (assumed haz-waste Land Fill) CF 775 CY 160$            124,074$                        

- Soil volume = 2.5' x 25' x (200' + 135') 20938
4.7 Monitoring well/piezometer installation 12 ea 1,900$         22,800$                          

- Well installation cost = $1,900/well (including drilling & oversight)
Subtotal 934,561$                        

5. Operation start-up 
5.1 Operation start-up & initial process monitoring 2 weeks 13,500$       27,000$                          

- Assuming 1E2 & 1SE for 2 week
- $6,000/E2/week and $7,500/E2/week(including labor & expenses)

5.2 As-Builts/Completion Report 1 LS 21,600$       21,600$                          
Subtotal 48,600$                          

TOTAL CAPITAL COST: 1,096,361$  
1,096,361$  

Component
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Monitoring Costs for PRB

Quantity Units $/Unit Cost
1. ZVI PRB performance monitoring

1.1 Subcontractor system performance monitoring visits 4 ea 3,600$      14,400$                
    - Performance monitoring visits: quarterly
1.2  Monitoring well/piezometer samples 56 ea 100$         5,600$                  
    - Monitoring well/piezometer samples = 14 samples per event
1.3 Reporting and coordination 1 LS 3,000$      3,000$                  

Subtotal 23,000$                

Annual O&M Cost: 23,000$  
23,000$  

Component
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Collection Trench Barrier System near the Compliance Boundary

Quantity Units $/Unit Cost
1. System design & implementation workplan

1.1 Overall system design including trench, wells, sumps, and piping design 1 LS 21,000$       21,000$                         
1.2 Equipment design and RFP for process equipment fabrication 1 LS 21,000$       21,000$                         
1.3 Hydraulic analysis/calculations 1 LS 6,000$         6,000$                           
1.4 Workplan 1 LS 15,600$       15,600$                         

Subtotal 63,600$                         

2. Site preperation/mobilization/demobilization/coordination
2.1 Permitting 1 LS 5,000$         5,000$                           
2.2 Site cleaning & extend roads 1 LS 5,000$         5,000$                           
2.3 Coordination with contractors/subcontractors 1 LS 3,000$         3,000$                           
2.4 Building preparation 1 LS 15,000$       15,000$                         

- Use of existing onsite building that was used for AS/SVE system
2.5 Mobilize/demobilize equipment 1 LS 6,000$         6,000$                           
2.6 Construction Survey 1 LS 1,200$         1,200$                           
2.7 Hookups 1 LS 3,000$         3,000$                           

Subtotal 38,200$                         

3. Groundwater collection trench construction
3.1 Trench construction (excavation & backfilling, including mobilization/demobilization ) 1 LS 326,737$     326,737$                       

- Trenching 2.5' wide x 25' deep x 200' long & 2.5' wide x 25' deep x 135' long 
- Biopolymer Slurry construction method
- Includes Mobilization/demobilization
- Trenching area = 25' x 200' + 25' x 135'
- Trenching cost included

3.2 On-site soil and water management 1 LS 8,000$         8,000$                           
3.3 Soil stockpile sampling & characterization 1 LS 2,500$         2,500$                           
3.4 Soil off-site disposal (assumed haz-waste Land Fill) 775 CY 160$           124,000$                       

- Soil volume = 2.5' x 25' x (170' + 100') = 20,938 CF = 625 CY
3.5 Extraction piping, wells, sumps, valves and appurtenances installation 1 LS 25,000$       25,000$                         
3.6 Monitoring well/piezometer installation 12 ea 1,900$         22,800$                         

- Well installation cost = $1,900/well (including drilling & oversight)
Subtotal 509,037$                       

4. Process equipment fabrication and installation
4.1 Extraction equipment purchase, including: 1 LS 10,000$       10,000$                         

-Well/sump pumps
-Pump controllers, pump probes and wiring

4.2 Treatment equipment fabrication,including: 1 LS 39,000$       39,000$                         
- Prefabricated low-profile air stripper w/controls
- Liquid phase activated carbon
- Vapor phase activated carbon
- Equalization tanks
- Discharge pumps
- Telemetry system and interlocks (includ. sensors)

4.3 Freight 1 LS 3,600$         3,600$                           
4.4 On-site installation of process equipment, including 1 LS 12,000$       12,000$                         

- electrical connections
- mechanical connections

Subtotal 64,600$                         

Component
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Collection Trench Barrier System near the Compliance Boundary

5. Trenching and piping
5.1 Trench and backfill, extraction piping w/ fittings 1 LS 14,400$       14,400$                         

- Piping from the trench to the treatment building
- Trenching & backfilling - 800 LF @ $10/ft = $8,000
- 6" pipe - 800 LF @ $5/ft = $4,000
- Plumbing - 800 LF @ $3/ft = $2,400

5.2 Trench and backfill, discharge piping w/ fittings 1 LS 10,800$       10,800$                         
- Piping from the treatment building to surface water
 - Trenching & backfilling - 600 LF @ $10/ft = $6,000
- 6" pipe - 600 LF @ $5/ft = $3,000
- Plumbing - 600 LF @ $3/ft = $1,800

5.3 On-site soil and water management 1 LS 4,000$         4,000$                           
5.4 Soil stockpile sampling & characterization 1 LS 2,000$         2,000$                           
5.5 Soil off-site disposal (assumed haz-waste Land Fill) 133 CY 160$           21,280$                         

- Soil volume = 900' x 2' x 2' = 3,600 CF = 133 CY
Subtotal 52,480$                         

6. System start-up 
6.1 Start-up and shakedown 4 weeks 13,500$       54,000$                         

 - Assuming 1E2 & 1SE for 4 week
- Construction oversight cost = $6,000/E2/week and $7,500/E2/week(including labor & expenses)

6.2 O&M manual 1 LS 9,600$         9,600$                           
6.3 As-Builts/Completion Report 1 LS 18,000$       18,000$                         

Subtotal 81,600$                         

TOTAL CAPITAL COST: 809,517$     
809,517$     
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

O&M Costs for Collection Trench

Quantity Units $/Unit Cost
˜  1. Groundwater Collection Trench operation and maintenance

1.1 Subcontractor (O&M Specialty Local Contractor) O&M monthly visits, including: 6 months 3,000$       18,000$                     
Air stripper maintainance
Other equipment maintainance
1.2 Liquid Phase Carbon Change Out (1 per every year) - 2 * 1000 lb units 1 ea 10,200$     10,200$                     
1.3 Vapor Phase Carbon Change Out (2 per year)- 2 * 1500 lb units 2 ea 10,200$     20,400$                     
1.4 Electrical consumption (per year) 1 LS 9,600$       9,600$                       
1.5 Misc. Repairs 1 LS 9,600$       9,600$                       
1.6 Reporting and coordination 1 LS 2,500$       2,500$                       

Subtotal 70,300$                     

Annual O&M Cost: 70,300$     
70,300$     

Component
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Monitoring Costs for Collection Trench

Quantity Units $/Unit Cost
2. Groundwater Collection Trench performance monitoring

2.1 Subcontractor system performance monitoring visits 4 ea 6,000$       24,000$                     
     - Performance monitoring visits: quarterly
2.2  Monitoring well/piezometer samples 56 ea 100$          5,600$                       
     - Monitoring well/piezometer samples = 14 samples per event

24 ea 100$          2,400$                       

2.4 Reporting and coordination 1 LS 2,500$       2,500$                       
Subtotal 34,500$                     

Annual Monitoring Cost: 34,500$     
34,500$     

Component

2.3 Analyze influent & effluent air & water samples (3 air sample/quarter and 3 water 
samples/quarter)
     - Influent & effluent air & water sampling: quarterly 
     - Performance monitoring visits will be coordinated with O&M visits
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

MNA and Long-Term Monitoring Costs

Quantity Units $/Unit Cost

1. MNA Monitoring Plan for Years 1 and 2
1.1  Mobe/demobe 4 ea 3,600$       14,400$                     
1.2  Monitoring visits: quarterly 4 ea 12,000$     48,000$                     
1.3  Sampling equipment and materials 4 ea 2,400$       9,600$                       
1.4  Monitoring well/piezometer samples (a total of 20 wells) 100 ea 250$          25,000$                     
     - Monitoring well/piezometer samples = 25 samples per event
1.5  Data compilation, evaluation, tech memo 4 ea 19,200$     76,800$                     

Subtotal 173,800$                   

Annual Monitoring Cost: 173,800$  
173,800$  

2. MNA Monitoring Plan for Years 3, 4 and 5
2.1  Mobe/demobe 2 ea 2,400$       4,800$                       
2.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
2.3  Sampling equipment and materials 2 ea 1,800$       3,600$                       
2.4  Monitoring well/piezometer samples (a total of 15 wells) 40 ea 250$          10,000$                     
     - Monitoring well/piezometer samples = 20 samples per event
2.5  Data compilation, evaluation, tech memo 2 ea 15,600$     31,200$                     

Subtotal 68,800$                     

Annual Monitoring Cost: 68,800$    
68,800$    

3. Long-Term Monitoring to Closure
3.1  Mobe/demobe 2 ea 2,400$       4,800$                       
3.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
3.3  Sampling equipment and materials 2 ea 1,200$       2,400$                       
3.4  Monitoring well/piezometer samples (a total of 15 wells) 12 ea 100$          1,200$                       
     - Monitoring well/piezometer samples = 20 samples per event 8 ea 250$          2,000$                       
3.5  Data compilation, evaluation, tech memo 2 ea 12,000$     24,000$                     

Subtotal 53,600$                     

Annual Monitoring Cost: 53,600$    
53,600$    

Component
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

MNA and Long-Term Monitoring Costs

Cost Estimate for the Potential Monitoring Plan

Year Monitoring Component Annual Cost NPV
1 MNA monitoring $173,800 $162,400
2 MNA monitoring $173,800 $151,800
2 2-year report $35,000 $30,600
3 MNA monitoring $68,800 $56,200
4 MNA monitoring $68,800 $52,500
5 MNA monitoring $68,800 $49,100
6 Long-term monitoring $53,600 $35,700
7 Long-term monitoring $53,600 $33,400
8 Long-term monitoring $53,600 $31,200
9 Long-term monitoring $53,600 $29,200
10 Long-term monitoring $53,600 $27,200
11 Long-term monitoring $53,600 $25,500
12 Long-term monitoring $53,600 $23,800
13 Long-term monitoring $53,600 $22,200
14 Long-term monitoring $53,600 $20,800
15 Long-term monitoring $53,600 $19,400
16 Long-term monitoring $53,600 $18,200
17 Long-term monitoring $53,600 $17,000
18 Long-term monitoring $53,600 $15,900
19 Long-term monitoring $53,600 $14,800
20 Long-term monitoring $53,600 $13,900
21 Long-term monitoring $53,600 $12,900
22 Long-term monitoring $53,600 $12,100
23 Long-term monitoring $53,600 $11,300
24 Long-term monitoring $53,600 $10,600
25 Long-term monitoring $53,600 $9,900
26 Long-term monitoring $53,600 $9,200
27 Long-term monitoring $53,600 $8,600
28 Long-term monitoring $53,600 $8,100
29 Long-term monitoring $53,600 $7,500
30 Long-term monitoring $53,600 $7,000
31 Long-term monitoring $53,600 $6,600
32 Long-term monitoring $53,600 $6,200
33 Long-term monitoring $53,600 $5,700
34 Long-term monitoring $53,600 $5,400
35 Long-term monitoring $53,600 $5,000

35.5 Long-term monitoring $26,800 $2,400
TOTAL NPV =  $979,300
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ERD Only- Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 18,000$     18,000$                             
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 8,400$       8,400$                               
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                               
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                               
1.2.4 Mobe/demobe 6 LS 2,400$       14,400$                             
1.2.5 Field injection 1 LS 48,000$     48,000$                             
1.2.6 Post-injection performance monitoring 4 ea 7,200$       28,800$                             
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                             

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 145,200$                           

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                             
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                               
2.3 Batching & injection equipment design and RFP for equipment fabrication 1 LS 12,000$     12,000$                             
2.4 Design Report 1 LS 12,000$     12,000$                             
2.5 Implementation plan 1 LS 12,000$     12,000$                             

Subtotal 56,400$                             

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                               
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                               

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                               
3.4 Building preparation 1 LS 15,000$     15,000$                             

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                               
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                               

Subtotal 42,400$                             

4. Injection & Monitoring Well Netwrok Installation
4.1 Injection well installation 40 ea 1,900$       76,290$                             

- Total target area = 19,700 SF
- Total depth = 25'
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 4 ea 1,900$       7,600$                               
- 4 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 2,500$       2,500$                               
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                               
4.5 Development water off-site disposal to a hazardous waste landfill 4 Drum 100$          400$                                  

- Development water (drums) = 4
4.6 Soil off-site disposal to a hazardous waste landfill 11 CY 160$          1,747$                               

- Soil cuttings (CY) = 11
4.7 Wellhead assemblies installation including flow meters 40 ea 500$          20,076$                             
4.8 Well survey 1 LS 2,500$       2,500$                               

Subtotal 114,114$                           

Appendix C-4
Page 12 of 26



Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ERD Only- Capital Costs

5. Process equipment fabrication and installation
5.1 Batching & Injection equipment fabrication 1 LS 40,000$     40,000$                             

- Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
  distribution headers, piping and wiring

5.2 Freight 1 LS 7,200$       7,200$                               
5.3 On-site installation of process equipment 1 LS 12,000$     12,000$                             

- includes electrical & mechanical connections
Subtotal 59,200$                             

6. Trenching and piping
6.1 Trenching and below grade piping in Area B 1 LS 26,263$     26,263$                             

- Trenching & backfilling- 1,400 LF @ $10/ft = $14,000
- 6" pipe = 500 LF @ $5/ft = $2,500
- 2" pipe = 400 LF @ $2/ft = $800
- 1" pipe = 500 LF @ $0.75/ft = $375
- Plumbing- 1,400 LF @ $3/ft = $4,200, Elbows, Tees, fittings and supports = $2,000

Subtotal 26,263$                             

7. System startup and shakedown
7.1 Two week event 2 ea 19,500$     39,000$                             

- Assuming 2 engineers & 1 senior engineer for each week
7.2 Chemical, water, electrical & other materials and equipment costs 1 LS 20,000$     20,000$                             
7.3 Completion report & as-builts 1 LS 18,000$     18,000$                             

Subtotal 77,000$                             

TOTAL CAPITAL COST: 520,577$                           

520,577$              
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
Injection Network for ERD Only - Capital Cost Backup

Area Surface Area Well Depth (ft) ROI # Wells
Area B2 19,700 25.0 12.5 40.2
Total 19,700 40

influence volume per well 13762 gal
injection rate 0.5 gpm

pore volume injected 0.1
Injection volume/well 1376 gal

injection duration 46 hrs
6 days

2 week injection event

Total volume injected every event = 55259 gal
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
O&M Costs for ERD Only and ERD portion of the Combination (ISCO/ERD) option

Quantity Units $/Unit Cost

1. Operation: Electron donor injection
1.1 Quarterly injections 4 ea 29,250$     117,000$                  

- Assuming 2 field engineers/scientists & 1 team leader for 1.5 weeks
- $6,000/field engr/week, $7,500/team leader/week  (including labor & expenses)

1.2 Electron donor - solution cost 4 LS 10,000$     40,000$                    
1.3 equipment/materials 4 LS 3,000$       12,000$                    
1.4 Mobilization/demobilization 4 LS 6,000$       24,000$                    

Subtotal 193,000$                  

Annual O&M Cost: 193,000$  
193,000$  

Notes:
Based on the cleanup timeframe estimates, the ERD Only system would operate for 3 years.

microbial acclimatization time: 6 months
cleanup time: 23 months
safety factor: 6 months

Total = ~ 3 years
It is assumed the ERD portion of the Combination (ISCO/ERD) system would operate for 2 years as elevated concentrations would be reduced by ISCO.

Component

Appendix C-4
Page 15 of 26



Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
Monitoring Costs for ERD Only, ISCO Only and the Combination (ISCO/ERD) option

Quantity Units $/Unit Cost

1. ERD performance monitoring
1.1  Mobe/demobe 4 ea 2,400$       9,600$                  
1.2 Performance monitoring visits 4 ea 3,000$       12,000$                

- Performance monitoring visits: Quarterly
1.3  Sampling equipment and materials 4 ea 600$          2,400$                  
1.4  Monitoring well/piezometer samples 32 ea 140$          4,480$                  

- Monitoring well/piezometer samples = 8 samples per event
1.5  Data compilation, evaluation, tech memo 4 ea 4,800$       19,200$                

Subtotal 47,680$                

wells in addition to standard MNA monitoring
samples include blank and duplicates
3 day field events

Annual Monitoring Cost: 47,680$  
47,680$  

Notes:
Monitoring would be performed through the duration the ERD system operation and one additional year after its shutdown
Based on the above assumption, monitoring would be conducted for 4 years under ERD only option and 3 years under the Combination option
Monitoring would be conducted for 1 year under the ISCO only option
This active remedy monitoring will be on a quarterly basis in addition to standard MNA monitoring conducted at the site

Component
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ISCO Only - Capital Costs

Component Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 12,000$     12,000$                             
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$       6,000$                               
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                               
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                               
1.2.4 Mobe/demobe 6 LS 6,000$       36,000$                             
1.2.5 Field injection 1 LS 60,000$     60,000$                             
1.2.6 Post-injection performance monitoring 2 ea 7,200$       14,400$                             
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                             

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 156,000$                           

2. System implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$     12,000$                             
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$       8,400$                               
2.3 Batching & injection equipment design and Specification for equipment fabrication 1 LS 12,000$     12,000$                             
2.4 Implementation plan 1 LS 18,000$     18,000$                             

Subtotal 50,400$                             

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                               
3.2 Site cleaning/prep 1 LS 5,000$       5,000$                               

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$       9,600$                               
3.4 Storage building preparation 1 LS 5,000$       5,000$                               

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$       4,800$                               
3.6 Power supply hookups/upgrade 1 LS 6,000$       6,000$                               

Subtotal 32,400$                             

4. Injection & Monitoring Well Netwrok and Injection Wellhead Installation
4.1 Injection well installation 223 ea 1,900$       423,700$                           

- Total target area = 19,700 SF
- Total depth = 20-25'
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 3 ea 1,900$       5,700$                               
- 3 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 2,000$       2,000$                               
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                               
4.5 Development water off-site disposal to a hazardous waste landfill 3 CY 100$          300$                                  

- Development water (drums 3
4.6 Soil off-site disposal to a hazardous waste landfill 17 CY 160$          2,683$                               

- Soil cuttings (CY) = 17
4.7 Injection hoses & wellhead assemblies and installation 223 ea 750$          167,250$                           
4.8 Well survey 1 LS 5,000$       5,000$                               

Subtotal 609,633$                           
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ISCO Only - Capital Costs

5. Oxidant cost
5.1 Permanganate cost 243788 LS 2.25$         548,522$                           

- Total target area (SF) 19,700
- Total interval/depth (ft) 15
- Target soil volume (CY) 10944
- SOD = 5 g/Kg 5
- Permanganate (lb) 162525
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 27,426$     27,426$                             
Subtotal 575,948$                           

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 99 days 4,500$       445,500$                           

- A total of 3 injections. 0.5 pore volume of solution during each injection event
- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 40 well screens
- Total Injection days = 33 days per event & 3 events

6.2 Water & other materials 829000 LS 0.050$       41,450$                             
6.3 Crew+Equip Mobe/Demobe 3 LS 18,000$     54,000$                             
6.4 Completion Report 1 LS 18,000$     18,000$                             

Subtotal 558,950$                           

TOTAL CAPITAL COST: 1,983,331$                        

1,983,331$           
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
Injection Network for ISCO Only - Capital Cost Backup

Area Surface Area Well Depth (ft) ROI # Wells
3 19,700 22.5 7.5 111.5

19,700 112
two depth intervals 223

total saturated thickness 15
influence volume per well 2477 gal

injection rate 0.5 gpm

pore volume injected 0.5 3 dosing events
Injection volume/well 1239 gal

injection duration 41 hrs
6 days
7 hr/day injection

Total volume injected every event = 276293 gal

No of wells - simultaneous injection 40
total injection duration 33 days
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ISSM Only - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study

1.1 Treatability/bench-scale study/column Test 1 LS 30,000$        30,000$                 
- Treatability testing for choosing ZVI+substrate & dosing

1.2 Technical interpretation 1 LS 10,000$        10,000$                 
Subtotal 40,000$                 

2. System design & implementation workplan
2.1 Design calcuations including dosing rates, hydraulic calculations 1 LS 18,000$        18,000$                 
2.2 Process design, batching and piping for ZVI/substrate mixing 1 LS 10,000$        10,000$                 
2.3 Design Report including soil erosion plan 1 LS 35,000$        35,000$                 
2.5 Implementation Plan 1 LS 15,000$        15,000$                 

Subtotal 78,000$                 

3. Site preparation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 10,000$        10,000$                 
3.2 Site cleaning, extend roads, grading a level working platform 1 LS 15,000$        15,000$                 
3.3 Coordination with contractors/subcontractors 1 LS 2,500$          2,500$                   
3.4 Mobilize/demobilize 1 LS 15,000$        15,000$                 
3.5 Construction Survey 1 LS 5,000$          5,000$                   
3.6 Rerouting stream in Area B 1 LS 10,000$        10,000$                 

Subtotal 57,500$                 

4. Soil mixing 
4.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 18,241 CY 100$             1,824,074$            
- Treatment Area  SF 19,700
- total thickness ft 25
- Mobilization/demobilization 1 LS 100,000$      100,000$               
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$          5,000$                   

4.2 Iron including delivery (based upon the quote provided by ETI) 114 tons 1,155$          131,675$               
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

4.3 Chemical, water, electrical & other materials and equipment costs 1 LS 40,000$        40,000$                 
4.4 On-site soil and water management 1 LS 5,000$          5,000$                   

Subtotal 2,105,749$            

4. Monitoring Well Network Installation
4.1 Monitoring well installation 6 ea 2,400$          14,400$                 
4.2 On-site soil and water management 1 LS 5,000$          5,000$                   
4.3 Cuttings/development water sampling & characterization 4 LS 500$             2,000$                   
4.5 Development water off-site disposal to a hazardous waste landfill 6 drum 100$             600$                      
4.6 Soil off-site disposal to a hazardous waste landfill 1.5 CY 160$             237$                      
4.8 Well survey 1 LS 2,000$          2,000$                   

Subtotal 24,237$                 

5. Site Restoration 
5.1 Grade site and Hydroseed 1 LS 8,940$          8,940$                   

Seed- $0.20/SF
Grade the site $5,000

5.2 As-Builts/Completion Report 1 LS 18,000$        18,000$                 
Subtotal 26,940$                 

TOTAL CAPITAL COST: 2,332,427$            

2,332,427$   
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ERD Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 18,000$    18,000$                            
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$      6,000$                              
1.2.2 Injection/monitoring well installation 1 LS 8,400$      8,400$                              
1.2.3 Baseline sampling 1 LS 7,200$      7,200$                              
1.2.4 Mobe/demobe 6 LS 2,400$      14,400$                            
1.2.5 Field injection 1 LS 48,000$    48,000$                            
1.2.6 Post-injection performance monitoring 4 ea 7,200$      28,800$                            
1.2.7 Pilot test reporting 1 LS 12,000$    12,000$                            

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 142,800$                         

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 12,000$    12,000$                            
2.2 Process design including injection/monitoring well layout & piping design 1 LS 8,400$      8,400$                              
2.3 Batching & injection equipment design and RFP for equipment fabrication 1 LS 12,000$    12,000$                            
2.4 Design Report 1 LS 12,000$    12,000$                            
2.5 Implementation plan 1 LS 12,000$    12,000$                            

Subtotal 56,400$                           

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$      2,000$                              
3.2 Site cleaning/prep 1 LS 5,000$      5,000$                              

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 9,600$      9,600$                              
3.4 Building preparation 1 LS 15,000$    15,000$                            

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 4,800$      4,800$                              
3.6 Power supply hookups/upgrade 1 LS 6,000$      6,000$                              

Subtotal 42,400$                           

4. Injection & Monitoring Well Netwrok Installation
4.1 Injection well installation 28 ea 1,900$      53,200$                            

- Total target area = 13,970 SF
- Total depth = 25'
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 4 ea 1,900$      7,600$                              
- 4 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 5,000$      5,000$                              
4.4 Cuttings/development water sampling & characterization 6 LS 500$         3,000$                              
4.5 Development water off-site disposal to a hazardous waste landfill 4 Drum 100$         400$                                 

- Development water (drums 4
4.6 Soil off-site disposal to a hazardous waste landfill 8 CY 160$         1,266$                              

- Soil cuttings (CY) = 8
4.7 Wellhead assemblies installation 28 ea 500$         14,000$                            
4.8 Well survey 1 LS 2,500$      2,500$                              

Subtotal 86,966$                           
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ERD Portion of ERD/ISCO/ISSM Remedy - Capital Costs

5. Process equipment fabrication and installation
5.1 Batching & Injection equipment fabrication 1 LS 40,000$    40,000$                            

- Includes injection pumps, mixing tanks, mixers, pump controllers, controls, interlocks, 
distribution headers, piping and wiring

5.2 Freight 1 LS 7,200$      7,200$                              
5.3 On-site installation of process equipment 1 LS 12,000$    12,000$                            

- includes electrical & mechanical connections
Subtotal 59,200$                           

6. Trenching and piping
6.1 Trenching and below grade piping in Areas A (uncapped) & B 1 LS 23,875$    23,875$                            

- Trenching & backfilling - 1,400 LF @ $10/ft = $14,000
- 6" pipe = 500 LF @ $5/ft = $2,500
- 2" pipe = 400 LF @ $2/ft = $800
- 1" pipe = 500 LF @ $0.75/ft = $375
- Plumbing - 1,400 LF @ $3/ft = $4,200, Elbows, Tees, fittings and supports = $2,000

Subtotal 23,875$                           

7. System startup and shakedown
7.1 Two week event 2 ea 19,500$    39,000$                            

- Assuming 2 engineers & 1 senior engineer for each week
7.2 Chemical, water, electrical & other materials and equipment costs 1 LS 15,000$    15,000$                            
7.3 Completion report & as-builts 1 LS 18,000$    18,000$                            

Subtotal 72,000$                           

TOTAL CAPITAL COST: 483,641$                          

483,641$              
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ISCO Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
˜  1. Treatability/bench-scale study, and pilot/field-scale testing 

1.1 Treatability study 1 LS 12,000$     12,000$                             
- Treatability testing for choosing electron donor/substrate & dosing

1.2 Pilot/field-scale testing (including workplan & report)
1.2.1 Pilot test workplan 1 LS 6,000$       6,000$                               
1.2.2 Injection/monitoring well installation 1 LS 8,400$       8,400$                               
1.2.3 Baseline sampling 1 LS 7,200$       7,200$                               
1.2.4 Mobe/demobe 6 LS 2,400$       14,400$                             
1.2.5 Field injection 1 LS 54,000$     54,000$                             
1.2.6 Post-injection performance monitoring 2 ea 7,200$       14,400$                             
1.2.7 Pilot test reporting 1 LS 12,000$     12,000$                             

Assumptions:
- Installation of a total of up to 4 injection/monitoring wells
- One one-week long injection event and four performance monitoring events

Subtotal 128,400$                           

2. System design & implementation workplan
2.1 Design calculations including dosage rates, concentrations, duration 1 LS 6,000$       6,000$                               
2.2 Process design including injection/monitoring well layout & piping design 1 LS 3,600$       3,600$                               
2.3 Batching & injection equipment design and Specification for equipment fabrication 1 LS 6,000$       6,000$                               
2.4 Design Report (combined report with ERD/ISCO design) 1 LS 6,000$       6,000$                               
2.5 Implementation plan (combined plan with ERD/ISCO application) 1 LS 6,000$       6,000$                               

Subtotal 27,600$                             

3. Site preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 2,000$       2,000$                               
3.2 Site cleaning/prep 1 LS 1,000$       1,000$                               

- including clearing of wooded area that would be actively remediated
3.3 Coordination with contractors/subcontractors 1 LS 3,600$       3,600$                               
3.4 Building preparation 1 LS 2,000$       2,000$                               

- Use of existing onsite building that was used for AS/SVE system
3.5 Mobilize/demobilize equipment 1 LS 3,600$       3,600$                               
3.6 Power supply hookups/upgrade 1 LS 1,200$       1,200$                               

Subtotal 13,400$                             

4. Injection & Monitoring Well Netwrok and Injection Wellhead Installation
4.1 Injection well installation 34 ea 1,900$       64,600$                             

- Total target area = 1,926 SF
- Total depth = 25'
- 2 wells with different screen intervals at each location to influence entire saturated thickness
- Well spacing = 25', radius of influence = 12.5'

4.2 Monitoring well installation 3 ea 1,500$       4,500$                               
- 3 new monitoring wells for performance monitoring

4.3 On-site soil and water management 1 LS 2,000$       2,000$                               
4.4 Cuttings/development water sampling & characterization 6 LS 500$          3,000$                               
4.5 Development water off-site disposal to a hazardous waste landfill 3 CY 100$          300$                                  

- Development water (drums) = 3
4.6 Soil off-site disposal to a hazardous waste landfill 9 CY 160$          1,464$                               

- Soil cuttings (CY) = 9
4.7 Injection hoses & wellhead assemblies and installation including flow meters 34 ea 750$          25,500$                             
4.8 Well survey 1 LS 1,000$       1,000$                               

Subtotal 102,364$                           
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ISCO Portion of ERD/ISCO/ISSM Remedy - Capital Costs

5. Oxidant cost
5.1 Permanganate cost 36568 LS 2.25$         82,278$                             

- Total target area (SF) 2,955
- Total interval/depth (ft) 15
- Target soil volume (CY) 1642
- SOD = 5 g/Kg 5
- Permanganate (lb) 24379
- Safety factor 1.5

5.2 Shipping (5%) 1 LS 4,114$       4,114$                               
Subtotal 86,392$                             

6. Operation: Oxidant injection 
6.1 Oxidant Injection 3 doses (Including Labor, Materials & Equipment) 24 days 4,500$       108,000$                           

- A total of 3 injections. 0.5 pore volume of solution during each injection event
- Injection cost = $4,500/day for Crew+Equip
- Injection Rate = 0.5 gpm per well screen
- Injection Locations/ day = 20 well screens
- Total Injection days = 8 days per event & 3 events

6.2 Water & other materials 126000 LS 0.050$       6,300$                               
6.3 Crew+Equip Mobe/Demobe 3 LS 10,000$     30,000$                             
6.4 Completion Report 1 LS 18,000$     18,000$                             

Subtotal 162,300$                           

TOTAL CAPITAL COST: 520,456$                           

520,456$              
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
ISSM Portion of ERD/ISCO/ISSM Remedy - Capital Costs

Component Quantity Units $/Unit Cost
1. Treatability/bench-scale study

1.1 Treatability/bench-scale study/column Test 1 LS 30,000$        30,000$                 
- Treatability testing for choosing ZVI+substrate & dosing

1.2 Technical interpretation 1 LS 10,000$        10,000$                 
Subtotal 40,000$                 

2. System design & implementation workplan
2.1 Design calcuations including dosing rates, hydraulic calculations 1 LS 18,000$        18,000$                 
2.2 Process design, batching and piping for ZVI/substrate mixing 1 LS 10,000$        10,000$                 
2.3 Design Report including soil erosion plan 1 LS 35,000$        35,000$                 
2.5 Implementation Plan 1 LS 15,000$        15,000$                 

Subtotal 78,000$                 

3. Site preparation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 10,000$        10,000$                 
3.2 Site cleaning, extend roads, grading a level working platform 1 LS 15,000$        15,000$                 
3.3 Coordination with contractors/subcontractors 1 LS 2,500$          2,500$                   
3.4 Mobilize/demobilize 1 LS 15,000$        15,000$                 
3.5 Construction Survey 1 LS 5,000$          5,000$                   
3.6 Rerouting stream in Area B 1 LS 10,000$        10,000$                 

Subtotal 57,500$                 

4. Soil mixing 
4.1 Soil Mixing construction 

- Large Diameter Auger construction method
- Mixing Volume 2,736 CY 100$             273,611$               
- Treatment Area  SF 2,955
- total thickness ft 25
- Mobilization/demobilization 1 LS 100,000$      100,000$               
- Production rate of 40 to 80 Tons/Hour
Foam Unit 1 LS 5,000$          5,000$                   

4.2 Iron including delivery (based upon the quote provided by ETI) 17 tons 1,155$          19,751$                 
- Granular iron amount =  0.5% of soil weight 
- Granular iron cost = $1,155/ton

4.3 Chemical, water, electrical & other materials and equipment costs 1 LS 10,000$        10,000$                 
4.4 On-site soil and water management 1 LS 5,000$          5,000$                   

Subtotal 413,362$               

4. Monitoring Well Network Installation
4.1 Monitoring well installation 2 ea 2,400$          4,800$                   
4.2 On-site soil and water management 1 LS 5,000$          5,000$                   
4.3 Cuttings/development water sampling & characterization 4 LS 500$             2,000$                   
4.5 Development water off-site disposal to a hazardous waste landfill 6 drum 100$             600$                      
4.6 Soil off-site disposal to a hazardous waste landfill 0.5 CY 160$             79$                        
4.8 Well survey 1 LS 2,000$          2,000$                   

Subtotal 14,479$                 

5. Site Restoration 
5.1 Grade site and Hydroseed 1 LS 5,591$          5,591$                   

Seed- $0.20/SF
Grade the site $5,000

5.2 As-Builts/Completion Report 1 LS 15,000$        15,000$                 
Subtotal 20,591$                 

TOTAL CAPITAL COST: 623,933$               

623,933$      
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Cost Estimate Alternative 4
Areas A and B Containment, and MNA in Area C (Optimization: Area B In-Situ Remedy)

Optimization Remedy
Injection Network for Combination (ISCO/ERD/ISSM) Option - Capital Cost Backup
ISSM Area for Combination (ISCO/ERD/ISSM) Option - Capital Cost Backup

ERD in 70% of the target area

Area Surface Area Well Depth (ft) ROI # Wells
3 13,790 25 12.5 28.1

13,790 28

ISCO in 15% of the target area

Area Surface Area Well Depth (ft) ROI # Wells
3 2,955 22.5 7.5 16.7

2,955 17
two depth intervals 34

total saturated thickness 15
influence volume per well 2477 gal

injection rate 0.5 gpm

pore volume injected 0.5 3 dosing events
Injection volume/well 1239 gal

injection duration 41 hrs
6 days
7 hr/day injection

Total volume injected every event = 42112 gal

No of wells - simultaneous injection 25
total injection duration 8.0 days
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Appendix C-5
Alternative 5 - Area A Containment, B Excavation, and MNA in Area C

Cost Summary Sheet

CAPITAL COSTS

Institutional Controls -$                                    

Pre-Design Investigation 84,450$                          

Predictive Modeling 35,000$                          

PRB Design, Installation, and Startup
Treatability/Bench Scale and Field Pilot Test 29,000$                          

System Design and Implementation Work Plan 41,000$                          
Site Preparation, Mob and DeMob 9,500$                            

PRB Construction 547,916$                        
Operation Startup 25,500$                          

Subtotal 652,916$                        

Soil Excavation and Backfill
Design and Implementation Plan 49,500$                          

Site Preparation, Mob and DeMob 78,000$                          
Soil Excavation 5,655,204$                     

Dewatering and Groundwater Treatment 418,400$                        
Backfilling and Restoration 259,185$                        

Subtotal 6,460,289$                     

SUBTOTAL CAPITAL COSTS 7,232,700$                     

Contingency (25%) 1,808,200$                     

SUBTOTAL CAPITAL COSTS 9,040,900$                     

Project Management (5%) 452,000$                        
Remedial Design (8%) 723,300$                        
Construction Management (6%) 542,500$                        
Subtotal PM, RD and CM Costs 1,717,800$                     

TOTAL ESTIMATED CAPITAL COSTS 10,758,700$                   

O&M COSTS

PRB Maintenance
Media Cleaning ($20,000 per event @ Year 12.5, 37.5, 62.5 and 87.5) 10,600$                          

Media Change-Out ($547,916 per event @ Year 25, 50 and 75) 146,600$                        
Subtotal 157,200$                        

PRB Monitoring 286,800$                        
Annual Cost 20,100$                          

Assumed Number of Years 100

MNA and Long-Term Monitoring $1,069,400
Assumed Number of Years 22

Maintenance of Institutional Controls 27,700$                          
Annual Cost 2,500$                            

Assumed Number of Years 22

5-Year Reviews 75,900$                          
Unit Cost 35,000$                          

Assumed Number of Reviews 5

TOTAL ESTIMATED O&M COSTS 1,617,000$                     

TOTAL ESTIMATED CAPITAL COSTS 10,758,700$                   
TOTAL ESTIMATED O&M COSTS 1,617,000$                     

TOTAL ESTIMATED REMEDIATION COSTS 12,375,700$                   

Notes:
- Operations and maintenance (O&M) costs are calculated as Net Present Value (NPV)
- NPV calculations include a discount rate of 7 percent before tax and without inflation
- Barrier system would continue to operate after the site cleanup goals have been achieved 
   downgradient of the Compliance Boundary.

Focused Feasibility Study Report, July 2011
Burgess Brothers Superfund Site, Bennington and Woodford, Vermont
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Cost Estimate Alternative 5
Area A Containment, Area B Excavation, and MNA in Area C

Pre-Design Investigation Costs

Component Quantity Units $/Unit Cost
Pre-design investigation

1.1 Pre-design subsurface investigation workplan 1 LS 12,000$     12,000$                             
1.2 Pre-design subsurface investigation

1.2.1 Soil sampling 0.75 ea 4,800$       3,600$                               
1.2.2 Temporary well installation for groundwater sampling 2.25 ea 4,800$       10,800$                             
1.2.3 Groundwater sampling from existing monitoring wells 3 ea 2,400$       7,200$                               
1.2.4 Monitoring well installation 12 ea 1,900$       22,800$                             
1.2.5 VOC Analytical costs 38 ea 100$          3,800$                               
1.2.6 MNA and physical parameter analytical costs 25 ea 250$          6,250$                               

Assumptions:
- Soil and groundwater sampling using Geoprobe
- Up to 4 soil sampling locations
- Up to 6 temporary well installation for groundwater sampling
- Up to 12 new monitoring well installation
- Up to 9 existing monitoring well sampling
- 0.75 days of direct push drilling for soil sampling
- 2.25 days of direct push drilling for groundwater sampling/temp well installation
- 3 days of groundwater sampling from existing wells
- Analytical parameters include soil and groundwater VOCs, MNA parameters,
  soil physical and groundwater geochemical parameters.
- Collection of soil and groundwater samples for bench/treatability testing

1.3 Pre-design investigation report 1 LS 18,000$     18,000$                             
Subtotal 84,450$                             

TOTAL CAPITAL COST: 84,450$                             

84,450$                
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Cost Estimate Alternative 5
Area A Containment, Area B Excavation, and MNA in Area C

PRB Barrier System near the Compliance Boundary

Quantity Units $/Unit Cost
 1. Treatability/bench-scale study

1.1 Treatability/bench-scale study (based upon the quote provided by ETI) 1 LS 24,000$      24,000$                          
- Cost to test one type of iron in a single column test.

1.2 Technical interpretation 1 LS 6,000$        5,000$                            
Subtotal 29,000$                          

2. System design & implementation workplan
2.1 ZVI PRB system design 1 LS 18,000$      18,000$                          
2.2 ETI design asistance  (based upon the quote provided by ETI) 1 LS 6,000$        6,000$                            
2.3 Hydraulic analysis/calculations 1 LS 3,000$        5,000$                            
2.4 Workplan 1 LS 12,000$      12,000$                          

Subtotal 41,000$                          

3. Site Preperation/mobilization/demobilization/coordination
3.1 Permitting 1 LS 1,000$        1,000$                            
3.2 Site cleaning & extend roads 1 LS 2,500$        2,500$                            
3.3 Coordination with contractors/subcontractors 1 LS 3,000$        3,000$                            
3.4 Mobilize/demobilize equipment 1 LS 1,800$        1,800$                            
3.5 Construction Survey 1 LS 1,200$        1,200$                            

Subtotal 9,500$                            

4. ZVI PRB construction
4.1 PRB construction (excavation & backfilling, including mobilization/demobilization ) 1 LS 195,067$    195,067$                        

- Trenching 2.5' wide x 25' deep x 200' long
- Biopolymer Slurry construction method
- Includes Mobilization/demobilization
- Trenching area = 25' x 200' 5000 SF
- Trenching cost included

4.2 Iron including delivery (based upon the quote provided by ETI) 225 tons 1,155$        259,875$                        
- 20% v/v iron in an iron sand mix in a 2.5' wide trench
- Iron flow through thickness = 0.5'
- Granular iron amount (tons)*1.5 safety factor 225
- Granular iron volume (CF) 2000
- Granular iron cost = $1,155/ton

4.4 On-site soil and water management 1 LS 5,000$        5,000$                            
4.5 Soil stockpile sampling & characterization 1 LS 2,500$        2,500$                            
4.6 Soil off-site disposal (assumed haz-waste Land Fill) CF CY 463 CY 160$           74,074$                          

- Soil volume = 2.5' x 25' x 200' 12500 463
4.7 Monitoring well/piezometer installation 6 ea 1,900$        11,400$                          

- Well installation cost = $1,900/well (including drilling & oversight)
Subtotal 547,916$                        

5. Operation start-up 
5.1 Operation start-up & initial process monitoring 1 weeks 13,500$      13,500$                          

- Assuming 1E2 & 1SE for 1 week
- $6,000/E2/week and $7,500/E2/week(including labor & expenses)

5.2 As-Builts/Completion Report 1 LS 12,000$      12,000$                          
Subtotal 25,500$                          

TOTAL CAPITAL COST: 652,916$     
652,916$     

Component
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Cost Estimate Alternative 5
Area A Containment, Area B Excavation, and MNA in Area C

Monitoring Costs for PRB

Quantity Units $/Unit Cost
1. ZVI PRB performance monitoring

1.1 Subcontractor system performance monitoring visits 4 ea 3,600$       14,400$                
    - Performance monitoring visits: quarterly
1.2  Monitoring well/piezometer samples 32 ea 100$          3,200$                  
    - Monitoring well/piezometer samples = 8 samples per event
1.3 Reporting and coordination 1 LS 2,500$       2,500$                  

Subtotal 20,100$                

Annual O&M Cost: 20,100$  
20,100$  

Component
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Cost Estimate Alternative 5
Area A Containment, Area B Excavation, and MNA in Area C

Soil Excavation in Area B

Quantity Units $/Unit Cost
1. Soil excavation design & implementation workplan

1.1 Overall design including shoring, dewatering, soil removal, backfill 1 LS 25,000$      25,000$                        
1.2 Storm water and Unnamed stream construction mangement approach 1 LS 12,500$      12,500$                        
1.3 Workplan 1 LS 12,000$      12,000$                        

Subtotal 49,500$                        

2. Permitting/site preperation/mobilization/demobilization/coordination
2.1 Permitting (EPA - RAWP, QAPP: VtDEC) 1 LS 40,000$      40,000$                        
2.2 Site cleaning & extend roads 1 LS 5,000$        5,000$                          
2.3 Coordination with contractors/subcontractors 1 LS 5,000$        5,000$                          
2.4 Mobilize/demobilize equipment 1 LS 25,000$      25,000$                        
2.5 Construction Survey 1 LS 3,000$        3,000$                          

Subtotal 78,000$                        

3. Soil Excavation in Area B
3.1 Sheeting with gasketed joints, upgradient perimeter of excavate area (L=200'), key into lodgemont till 1 LS 18,000$      18,000$                        
3.2 Soil excavation

- Excavation area = 19,700 sf 
- Average depth - 26 ft (Includes 1 ft excavation into lodgemont till)
- Vadose zone soils (average 4 ft deep) removed, stockpiled and reinstalled
- Total depth of contaminated soil (ave) = 22 ft
- Volume of contaminated soils = 16,052 cy =  24,078 tons (1.5 ton/cy)
- Voume of vadose zone soils = 2,919 cy
Vadose zone soil removal and stockpiling 2,919 CY 10$             29,185$                        
Contaminated soil excavation 16,052 CY 10$             160,519$                      

3.2 Soil dewatering pads (concrete pads) 1 LS 20,000$      20,000$                        
3.3 Contaminated oil stockpile sampling & characterization 1 LS 10,000$      10,000$                        
3.4 Soil off-site haul and disposal (to haz-waste landfill) 24,078 Tons 225$           5,417,500$                   

Subtotal 5,655,204$                   

4.Dewatering and groundwater treatment
4.1 Extraction equipment purchase, including: 1 LS 5,400$        5,400$                          

-Well/sump pumps
-Pump controllers, pump probes and wiring

4.2 Unnamed Stream - temporary rerouting (sump and bypass pumping 1 LS 10,000$      10,000$                        
4.2 Groundwater treatment: Frac tank storage and offsite disposal at WWTP 

- Groundwater volume = 480,000 gallons (assumed porosity 0.3, specific yield 0.2, V = excavate area)
- Infiltration = 120,000 gallons (160' face of excavation; 1.5 gpm)
- Inflow = 150,000 gallons
Frac tank rental (16 weeks) (assumed value) 1 LS 18,000$      18,000$                        
WWTP haul and disposal 750000 Gallon 0.50$          375,000$                      

4.3 Water sampling and analysis 1 LS 10,000$      10,000$                        
Subtotal 418,400$                      

5. Backfill of Excavation Area
5.1 Re-install Vadose Zone Soils 2,919 CY 5$              14,593$                        
5.2 Common Fill - furnish and install 12,874 CY 15$             193,111$                      
5.3 Loam (6" depth) - furnsih and install 259 CY 25$             6,481$                          
5.4 Seeding 1 LS 10,000$      10,000$                        
5.4 Erosion control 1 LS 5,000$        5,000$                          
5.2 As-Builts/Completion Report 1 LS 30,000$      30,000$                        

Subtotal 259,185$                      

TOTAL CAPITAL COST: 6,460,289$ 
6,460,289$ 

Component
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Cost Estimate Alternative 5
Area A Containment, Area B Excavation, and MNA in Area C

MNA and Long-Term Monitoring Costs

Quantity Units $/Unit Cost

1. MNA Monitoring Plan for Years 1 and 2
1.1  Mobe/demobe 4 ea 3,600$       14,400$                     
1.2  Monitoring visits: quarterly 4 ea 14,400$     57,600$                     
1.3  Sampling equipment and materials 4 ea 2,400$       9,600$                       
1.4  Monitoring well/piezometer samples (a total of 30 wells) 152 ea 250$          38,000$                     
     - Monitoring well/piezometer samples = 38 samples per event
1.5  Data compilation, evaluation, tech memo 4 ea 24,000$     96,000$                     

Subtotal 215,600$                   

Annual Monitoring Cost: 215,600$  
215,600$  

2. MNA Monitoring Plan for Years 3, 4 and 5
2.1  Mobe/demobe 2 ea 2,400$       4,800$                       
2.2  Monitoring visits: semi-annual 2 ea 10,800$     21,600$                     
2.3  Sampling equipment and materials 2 ea 1,800$       3,600$                       
2.4  Monitoring well/piezometer samples (a total of 22 wells) 56 ea 250$          14,000$                     
     - Monitoring well/piezometer samples = 28 samples per event
2.5  Data compilation, evaluation, tech memo 2 ea 18,000$     36,000$                     

Subtotal 80,000$                     

Annual Monitoring Cost: 80,000$    
80,000$    

3. Long-Term Monitoring to Closure
3.1  Mobe/demobe 2 ea 2,400$       4,800$                       
3.2  Monitoring visits: semi-annual 2 ea 9,600$       19,200$                     
3.3  Sampling equipment and materials 2 ea 1,200$       2,400$                       
3.4  Monitoring well/piezometer samples (a total of 22 wells) 28 ea 100$          2,800$                       
     - Monitoring well/piezometer samples = 28 samples per event 28 ea 250$          7,000$                       
3.5  Data compilation, evaluation, tech memo 2 ea 14,400$     28,800$                     

Subtotal 65,000$                     

Annual Monitoring Cost: 65,000$    
65,000$    

Component
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Cost Estimate Alternative 5
Area A Containment, Area B Excavation, and MNA in Area C

MNA and Long-Term Monitoring Costs

Cost Estimate for the Potential Monitoring Plan

Year Monitoring Component Annual Cost NPV
1 MNA monitoring $215,600 $201,500
2 MNA monitoring $215,600 $188,300
2 2-year report $50,000 $43,700
3 MNA monitoring $80,000 $65,300
4 MNA monitoring $80,000 $61,000
5 MNA monitoring $80,000 $57,000
6 Long-term monitoring $65,000 $43,300
7 Long-term monitoring $65,000 $40,500
8 Long-term monitoring $65,000 $37,800
9 Long-term monitoring $65,000 $35,400
10 Long-term monitoring $65,000 $33,000
11 Long-term monitoring $65,000 $30,900
12 Long-term monitoring $65,000 $28,900
13 Long-term monitoring $65,000 $27,000
14 Long-term monitoring $65,000 $25,200
15 Long-term monitoring $65,000 $23,600
16 Long-term monitoring $65,000 $22,000
17 Long-term monitoring $65,000 $20,600
18 Long-term monitoring $65,000 $19,200
19 Long-term monitoring $65,000 $18,000
20 Long-term monitoring $65,000 $16,800
21 Long-term monitoring $65,000 $15,700
22 Long-term monitoring $65,000 $14,700

TOTAL NPV =  $1,069,400
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TECHNICAL SUMMARY 
BIOCHLOR MODELING APPROACH AND RESULTS 

 

1.0 TOPIC  EVALUATION OF NATURAL ATTENUATION CAPACITY OF THE PLUME 

USING BIOCHLOR 
2.0 OBJECTIVES 
There are two primary objectives of this evaluation: 

 

1. Estimate the current half-lives of volatile organic compounds (VOCs) in the plume, 

and 

2. Estimate the extents of areas requiring active remediation in Alternatives 2 and 3 

based on the capacity of natural attenuation to reduce groundwater VOC 

concentrations to acceptable criteria in a reasonable timeframe.   

 

3.0  SIGNIFICANCE 
An evaluation of the natural attenuation capacity of the site for the VOC plume was performed 

using a screening model, BIOCHLOR1.  BIOCHLOR was also used to estimate the extents of 

target areas for active remediation.  Target areas for active remediation were estimated based on 

the capacity of natural attenuation to reduce groundwater VOC concentrations to acceptable 

criteria in a reasonable timeframe.  The results of the evaluation were used as a basis for 

developing active remediation criteria (i.e., potential areas and the remedial action objectives for 

active remediation) for this Focused Feasibility Study (FFS). 

 

BIOCHLOR is a screening model developed by the USEPA that simulates remediation by 

natural attenuation of dissolved chlorinated VOCs.  BIOCHLOR can be used to simulate solute 

transport without decay, and solute transport with biodegradation modeled as a sequential first-

order process within one or two different reaction zones.  BIOCHLOR is used here to evaluate 

                                                 
1 Aziz, C.E., C.J. Newell, and J.R. Gonzales.  2003. BIOCHLOR Natural Attenuation Decision Support 
System Version 2.2 User’s Manual Addendum. 
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and compare remedial alternatives that incorporate monitored natural attenuation (MNA) as a 

remedial approach for chlorinated ethenes in groundwater. 

 

4.0 APPROACH  
The BIOCHLOR model was first calibrated using existing site data to estimate the current half-

lives of VOCs in the plume.  Subsequently, BIOCHLOR simulations were run to estimate target 

VOC concentrations in Areas A and B that can be reduced to Interim Cleanup Levels (ICLs) 

over various travel distances from points in Areas A and B to downgradient points using the 

Biochlor-estimated VOC half-lives.  The general locations of Areas A, B and the Downgradient 

Plume Area are shown in Figure D-1.  To develop the conceptual approach for active 

remediation in Alternatives 2 and 3, areas with VOC concentrations above the BIOCHLOR-

estimated target concentrations were selected for active remediation, and the remaining area 

exceeding ICLs would be addressed by monitored natural attenuation (MNA). 

 

A detailed discussion of the BIOCHLOR calculations, including model input parameters, 

estimated attenuation rates, estimated target concentrations for active remediation, and model 

runs is provided in the following sections of this technical summary.  

 

4.1 Model Input Parameters and Assumptions 

Table D-1 summarizes the BIOCHLOR model input parameters.  The BIOCHLOR analyses 

focus on natural attenuation of the VOCs PCE, TCE, cis 1,2-DCE, and vinyl chloride.  As shown 

in Table D-1, site-specific and estimated parameters were used as model inputs.  Literature 

values of the soil organic carbon-water partitioning coefficient (Koc) were used for each VOC.   

 

Information regarding the groundwater flow direction in Areas A and B and in the Downgradient 

Plume Area was used to set up the BIOCHLOR conceptual model and to select representative 

groundwater quality data for model calibration.  Groundwater flow lines (see Figure D-1) were 

derived from groundwater elevation data to show the general paths of groundwater flow in Areas 

A and B and in the Downgradient Plume Area.  Natural attenuation capacity is evaluated along 

two groundwater flow lines, numbered 1 and 2 in Figure D-1: 
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1. Groundwater Flow Line 1 runs along the plume length from the Landfill Area, through 

Area B to the Downgradient Plume Area; and 

2. Groundwater Flow Line 2 runs from the Landfill Area, through Area B to the toe-of-

slope swale, representing a short path length in which the natural attenuation capacity is 

limited.  

 

BIOCHLOR, along with its predecessor BIOSCREEN2, are built around the Domenico 

mathematical solution for solute transport in a three-dimensional porous medium.  BIOCHLOR 

and BIOSCREEN utilize the Domenico analytical solution to simulate solute fate and transport 

without decay or with sequential first-order decay in one or two reaction zones.  The Domenico 

analytical solution is approximate, and recent literature3,4 has indicated that the Domenico 

solution incorporated into the BIOCHLOR and BIOSCREEN models may introduce a 

substantial error (up to 80%) in simulated contaminant concentrations.  The potential error is 

associated with the application of dispersion values used for the model.  The magnitude of 

relative error is a function of the simulation parameters used, and is therefore site-specific. 

 

A revised BIOSCREEN model (BIOSCREEN AT5) has been developed which supplements the 

Domenico solution with an exact analytical solution for the same conceptual groundwater flow 

model.  To evaluate the potential error in BIOCHLOR simulations, transport of VOCs were 

evaluated using both BIOCHLOR and BIOSCREEN AT using the same advection, dispersion, 

and adsorption parameters listed in Table 1 for the target VOCs.     

 

The results of the BIOCHLOR – BIOSCREEN AT comparison runs are provided in Figures D-2 

through D-5 for PCE, TCE, cis 1,2-DCE, and vinyl chloride, respectively.  November 2010 VOC 
                                                 
2 Newell, C.J., R.K. McLeod, and J.R. Gonzales.  1997.  BIOSCREEN Natural Attenuation Decision Support 
System, Version 1.4.  Ada, Oklahoma: U.S. EPA, Office of Research and Development, National Risk Management 
Research Laboratory. 
3 M.R. West, Kueper, B.H., Ungs, M.J., On the use and error approximation of the Domenico (1987) Solution.  
Ground Water, Volume 45, Number.  2, March-April 2007.  pp. 126-135. 
4 V. Srinivasan, Clement, T.P., Lee., K.K.  Domenico Solution – Is it valid?.  Ground Water, Volume 45, Number 2, 
March-April 2007 , pp. 136-146. 
5 M. Karanovic, Neville, C.J. Andrews, C.B., BIOSCREEN-AT: BIOSCREEN with an Exact Analytical Solution, 
Ground Water, Volume 45, Number 2, March-April 2007, pp. 242-245.  Free download at 
http://www.sspa.com/Software/bioscreen.shtml 
 

http://www.ingentaconnect.com/content/bsc/gwat;jsessionid=249ir82s8tn6.victoria�
http://www.ingentaconnect.com/content/bsc/gwat;jsessionid=249ir82s8tn6.victoria�
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concentrations at monitoring well W-04T were used to simulate the source.  Each figure also 

shows the percent over(+) or under(-) prediction by BIOCHLOR, compared to the exact solution 

in BIOSCREEN AT.  The comparisons show that using the site-specific transport conditions in 

Table 1, BIOCHLOR introduces a maximum under-prediction error of approximately 15% 

within 700 feet downgradient of W-04T, which is beyond the current extent of the plume.  This 

is acceptable given the purpose and objectives of these simulations.  Therefore, the BIOCHLOR 

model is used here as a screening model to evaluate and compare remedial alternatives, and 

develop approximate timeframes for natural attenuation for comparison under various scenarios. 

 

4.2 Model Calibration and Estimated VOC Half-Lives 
As discussed in Section 5.0 of the FFS, the BIOCHLOR model was calibrated using the existing 

site data to estimate the current half-lives of VOCs in the plume.  The November 2010 

groundwater quality data are the most complete and current data available for deriving VOC 

natural attenuation rates.  The next most recent and complete set of groundwater analytical data 

(May 2010) are used for comparison to the calibrated model (i.e., model verification). 

 

The BIOCHLOR model assumes steady state conditions; however, there is insufficient data to 

conclude that steady state conditions have been achieved at the site since landfill capping and 

realignment of surface water channels were completed in 1999.  Thus, it is recognized that the 

natural attenuation parameters derived using BIOCHLOR may not accurately represent future 

conditions, and use of these parameters is therefore limited to evaluating and comparing 

alternatives in this FFS.  Future groundwater monitoring up to and during remedial design will 

be used to refine the analysis of natural attenuation parameters at the site.   

 

The November 2010 groundwater quality data from wells screened in the Kame Sand and 

Ablation Till along Groundwater Flow Lines 1 and 2 were used for model calibration.  The 

groundwater VOC concentration data used for model calibration are summarized in Table D-2.  

VOC concentrations in Areas A and B are significantly higher than in the Downgradient Plume 

Area, and VOC decay rates appear lower in Area A and a portion of Area B than in the 

Downgradient Plume Area.  VOC decay indicated by the groundwater data may involve several 

process, including biodegradation, dispersion, volatilization, sorption, and evapotranspiration.   
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Although there is adequate to strong evidence of reductive dechlorination in Areas A and B,  the 

lower apparent decay rates in these areas may be influenced by proximity to the Landfill Area 

where residual VOCs may be present.  Conversely, higher decay rates are evident in the 

Downgradient plume Area even though evidence of reductive dehalogenation is limited.  The 

higher apparent decay rates indicate that abiotic decay processes predominate in the 

downgradient area.  

 

The plume was therefore simulated as two separate biotransformation zones (Zones 1 and 2) 

along Groundwater Flow Line 1 to estimate VOC half-lives within each zone of the plume.  

Zone 1 is represented by monitoring wells W-04T, P-09, and P-10 in Areas A and B; Zone 2 is 

represented by monitoring wells W-09TD, P-01, P-02, P-08, and P-22 in the Downgradient 

Plume Area. 

 

The half-lives of VOCs were estimated in BIOCHLOR by adjusting half-life values until the 

concentration distribution predicted in BIOCHLOR resembled actual VOC distribution 

(November 2010 data).  BIOCHLOR input and output results for calibration along Groundwater 

Flow Lines 1 and 2 are provided in Attachment A.  The calibrated models correlate well to the 

November 2010 analytical results, or slightly over-predict VOC concentrations along Flow Lines 

1 and 2.  The estimated VOC half-lives are summarized in Table D-3, along with a comparison 

to literature VOC half-life values.   

 

As shown in Table D-3, the estimated half-lives for PCE, TCE, and cis 1,2-DCE in Zone 1 

(Areas A and B) are relatively high compared to the Downgradient Plume Area, and to the 

typical range for natural attenuation.  The estimated vinyl chloride half-life in Zone 1 is within 

the typical range.  The BIOCHLOR model assumes dissolved phase concentrations at the source 

and does not account for contaminant mass present as an adsorbed or residual phase.  If 

adsorbed/residual phase VOCs are present in Zone 1 (i.e., Areas A and B), then the estimated 

half-lives of VOCs in Zone 1 are apparent half-lives, and likely under-represent the amount of 

biodegradation occurring in this area. 
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The estimated half-lives for PCE, TCE, and cis 1,2-DCE in Zone 2 (Downgradient Plume Area) 

are at or below the low end of the typical range for natural attenuation, but comparable to the 

mean values for sites with significant electron donor (Table D-3).  The estimated vinyl chloride 

half-life in Zone 2 is low compared to the literature natural attenuation rates, mainly because 

there are very few detections of vinyl chloride in the Downgradient Plume Area.  

 

To evaluate the calibrated model with respect to the overall plume, the calibrated BIOCHLOR 

model is compared to the complete set of November 2010 groundwater analytical results along 

Groundwater Flow Line 1, which includes Kame Sand wells W-04D and W-09S1.  BIOCHLOR 

input and output results for the comparison runs are provided in Attachment B.  The Flow line 1 

model generally over-predicts concentrations at the Kame Sand well locations, but appears to 

simulate the overall plume reasonably well.   

 

4.3 Model Verification 
The calibrated BIOCHLOR models were verified using the estimated half-lives from the 

November 2010 data, and source concentration data from May 2010 to compare model output to 

the May 2010 groundwater VOC data along Groundwater Flow Lines 1 and 2.  BIOCHLOR 

input and output results for the verification runs are provided in Attachment C.  The model 

slightly under predicts PCE and TCE concentrations at P-01 on Flow Line 1, but over-predicts 

PCE and TCE concentrations at most of the other wells.  The model simulates the May 2010 data 

reasonably well. 

 
4.4   Estimated Target Concentrations for Active Remediation (Alternatives 2 and 
3) 
The calibrated BIOCHLOR models were used to estimate the target areas for active remediation.  

BIOCHLOR simulations were run to estimate target VOC concentrations at various points in 

Areas A and B that can be reduced to ICLs within the current limits of the VOC plume 

(Groundwater Flow Line 1), or the nearest surface water discharge point (Groundwater Flow 

Line 2) using the estimated VOC half-lives in each area.  The model simulation results are 

provided in Attachment D.  Four simulations were run to estimate the extents of areas for active 

remediation: 
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 Simulation 1A estimates the target VOC concentrations in Area A that can be reduced to 

ICLs before reaching P-08, which defines the downgradient limit of the VOC plume along 

Groundwater Flow Line 1.  The starting point for Simulation 1A is the Compliance 

Boundary, which is at the downgradient edge of Area A.   

 

 Simulation 1B estimates the target VOC concentrations at three different starting points 

in Area B that can be reduced to ICLs before reaching P-08, which defines the 

downgradient limit of the VOC plume along Groundwater Flow Line 1.  Simulations 

were run using the following three starting points: 

 

o Simulation 1B-1 starting point is the W-09 well cluster 

o Simulation 1B-2 starting point is P-10 

o Simulation 1B-3 starting point is P-09  

 

 Simulation 2A estimates the target VOC concentrations in Area A that can be reduced to 

ICLs within the travel distance from W-32 (Area A) to the toe of slope swale along 

Groundwater Flow Line 2. 

 

 Simulation 2B estimates the target VOC concentrations in Area B that can be reduced to 

ICLs within the travel distance from the Compliance Boundary (Area B) to the toe of 

slope swale along Groundwater Flow Line 2. 

 

For Simulations 1A and 1B along Groundwater Flow Line 1, two separate biotransformation 

zones are assumed6, using the estimated VOC half-lives for Zones 1 and 2 to simulate portions of 

the plume in Areas A and B after active remediation in Alternatives 2 and 3.  This assumption is 

conservative because following active remediation and containment (i.e., reduction in residual 

VOCs and no VOCs migrating beyond the landfill boundary), conditions in Zone 1 (Areas A and 

                                                 
6 Simulation 1B-1 is a single-zone simulation using Zone 2 half-lives because the starting point (W-09 well cluster) 
is within Zone 2. 
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B) are more likely to be represented by the estimated VOC half-lives derived for Zone 2 (the 

Downgradient Plume Area).   

 

The area along Groundwater Flow Line 2 will undergo active remediation in Alternatives 2 and 

3, so Simulations 2A and 2B were run as a single biotransformation zone using the estimated 

VOC half-lives for Groundwater Flow Line 2.   

 

The estimated target VOC concentrations in Areas A and B for active remediation are 

summarized in Table D-4.  The data show that PCE and TCE are the limiting constituents for 

delineating areas for active remediation, because these are the parent constituents and have 

slower decay rates.  Target concentrations for cis 1,2-DCE, and vinyl chloride are not intended to 

be used for delineating active remediation areas because these VOCs have higher decay rates and 

actual groundwater concentrations are less than the target concentrations.  This procedure of 

estimating the target areas for active remediation represents a remedial design approach, not a 

method for evaluating remedial performance.  Remedial performance would be evaluated using 

monitoring data collected during remediation.  To develop the conceptual approach for active 

remediation in Alternatives 2 and 3, areas with PCE or TCE concentrations above the 

BIOCHLOR-estimated target concentrations were selected for active remediation and the 

remaining area exceeding ICLs is addressed by MNA.  The assumed limits of active remediation 

for evaluating Alternatives 2 and 3 are defined by the lowest VOC concentrations for each 

simulation, as follows: 

 

 Along and west of Groundwater Flow Line 1: 

o In Area A, the assumed limits of active remediation are the 4,500 µg/L PCE and 

5,000 µg/L TCE contours.   

o In Area B, the November 2010 VOC concentrations at P-09 and P-10 are above 

the target VOC concentrations at these locations, so the active remediation area 

extends toward the W-09 cluster.  The area of active remediation in Area B along 

Groundwater Flow Line 1 is defined by the 4,500 µg/L PCE and 5,000 µg/L TCE 

contours at the Compliance Boundary, extending to the 900 µg/L PCE and 1,000 

µg/L TCE contour lines at the downgradient limit for active remediation.   
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 Along Groundwater Flow Line 2, and other flow lines intercepting the toe-of-slope swale, 

the assumed limits of active remediation are the 20 µg/L PCE contour in Area A, and the 

10 µg/L PCE and TCE contour lines in Area B.  These low target concentrations are 

driven by the short path length to the tow-of-slope swale, which limits the capacity for 

natural attenuation. 
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TABLE D-1    Summary of BIOCHLOR Model Input Parameters  
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Input Parameter Units Value Source 
Advection 

Effective Porosity 
Hydraulic Gradient 
Hydraulic Conductivity 
 
 
Seepage Velocity 
 

- 
ft/ft 

cm/sec 
 
 

ft/yr 

0.25 
0.05 

2x10e-04 
 
 

41.4 

Estimated based on soil types  
Estimated using groundwater elevation data 
Estimated based on the calibrated MODFLOW model for the site 
(represents Kame Sand and Ablation Till) 
 
Calculated based upon the above parameters 

Dispersion 
Alpha x 
Alpha y / Alpha x 
Alpha z / Alpha x 
    
Where, 
   Alpha x = Longitudinal Dispersivity 
   Alpha y = Transverse Dispersivity 
   Alpha z = Vertical Dispersivity 
 

ft 
- 
- 

60 
0.1 
0.05 

Calculated based upon the guidelines provided on page 9 of the 
BIOCHLOR User’s Manual1. 
 

Adsorption 
Soil Bulk Density 
Soil Organic Carbon Fraction 
 
 
Soil Organic Carbon-Water Partitioning 
Coefficients: 
                      PCE 
                      TCE 
                      DCE 
                        VC 
 
 

kg/L 
- 
 
 
 
 

L/kg 
L/kg 
L/kg 
L/kg 

 

1.6 
0.002 

 
 
 
 

265 
94 
37 
19 

 
 

Estimated based on soil types  
Estimated based on the available soil TOC data from the source 
area (represents Ablation Till) 
 
 
 
 
Literature values from EPA Region 9 Superfund, Preliminary 
Remediation Goals & EPA Soil Screening Guidance (measured) 
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TABLE D-1    Summary of BIOCHLOR Model Input Parameters  
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Model General Inputs & Source Area Information 

Simulation Time 
Source Thickness in Saturated Zone 
Source Width 
 

yr 
ft 
ft 

100 
25 
120 

Assuming steady state conditions 

 
 
  Notes: 

1 Aziz, C.E., C.J. Newell, J.R. Gonzales, P. Hass, T.P. Clement, and Y. Sun. 2000. BIOCHLOR Natural Attenuation Decision Support 
System Version 1.0 User’s Manual. EPA/600/R-00/008. 
cm/sec = centimeters per second  
ft/yr = feet per year 
kg/L = kilograms per liter 
L/kg = liters per kilogram 
TOC = total organic carbon 
PCE = tetrachloroethene 

  TCE = trichloroethene 
    DCE = 1,2-dichloroethene (total) 
    VC = vinyl chloride 
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TABLE D-2    Summary of Groundwater Quality Data Used for BIOCHLOR Model Calibration  
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 Groundwater Concentrations1 (mg/L) Along Groundwater Flow Line 1 

Compound W-32T W-04T P-09 P-10 W-09TD P-01 P-02 P-08 P-22 
PCE 11 14 8.4 6.0 0.85 0.14 0.008 0.0007 0.0006* 
TCE 1.5 4.1 4.4 4.7 0.80 0.15 0.007 0.0005 0.0007 
DCE 3.0 4.8 4.0 1.7 0.53 0.022 0.004 0.001* 0.0006 
VC 0.38 1.0 0.37 0.09 0.05 0.001* 0.001* 0.001* 0.001* 

Distance 
Downgradient 

(ft) 

60 ft. 
upgradient 0 80 140 220 360 425 520 520 

 
 Groundwater Concentrations1 (mg/L) 

Along Groundwater Flow Line 2 

Compound W-32T W-04T W-06D 
PCE 11 14 2.0 
TCE 1.5 4.1 0.73 
DCE 3.0 4.8 0.80 
VC 0.38 1.0 0.063 

Distance 
Downgradient 

(ft) 
0 70 120 

 
Notes: 

1 November 2010 groundwater quality data from wells along Groundwater Flow Line 1 
See Figure D-1 for explanation of Groundwater Flow Line 1. 

* Non-detects and values < 0.001 mg/L were assigned a value of 0.001 mg/L for model for calibration. 
PCE = Tetrachloroethene 
TCE = Trichloroethene 
DCE = 1,2-Dichloroethene (total) 
VC = Vinyl chloride 
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TABLE D-3   Estimated Half-Lives of Site VOCs and Comparison with Literature Values 
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Compound 
Estimated Half-Life  

(years) 
Literature Half-Life Values  

(years) 

 Groundwater Flow Line 1 Groundwater 
Flow Line 2 Typical Range1 

Sites with 
Significant 

Electron Donor2  

(Mean Values) 

Sites with 
Enhanced 

Biodegradation 
Rates  Zone 1 Zone 2 

PCE 4 0.63 1.75 0.58 – 9.9 0.5 0.06 (3) 

TCE 10 0.42 0.65 0.77 – 13.9 0.46 0.22 (4) 

DCE 3.95 0.14 1.00 0.21 – 3.9 0.2 0.03 (4) 

VC 0.65 0.01 0.80 0.27 – 5.8 0.19 0.02 (3) 

 
 

Notes: 
VOCs = volatile organic compounds 
PCE = tetrachloroethene 
TCE = trichloroethene 
DCE = 1,2-dichloroethene (total) 
VC = vinyl chloride 
Zone 1 = Area A, and Area B extending to a point approximately half way between P-10 and the W-09 well cluster 
Zone 2 = Downgradient of a point approximately half way between P-10 and the W-09 well cluster 
See Figure D-1 for a depiction of Areas A and B, Biochlor Zones 1 and 2, and Flow Lines 1 and 2. 
 
1 Aziz, C.E., C.J. Newell, J.R. Gonzales, P. Hass, T.P. Clement, and Y. Sun. 2000. BIOCHLOR Natural Attenuation Decision Support 
System Version 1.0 User’s Manual. EPA/600/R-00/008. 
2 Aziz, C.E., C.J. Newell, and J.R. Gonzales. 2003. BIOCHLOR Natural Attenuation Decision Support System Version 2.2 User’s 
Manual Addendum. 
3 Aronson D. and  Howard P.H. 1997. Anaerobic Biodegradation of Organic Chemicals in Groundwater: A Summary of Field and 
Laboratory Studies. Prepared for the American Petroleum Institute, SRC TR-97-0223F. 
4 Aziz, C.E., A.P. Smith, C.J. Newell, and J.R. Gonzales. 2000. BIOCHLOR Chlorinated Solvent Plume Database Report. 
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TABLE D-4    Summary of BIOCHLOR Simulation Results  
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Estimated Target VOC Concentrations for Active Remediation1 (µg/L) 

 
Remedial 

Areas Groundwater Flow Line 1 Groundwater Flow Line 2 

Area A 

Simulation 1A:  
 

 PCE = 4,500 
 TCE = 5,000 
 DCE = > 20,000* 
 VC = > 20,000* 

 
 

Simulation 2A:  
 

 PCE = 20  
 TCE = 40  
 DCE = 20  
 VC = 2  

 
 

Area B 

Simulation 1B:  
 
 P-09 P-10 W-09 
PCE 3,400 2,200 900 
TCE 4,400 2,600 1,000 
DCE >20,000* >20,000* >20,000* 
VC >20,000* >20,000* >20,000* 

 
 

Simulation 2B:  
 

 PCE = 10  
 TCE = 10  
 DCE = 10  
 VC = 2  

 
 

 
 

Notes: 
VOC = volatile organic compound 
PCE = tetrachloroethene 
TCE = trichloroethene 
DCE = 1,2-dichloroethene (total) 
VC = vinyl chloride 
 

1 Estimated target VOC concentrations in Areas A and B that can be reduced to Interim Cleanup Levels (ICLs) within the travel 
distance from points in Areas A and B to the following downgradient points using the Biochlor-estimated VOC half-lives: 

Groundwater Flow Line 1: P-08 (downgradient extent of plume), and 
Groundwater Flow Line 2: nearest surface water discharge point 

(See Figure D-1 for depiction of remedial focus areas (Areas A and B, and Downgradient Plume Area) and Groundwater Flow 
Lines 1 and 2. 
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TABLE D-4    Summary of BIOCHLOR Simulation Results  
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Notes (continued): 
 
* The data show that PCE and TCE are the limiting constituents for delineating areas for active remediation, because these are 
the parent constituents and have slower decay rates.  Target concentrations for cis 1,2-DCE, and vinyl chloride are not intended to 
be used for delineating active remediation areas because these VOCs have higher decay rates and actual groundwater 
concentrations are less than the target concentrations.  This procedure for estimating the target areas for active remediation 
represents a remedial design approach, not a method for evaluating remedial performance.  Remedial performance would be 
evaluated using monitoring data collected during remediation. 
 
 
Simulation 1A: Target VOC concentrations in Area A that can be reduced to ICLs within the travel distance from W-04 (highest 

VOC concentration in Area A) to P-08 along Groundwater Flow Line 1 using the Biochlor-estimated VOC half-lives. 

 
Simulation 1B: Target VOC concentrations at various points in Area B (P-09, P-10, and W-09 well cluster) that can be reduced 

to ICLs within the travel distance from the Compliance Boundary (Area B) to P-08 along Groundwater Flow Line 1 using the 

Biochlor-estimated VOC half-lives. 

 
Simulation 2A: Target VOC concentrations in Area A that can be reduced to ICLs within the travel distance from W-32 (Area 

A) to swale stream along Groundwater Flow Line 2 using the Biochlor-estimated VOC half-lives. 

 
Simulation 2B: Target VOC concentrations in Area B that can be reduced to ICLs within the travel distance from the 

Compliance Boundary (Area B) to swale stream along Groundwater Flow Line 2 using the Biochlor-estimated VOC half-lives. 
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Figure D-2.  Screening Model Comparison - PCE
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Figure D-3.  Screening Model Comparison - TCE
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Figure D-4.  Screening Model Comparison - cis 1,2-DCE
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Figure D-5.  Screening Model Comparison - Vinyl Chloride
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ATTACHMENT A 

 
BIOCHLOR MODEL CALIBRATION RESULTS 

  
(MODEL CALIBRATION USING NOVEMBER 2010 ABLATION TILL DATA) 
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GROUNDWATER FLOW LINE 1 CALIBRATION 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 11-10 W04 cal 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 190 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 810 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 14.0 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 4.1 0 View of Plume Looking Down
Partition Coefficient Koc DCE 4.8 0

PCE 265 (L/kg) 4.39 (-) VC 1.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) 14.0 8.4 6.0 .85 .14 .008 .001 .001
Common R (used in model)* = 1.47 TCE Conc. (mg/L) 4.1 4.4 4.7 .8 .15 .007 .001 .001

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) 4.8 4.0 1.7 .53 .022 .001 .003 .001
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) 1.0 .37 .09 .05 .001 .001 .001 .001

PCE          TCE 0.173 4.00 0.79 ETH Conc. (mg/L)
TCE          DCE 0.069 10.00 0.74 Distance from Source (ft) 0 80 140 220 360 425 520 520
DCE           VC 0.175 3.95 0.64 Date  Data Collected 2010
VC           ETH 1.066 0.65 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1


HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

Natural Attenuation
Screening Protocol

RUN ARRAY

C

RESET

Source Options

SEE OUTPUT

Calc.
Alpha x



DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 14.000 12.568 10.118 8.283 6.964 5.991 3.729 2.700 2.115 1.737 1.474
Biotransformation 14.0000 11.018 7.775 5.580 4.112 3.101 0.140 0.009 0.001 0.000 0.000

Monitoring Well Locations (ft)
0 80 140 220 360 425 520 520

Field Data from Site 14.000 8.400 6.000 0.850 0.140 0.008 0.001 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 4.100 3.681 2.963 2.426 2.040 1.755 1.092 0.791 0.619 0.509 0.432
Biotransformation 4.1000 4.584 4.266 3.858 3.475 3.134 0.183 0.013 0.001 0.000 0.000

Monitoring Well Locations (ft)
0 80 140 220 360 425 520 520

Field Data from Site 4.100 4.400 4.700 0.800 0.150 0.007 0.001 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 4.800 4.309 3.469 2.840 2.388 2.054 1.279 0.926 0.725 0.596 0.505
Biotransformation 4.8000 3.955 2.952 2.262 1.794 1.467 0.056 0.004 0.000 0.000 0.000

Monitoring Well Locations (ft)
0 80 140 220 360 425 520 520

Field Data from Site 4.800 4.000 1.700 0.530 0.022 0.001 0.003 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 1.000 0.898 0.723 0.592 0.497 0.428 0.266 0.193 0.151 0.124 0.105
Biotransformation 1.0000 0.696 0.456 0.316 0.233 0.181 0.003 0.000 0.000 0.000 0.000

Monitoring Well Locations (ft)
0 80 140 220 360 425 520 520

Field Data from Site 1.000 0.370 0.090 0.050 0.001 0.001 0.001 0.001

Zone 1<---|---> Zone 2
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Appendix D 
Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

GROUNDWATER FLOW LINE 2 CALIBRATION 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Line 2 Calibr. 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 320 (ft) Test if

or Zone 1  Length* 320 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 20.0 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 1.6 0 View of Plume Looking Down
Partition Coefficient Koc DCE 2.3 0

PCE 265 (L/kg) 4.39 (-) VC 1.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) 20.0 13.0 4.2
Common R (used in model)* = 1.47 TCE Conc. (mg/L) 1.6 1.8 1.2

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) 2.3 3.0 1.4
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) 0.0 .92 .15

PCE          TCE 0.396 1.75 0.79 ETH Conc. (mg/L)
TCE          DCE 1.066 0.65 0.74 Distance from Source (ft) 0 70 120 130
DCE           VC 0.693 1.00 0.64 Date  Data Collected 2010
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 20.000 18.535 15.474 12.966 11.068 9.622 8.496 7.599 6.870 6.267 5.759
Biotransformation 20.0000 14.912 10.016 6.752 4.637 3.243 2.304 1.658 1.206 0.885 0.654

Monitoring Well Locations (ft)
0 70 120 130

Field Data from Site 20.000 13.000 4.200
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 1.600 1.483 1.238 1.037 0.885 0.770 0.680 0.608 0.550 0.501 0.461
Biotransformation 1.6000 2.389 2.243 1.854 1.459 1.124 0.857 0.650 0.492 0.372 0.282

Monitoring Well Locations (ft)
0 70 120 130

Field Data from Site 1.600 1.800 1.200
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 2.300 2.132 1.780 1.491 1.273 1.107 0.977 0.874 0.790 0.721 0.662
Biotransformation 2.3000 2.307 2.071 1.800 1.533 1.284 1.062 0.870 0.706 0.569 0.456

Monitoring Well Locations (ft)
0 70 120 130

Field Data from Site 2.300 3.000 1.400

0.001

0.010

0.100

1.000

10.000

C
on

ce
nt

ra
tio

n 
(m

g/
L)

No Degradation/Production Sequential 1st Order Decay Field Data from Site

See PCE

See TCE

See DCE

See VC

See ETH

Time:
100.0 Years

0.001

0.010

0.100

1.000

10.000

0 50 100 150 200 250 300 350

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Distance From Source (ft.)

No Degradation/Production Sequential 1st Order Decay Field Data from Site

Log             Linear 

Return to 
Input

See PCE

See TCE

See DCE

To All To ArrayPrepare Animation

See VC

See ETH



DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 32 64 96 128 160 192 224 256 288 320

No Degradation 1.000 0.927 0.774 0.648 0.553 0.481 0.425 0.380 0.344 0.313 0.288
Biotransformation 1.0000 1.023 0.925 0.819 0.720 0.628 0.543 0.465 0.394 0.331 0.276

Monitoring Well Locations (ft)
0 70 120 130

Field Data from Site 0.000 0.920 0.150
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Appendix D 
Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

 
ATTACHMENT B 

 
BIOCHLOR MODEL CALIBRATION COMPARISON RESULTS 

 

(MODEL CALIBRATION COMPARISON WITH NOVEMBER 2010  
KAME SAND AND ABLATION TILL DATA) 

 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 11-10 W04 all cal 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 190 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 810 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 14.0 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 4.1 0 View of Plume Looking Down
Partition Coefficient Koc DCE 4.8 0

PCE 265 (L/kg) 4.39 (-) VC 1.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) 7.0 14.0 8.4 6.0 .067 .85 .14 .008 .001 .001
Common R (used in model)* = 1.47 TCE Conc. (mg/L) 1.7 4.1 4.4 4.7 .045 .8 .15 .007 .001 .001

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) 2.2 4.8 4.0 1.7 .012 .53 .022 .001 .003 .001
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .42 1.0 .37 .09 .001 .05 .001 .001 .001 .001

PCE          TCE 0.173 4.00 0.79 ETH Conc. (mg/L)
TCE          DCE 0.069 10.00 0.74 Distance from Source (ft) 0 0 80 140 220 220 355 425 520 520
DCE           VC 0.175 3.95 0.64 Date  Data Collected 2010
VC           ETH 1.066 0.65 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 14.000 12.568 10.118 8.283 6.964 5.991 3.729 2.700 2.115 1.737 1.474
Biotransformation 14.0000 11.018 7.775 5.580 4.112 3.101 0.140 0.009 0.001 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 7.000 14.000 8.400 6.000 0.067 0.850 0.140 0.008 0.001 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 4.100 3.681 2.963 2.426 2.040 1.755 1.092 0.791 0.619 0.509 0.432
Biotransformation 4.1000 4.584 4.266 3.858 3.475 3.134 0.183 0.013 0.001 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 1.700 4.100 4.400 4.700 0.045 0.800 0.150 0.007 0.001 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 4.800 4.309 3.469 2.840 2.388 2.054 1.279 0.926 0.725 0.596 0.505
Biotransformation 4.8000 3.955 2.952 2.262 1.794 1.467 0.056 0.004 0.000 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 2.200 4.800 4.000 1.700 0.012 0.530 0.022 0.001 0.003 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 1.000 0.898 0.723 0.592 0.497 0.428 0.266 0.193 0.151 0.124 0.105
Biotransformation 1.0000 0.696 0.456 0.316 0.233 0.181 0.003 0.000 0.000 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 0.420 1.000 0.370 0.090 0.001 0.050 0.001 0.001 0.001 0.001

Zone 1<---|---> Zone 2
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BIOCHLOR MODEL VERIFICATION RESULTS 
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Appendix D 
Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

GROUNDWATER FLOW LINE 1 VERIFICATION 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 5-10 w04 verif 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 190 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 810 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 14.0 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 4.3 0 View of Plume Looking Down
Partition Coefficient Koc DCE 4.9 0

PCE 265 (L/kg) 4.39 (-) VC 1.3 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) 13.0 14.0 13.0 2.1 .19 .5 .23 .001 .001 .001
Common R (used in model)* = 1.47 TCE Conc. (mg/L) 1.8 4.3 5.3 2.1 .13 .41 .24 .001 .001 .001

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) 2.9 4.9 6.9 1.1 .03 .23 .028 .001 .001 .001
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .92 1.3 1.6 .028 .001 .001 .001 .001 .001 .001

PCE          TCE 0.173 4.00 0.79 ETH Conc. (mg/L)
TCE          DCE 0.069 10.00 0.74 Distance from Source (ft) 0 0 80 140 220 220 355 425 520 520
DCE           VC 0.175 3.95 0.64 Date  Data Collected 11 2010
VC           ETH 1.066 0.65 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 14.000 12.568 10.118 8.283 6.964 5.991 3.729 2.700 2.115 1.737 1.474
Biotransformation 14.0000 11.018 7.775 5.580 4.112 3.101 0.140 0.009 0.001 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 13.000 14.000 13.000 2.100 0.190 0.500 0.230 0.001 0.001 0.001

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 4.300 3.860 3.108 2.544 2.139 1.840 1.145 0.829 0.650 0.534 0.453
Biotransformation 4.3000 4.754 4.395 3.958 3.554 3.198 0.185 0.013 0.001 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 1.800 4.300 5.300 2.100 0.130 0.410 0.240 0.001 0.001 0.001
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 4.900 4.399 3.541 2.899 2.437 2.097 1.305 0.945 0.740 0.608 0.516
Biotransformation 4.9000 4.040 3.016 2.311 1.834 1.499 0.057 0.004 0.000 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 2.900 4.900 6.900 1.100 0.030 0.230 0.028 0.001 0.001 0.001
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 38 76 114 152 190 352 514 676 838 1000

No Degradation 1.300 1.167 0.940 0.769 0.647 0.556 0.346 0.251 0.196 0.161 0.137
Biotransformation 1.3000 0.858 0.535 0.356 0.255 0.193 0.003 0.000 0.000 0.000 0.000

Monitoring Well Locations (ft)
0 0 80 140 220 220 355 425 520 520

Field Data from Site 0.920 1.300 1.600 0.028 0.001 0.001 0.001 0.001 0.001 0.001
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GROUNDWATER FLOW LINE 2 VERIFICATION 

 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Line 2 verif 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 320 (ft) Test if

or Zone 1  Length* 320 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 8.7 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE .96 0 View of Plume Looking Down
Partition Coefficient Koc DCE 2.7 0

PCE 265 (L/kg) 4.39 (-) VC .5 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) 8.7 7.0 2.0
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .96 1.7 .73

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) 2.7 2.2 .8
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) 0.0 .42 .063

PCE          TCE 0.396 1.75 0.79 ETH Conc. (mg/L)
TCE          DCE 1.066 0.65 0.74 Distance from Source (ft) 0 70 120
DCE           VC 0.693 1.00 0.64 Date  Data Collected 2008
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 8.700 8.063 6.731 5.640 4.814 4.185 3.696 3.306 2.989 2.726 2.505
Biotransformation 8.7000 6.487 4.357 2.937 2.017 1.411 1.002 0.721 0.525 0.385 0.285

Monitoring Well Locations (ft)
0 70 120

Field Data from Site 8.700 7.000 2.000
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.960 0.890 0.743 0.622 0.531 0.462 0.408 0.365 0.330 0.301 0.276
Biotransformation 0.9600 1.196 1.059 0.851 0.659 0.503 0.380 0.287 0.217 0.163 0.123

Monitoring Well Locations (ft)
0 70 120

Field Data from Site 0.960 1.700 0.730
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 2.700 2.502 2.089 1.750 1.494 1.299 1.147 1.026 0.927 0.846 0.778
Biotransformation 2.7000 2.176 1.626 1.231 0.948 0.738 0.578 0.454 0.357 0.280 0.220

Monitoring Well Locations (ft)
0 70 120

Field Data from Site 2.700 2.200 0.800
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.500 0.463 0.387 0.324 0.277 0.241 0.212 0.190 0.172 0.157 0.144
Biotransformation 0.5000 0.655 0.626 0.548 0.465 0.388 0.322 0.265 0.217 0.177 0.144

Monitoring Well Locations (ft)
0 70 120

Field Data from Site 0.010 0.420 0.063
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Technical Summary - BIOCHLOR Modeling Approach and Results 
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BIOCHLOR SIMULATION 1A 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Sim 1A 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 1010 (ft) Test if

or Zone 1  Length* 190 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 820 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 4.5 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 5.0 0 View of Plume Looking Down
Partition Coefficient Koc DCE 20.0 0

PCE 265 (L/kg) 4.39 (-) VC 20.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) .005
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .005

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) .07
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .002

PCE          TCE 0.173 4.00 0.79 ETH Conc. (mg/L)
TCE          DCE 0.069 10.00 0.74 Distance from Source (ft) 520
DCE           VC 0.175 3.95 0.64 Date  Data Collected 2010
VC           ETH 1.066 0.65 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations
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or
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 38 76 114 152 190 354 518 682 846 1010

No Degradation 4.500 4.040 3.252 2.662 2.238 1.926 1.193 0.862 0.674 0.554 0.469
Biotransformation 4.5000 3.541 2.499 1.793 1.322 0.997 0.043 0.003 0.000 0.000 0.000

Monitoring Well Locations (ft)
520

Field Data from Site 0.005
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 38 76 114 152 190 354 518 682 846 1010

No Degradation 5.000 4.489 3.613 2.958 2.487 2.140 1.326 0.958 0.749 0.615 0.522
Biotransformation 5.0000 4.592 3.740 3.069 2.568 2.185 0.082 0.005 0.000 0.000 0.000

Monitoring Well Locations (ft)
520

Field Data from Site 0.005

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 38 76 114 152 190 354 518 682 846 1010

No Degradation 20.000 17.955 14.454 11.833 9.949 8.559 5.302 3.831 2.997 2.460 2.086
Biotransformation 20.0000 15.884 11.329 8.229 6.149 4.708 0.031 0.001 0.000 0.000 0.000

Monitoring Well Locations (ft)
520
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 38 76 114 152 190 354 518 682 846 1010

No Degradation 20.000 17.955 14.454 11.833 9.949 8.559 5.302 3.831 2.997 2.460 2.086
Biotransformation 20.0000 11.213 5.778 3.124 1.801 1.108 0.001 0.000 0.000 0.000 0.000
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BIOCHLOR SIMULATION 1B-1 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Sim 1B-1 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 500 (ft) Test if

or Zone 1  Length* 500 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE .9 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 1.0 0 View of Plume Looking Down
Partition Coefficient Koc DCE 20.0 0

PCE 265 (L/kg) 4.39 (-) VC 20.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) .005 .005 .005
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .005 .005 .005

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) .07 .07 .07
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .002 .002 .002

PCE          TCE 1.100 0.63 0.79 ETH Conc. (mg/L)
TCE          DCE 1.650 0.42 0.74 Distance from Source (ft) 300 380 440
DCE           VC 4.950 0.14 0.64 Date  Data Collected 2010
VC           ETH 69.300 0.01 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 50 100 150 200 250 300 350 400 450 500

No Degradation 0.900 0.755 0.571 0.452 0.371 0.315 0.273 0.241 0.215 0.195 0.178
Biotransformation 0.9000 0.369 0.137 0.053 0.021 0.009 0.004 0.002 0.001 0.000 0.000

Monitoring Well Locations (ft)
300 380 440

Field Data from Site 0.005 0.005 0.005
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 50 100 150 200 250 300 350 400 450 500

No Degradation 1.000 0.839 0.635 0.502 0.413 0.350 0.303 0.268 0.239 0.216 0.198
Biotransformation 1.0000 0.446 0.175 0.071 0.030 0.013 0.005 0.002 0.001 0.000 0.000

Monitoring Well Locations (ft)
300 380 440
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 50 100 150 200 250 300 350 400 450 500

No Degradation 20.000 16.778 12.698 10.034 8.253 6.996 6.067 5.352 4.788 4.330 3.952
Biotransformation 20.0000 2.722 0.360 0.060 0.014 0.005 0.002 0.001 0.000 0.000 0.000

Monitoring Well Locations (ft)
300 380 440

Field Data from Site 0.070 0.070 0.070
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 50 100 150 200 250 300 350 400 450 500

No Degradation 20.000 16.778 12.698 10.034 8.253 6.996 6.067 5.352 4.788 4.330 3.952
Biotransformation 20.0000 0.140 0.018 0.003 0.001 0.000 0.000 0.000 0.000 0.000 0.000
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Appendix D 
Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

 
BIOCHLOR SIMULATION 1B-2 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Sim 1B-2 115      1.  Enter value directly....or
Excel 2000 Run Name      2 .  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 600 (ft) Test if

or Zone 1  Length* 40 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 560 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 2.2 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 2.6 0 View of Plume Looking Down
Partition Coefficient Koc DCE 20.0 0

PCE 265 (L/kg) 4.39 (-) VC 20.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) .005
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .005

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) .07
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .002

PCE          TCE 0.173 4.00 0.79 ETH Conc. (mg/L)
TCE          DCE 0.069 10.00 0.74 Distance from Source (ft) 380
DCE           VC 0.175 3.95 0.64 Date  Data Collected 2010
VC           ETH 1.066 0.65 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 8 16 24 32 40 152 264 376 488 600

No Degradation 2.200 2.199 2.176 2.117 2.039 1.953 1.094 0.738 0.555 0.444 0.370
Biotransformation 2.2000 2.139 2.059 1.948 1.825 1.701 0.180 0.024 0.004 0.001 0.000

Monitoring Well Locations (ft)
380
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 8 16 24 32 40 152 264 376 488 600

No Degradation 2.600 2.599 2.572 2.502 2.410 2.309 1.293 0.872 0.656 0.525 0.437
Biotransformation 2.6000 2.612 2.595 2.534 2.448 2.352 0.263 0.036 0.005 0.001 0.000

Monitoring Well Locations (ft)
380

Field Data from Site 0.005

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 8 16 24 32 40 152 264 376 488 600

No Degradation 20.000 19.994 19.785 19.248 18.535 17.758 9.949 6.709 5.043 4.036 3.363
Biotransformation 20.0000 19.463 18.748 17.756 16.645 15.526 0.204 0.012 0.002 0.000 0.000

Monitoring Well Locations (ft)
380

Field Data from Site 0.070

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 8 16 24 32 40 152 264 376 488 600

No Degradation 20.000 19.994 19.785 19.248 18.535 17.758 9.949 6.709 5.043 4.036 3.363
Biotransformation 20.0000 18.075 16.184 14.259 12.447 10.821 0.010 0.001 0.000 0.000 0.000
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380
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Appendix D 
Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

 
BIOCHLOR SIMULATION 1B-3 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Sim 1B-3 115      1.  Enter value directly....or
Excel 2000 Run Name      2 .  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 660 (ft) Test if

or Zone 1  Length* 100 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 560 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE 3.4 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE 4.4 0 View of Plume Looking Down
Partition Coefficient Koc DCE 20.0 0

PCE 265 (L/kg) 4.39 (-) VC 20.0 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) .005
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .005

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) .07
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .002

PCE          TCE 0.173 4.00 0.79 ETH Conc. (mg/L)
TCE          DCE 0.069 10.00 0.74 Distance from Source (ft) 440
DCE           VC 0.175 3.95 0.64 Date  Data Collected 2010
VC           ETH 1.066 0.65 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 20 40 60 80 100 212 324 436 548 660

No Degradation 3.400 3.323 3.019 2.692 2.403 2.159 1.345 0.969 0.756 0.620 0.525
Biotransformation 3.4000 3.101 2.628 2.187 1.821 1.526 0.165 0.022 0.003 0.001 0.000

Monitoring Well Locations (ft)
440
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 20 40 60 80 100 212 324 436 548 660

No Degradation 4.400 4.301 3.907 3.484 3.110 2.794 1.741 1.254 0.979 0.802 0.679
Biotransformation 4.4000 4.333 3.954 3.534 3.154 2.827 0.288 0.037 0.005 0.001 0.000

Monitoring Well Locations (ft)
440

Field Data from Site 0.005

Zone 1<---|---> Zone 2
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 20 40 60 80 100 212 324 436 548 660

No Degradation 20.000 19.548 17.758 15.836 14.135 12.698 7.913 5.702 4.449 3.646 3.087
Biotransformation 20.0000 18.311 15.586 13.028 10.904 9.187 0.162 0.013 0.002 0.000 0.000

Monitoring Well Locations (ft)
440

Field Data from Site 0.070
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0.001

0.010

0.100

1.000

10.000

100.000

C
on

ce
nt

ra
tio

n 
(m

g/
L)

No Degradation/Production Sequential 1st Order Decay Field Data from Site

See PCE

See TCE

See DCE

See VC

See ETH

Time:
100.0 Years

Zone 1<---|---> Zone 2

0.001

0.010

0.100

1.000

10.000

100.000

0 100 200 300 400 500 600 700

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Distance From Source (ft.)

No Degradation/Production Sequential 1st Order Decay Field Data from Site

Log             Linear 

Return to 
Input

See PCE

See TCE

See DCE

To All To Array

See VC

See ETH



DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 20 40 60 80 100 212 324 436 548 660

No Degradation 20.000 19.548 17.758 15.836 14.135 12.698 7.913 5.702 4.449 3.646 3.087
Biotransformation 20.0000 15.217 10.825 7.611 5.398 3.888 0.008 0.001 0.000 0.000 0.000
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Appendix D 
Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

BIOCHLOR SIMULATION 2A 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Line 2 Sim 2A 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 320 (ft) Test if

or Zone 1  Length* 320 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE .02 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE .04 0 View of Plume Looking Down
Partition Coefficient Koc DCE .02 0

PCE 265 (L/kg) 4.39 (-) VC .002 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) .005
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .005

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) .07
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .002

PCE          TCE 0.396 1.75 0.79 ETH Conc. (mg/L)
TCE          DCE 1.066 0.65 0.74 Distance from Source (ft) 130
DCE           VC 0.693 1.00 0.64 Date  Data Collected 2008
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.020 0.019 0.015 0.013 0.011 0.010 0.008 0.008 0.007 0.006 0.006
Biotransformation 0.0200 0.015 0.010 0.007 0.005 0.003 0.002 0.002 0.001 0.001 0.001
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.040 0.037 0.031 0.026 0.022 0.019 0.017 0.015 0.014 0.013 0.012
Biotransformation 0.0400 0.025 0.014 0.008 0.005 0.003 0.002 0.001 0.001 0.001 0.000
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.020 0.019 0.015 0.013 0.011 0.010 0.008 0.008 0.007 0.006 0.006
Biotransformation 0.0200 0.020 0.016 0.012 0.009 0.006 0.004 0.003 0.002 0.002 0.001
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Biotransformation 0.0020 0.004 0.005 0.005 0.004 0.003 0.003 0.002 0.002 0.001 0.001
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Attachments 

Technical Summary - BIOCHLOR Modeling Approach and Results 
 

Focused Feasibility Study Report, July 2011  Burgess Brothers Superfund Site 

BIOCHLOR SIMULATION 2B 
 



BIOCHLOR Natural Attenuation Decision Support System Burgess Brothers Data Input Instructions:
Version 2.2 Line 2 Sim 2B 115      1.  Enter value directly....or
Excel 2000 Run Name      2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    100 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 300 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 41.4 (ft/yr) Modeled Area Length* 320 (ft) Test if

or Zone 1  Length* 320 (ft) Biotransformation
Hydraulic Conductivity K 2.0E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.05 (ft/ft)
Effective Porosity  n 0.25 (-) 6.  SOURCE DATA TYPE: Continuous
2.  DISPERSION Single Planar
Alpha x* 60 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 25 (ft)
(Alpha z) / (Alpha x)* 5.E-02 (-) Y1
3.  ADSORPTION Width* (ft) 120
Retardation Factor* R ks*

or Conc. (mg/L)* C1 (1/yr)
Soil Bulk Density, rho 1.6 (kg/L) PCE .01 0
FractionOrganicCarbon, foc 2.0E-3 (-) TCE .01 0 View of Plume Looking Down
Partition Coefficient Koc DCE .01 0

PCE 265 (L/kg) 4.39 (-) VC .002 0 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 2.21 (-) ETH 0
DCE 37 (L/kg) 1.47 (-)  
VC 19 (L/kg) 1.24 (-) 7.  FIELD DATA FOR COMPARISON

ETH (L/kg) 1.00 (-) PCE Conc. (mg/L) .005
Common R (used in model)* = 1.47 TCE Conc. (mg/L) .005

4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L) .7
Zone 1  (1/yr) half-life (yrs) Yield VC Conc.   (mg/L) .002

PCE          TCE 0.396 1.75 0.79 ETH Conc. (mg/L)
TCE          DCE 1.066 0.65 0.74 Distance from Source (ft) 50
DCE           VC 0.693 1.00 0.64 Date  Data Collected 2008
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  (1/yr) half-life (yrs)  
PCE          TCE 1.100 0.63
TCE          DCE 1.650 0.42
DCE           VC 4.950 0.14
VC           ETH 69.300 0.01

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1


HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

Natural Attenuation
Screening Protocol

RUN ARRAY

C

RESET

Source Options

SEE OUTPUT

Calc.
Alpha x



DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
PCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.010 0.009 0.008 0.006 0.006 0.005 0.004 0.004 0.003 0.003 0.003
Biotransformation 0.0100 0.007 0.005 0.003 0.002 0.002 0.001 0.001 0.001 0.000 0.000
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
TCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.010 0.009 0.008 0.006 0.006 0.005 0.004 0.004 0.003 0.003 0.003
Biotransformation 0.0100 0.007 0.004 0.002 0.002 0.001 0.001 0.000 0.000 0.000 0.000
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
DCE 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.010 0.009 0.008 0.006 0.006 0.005 0.004 0.004 0.003 0.003 0.003
Biotransformation 0.0100 0.008 0.006 0.004 0.003 0.002 0.002 0.001 0.001 0.001 0.000
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DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)
VC 0 32 64 96 128 160 192 224 256 288 320

No Degradation 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Biotransformation 0.0020 0.003 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.000 0.000
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Area A
Flow Line 1 Compound

Initial 
Concentration

(ug/L)

Minimum 
Remedial Goal

(ug/L)

95% 
Concentration 

Reduction

Estimated ERD 
Time (months)

Final Concentration at 
Maximum ERD 

Treatment Time (ug/L)

Estimated MNA 
Time (months)

PCE 7100 4500 355 6 0 NA
W31-S1 TCE 370 370 18.5 23 1 NA

PCE ND 4500 NA NA NA NA
W31-T TCE 12000 5000 600 23 28 13

PCE 20000 4500 1000 6 0 NA
W32-S1 TCE 1600 1600 80 23 4 NA

PCE 17000 4500 850 6 0 NA
W32-T TCE 1700 1700 85 23 4 NA

Area A
Flow Line 2 Compound

Initial 
Concentration

(ug/L)

Minimum 
Remedial Goal

(ug/L)

95% 
Concentration 

Reduction

Estimated ERD 
Time (months)

Final Concentration at 
Maximum ERD 

Treatment Time (ug/L)

Estimated MNA 
Time (months)

PCE 7100 20 355 11 0 NA
W31-S1 TCE 370 40 18.5 23 1 NA

PCE ND 20 NA NA NA NA
W31-T TCE 12000 40 600 43 28 19

PCE 20000 20 1000 13 0 NA
W32-S1 TCE 1600 40 80 28 4 NA

PCE 17000 20 850 13 0 NA
W32-T TCE 1700 40 85 29 4 NA

Area B
Flow Line 1 Compound

Initial 
Concentration

(ug/L)

Remedial Goal 
(ug/L)

95% 
Concentration 

Reduction

Estimated ERD 
Time (months)

Final Concentration at 
Maximum ERD 

Treatment Time (ug/L)

Estimated MNA 
Time (months)

PCE 13000 3400 650 6 0 NA
P-09 TCE 5300 4400 265 23 12 7

PCE 6000 2200 300 6 0 NA
P-10 TCE 4700 2600 235 23 11 6

PCE 14000 4500 700 6 0 NA
W04-T TCE 4300 4300 215 23 10 5

PCE 13000 4500 650 6 0 NA
W04-D TCE 1800 1800 90 23 4 NA

Area B
Flow Line 2 Compound

Initial 
Concentration

(ug/L)

Remedial Goal 
(ug/L)

95% 
Concentration 

Reduction

Estimated ERD 
Time (months)

Final Concentration at 
Maximum ERD 

Treatment Time (ug/L)

Estimated MNA 
Time (months)

PCE 14000 10 700 14 0 NA
W04-T TCE 4300 10 215 46 10 8

PCE 13000 10 650 14 0 NA
W04-D TCE 1800 10 90 40 4 NA

Maximum Treatment Time for ERD (months) 46 and MNA 19

Areas A and B Remediation Timeframe (months) 66

Appendix E
ERD and MNA Cleanup Timeframe Estimation

Alternative 2 - Areas A and B Remedy and MNA in Area C

Areas A and B Cleanup Timeframe along Flow Lines 1 and 2

Page 1 of 2 Burgess Brothers Superfund Site
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Appendix E
ERD and MNA Cleanup Timeframe Estimation

Alternative 2 - Areas A and B Remedy and MNA in Area C

Areas A and B Cleanup Timeframe along Flow Lines 1 and 2
Notes:

50% Efficiency
Compound Half-Life (years) K (1/year) Factor Reference

PCE 0.056 12.40 6.20 (1)
TCE 0.22 3.15 1.58 (2)

cis-1,2-DCE 0.03 23.10 11.55 (2)
VC 0.023 30.81 15.40 (1)

Compound Half-Life (years) K (1/year)
PCE 0.63 1.10
TCE 0.42 1.65

cis-1,2-DCE 0.15 4.72
VC 0.01 69.31

Compound Half-Life (years) K (1/year)
PCE 1.75 0.40
TCE 0.65 1.07

cis-1,2-DCE 1.00 0.69
VC 0.80 0.87

Initial concentrations are November 2011 analytical results. 

(1)  Aronson D. and  Howard P.H. 1997. Anaerobic Biodegradation of Organic Chemicals in Groundwater: A Summary of Field and 
Laboratory Studies. Prepared for the American Petroleum Institute, SRC TR-97-0223F.

(2) Aziz, C.E., A.P. Smith, C.J. Newell, and J.R. Gonzales. 2000. BIOCHLOR Chlorinated Solvent Plume Database Report.

Maximum biodegradation rates cited in literature for natural atttenuation (below) are used with a 50% efficiency factor to simulate 
ERD biodegradation rates.

Minimum remedial goals are the lower of (a) initial concentrations, or (b) target concentrations for active remediation calculated in 
BIOCHLOR modeling (Appendix D).

ERD timeframe is estimated based on achieving the lesser of the minimum remedial goal or 95% concentration reduction.

MNA timeframe is estimated based on achieving ICLs using the BIOCHLOR-estimated degradation rates along Groundwater Flow 
Lines 1 and 2.

The following site-specific natural attenuation degradation rates calculated in BIOCHLOR modeling are used to estimate post-remediation MNA 
timeframes along Groundwater Flow Line 1 (see Appendix D).

The following site-specific natural attenuation degradation rates calculated in BIOCHLOR modeling are used to estimate post-remediation MNA 
timeframes along Groundwater Flow Line 2 (see Appendix D).

Page 2 of 2 Burgess Brothers Superfund Site
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Area B
Flow Line 1 Compound

Initial 
Concentration

(ug/L)

Remedial Goal 
(ug/L)

95% 
Concentration 

Reduction

Estimated ERD 
Time (months)

Final Concentration 
at Maximum 

Treatment Time 
(ug/L)

Estimated MNA 
Time (months)

PCE 13000 3400 650 6 0 NA
P-09 TCE 5300 4400 265 23 12 7

PCE 6000 2200 300 6 0 NA
P-10 TCE 4700 2600 235 23 11 6

PCE 14000 4500 700 6 0 NA
W04-T TCE 4300 4300 215 23 10 5

PCE 13000 4500 650 6 0 NA
W04-D TCE 1800 1800 90 23 4 NA

Area B
Flow Line 2 Compound

Initial 
Concentration

(ug/L)

Remedial Goal 
(ug/L)

95% 
Concentration 

Reduction

Estimated ERD 
Time (months)

Final Concentration 
at Maximum 

Treatment Time 
(ug/L)

Estimated MNA 
Time (months)

PCE 14000 10 700 14 0 NA
W04-T TCE 4300 10 215 46 10 8

PCE 13000 10 650 14 0 NA
W04-D TCE 1800 10 90 40 4 NA

Maximum Treatment Times for ERD and MNA (months) 46 8

Total Remediation Timeframe (months) 54
Notes:

50% Efficiency
Compound Half-Life (years) K (1/year) Factor Reference

PCE 0.056 12.40 6.20 (1)
TCE 0.22 3.15 1.58 (2)

cis-1,2-DCE 0.03 23.10 11.55 (2)
VC 0.023 30.81 15.40 (1)

Compound Half-Life (years) K (1/year)
PCE 0.63 1.10
TCE 0.42 1.65

cis-1,2-DCE 0.15 4.72
VC 0.01 69.31

Compound Half-Life (years) K (1/year)
PCE 1.75 0.40
TCE 0.65 1.07

cis-1,2-DCE 1.00 0.69
VC 0.80 0.87

Initial concentrations are November 2011 analytical results. 

The following site-specific natural attenuation degradation rates calculated in BIOCHLOR modeling are used to estimate post-remediaiton MNA 
timeframes along Groundwater Flow Line 1 (see Appendix D).

The following site-specific natural attenuation degradation rates calculated in BIOCHLOR modeling are used to estimate post-remediation MNA 
timeframes along Groundwater Flow Line 2 (see Appendix D).

ERD timeframe is estimated based on achieving the lesser of the minimum remedial goal or 95% concentration reduction.

MNA timeframe is estimated based on achieving ICLs using the Buichlor-estimated degradation rates along Groundwater Flow 
Lines 1 and 2.

Appendix E
ERD and MNA Cleanup Timeframe Estimation

Alternative 3 - PRB at Compliance Boundary, with ERD in Area B and MNA in Area C

(2) Aziz, C.E., A.P. Smith, C.J. Newell, and J.R. Gonzales. 2000. BIOCHLOR Chlorinated Solvent Plume Database Report.

Area B Cleanup Timeframe along Flow Lines 1 and 2

Maximum biodegradation rates cited in literature for natural atttenuation (below) are used with a 50% efficiency factor to simulate 
ERD biodegradation rates.

Minimum remedial goals are the lower of (a) initial concentrations, or (b) target concentrations for active remediation calculated in 
BIOCHLOR modeling (Appendix D).

(1)  Aronson D. and  Howard P.H. 1997. Anaerobic Biodegradation of Organic Chemicals in Groundwater: A Summary of Field and 
Laboratory Studies. Prepared for the American Petroleum Institute, SRC TR-97-0223F.

Page 1 of 1 Burgess Brothers Superfund Site
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TECHNICAL SUMMARY 
MNA TIMEFRAME ESTIMATE SIMULATIONS FOR AREA C 

ALTERNATIVES 2, 3, 4, AND 5 
 

1.0 OBJECTIVES 
The purpose of this evaluation is to evaluate timeframes for natural attenuation of VOCs in Area 

C as a result of treated groundwater flowing downgradient from Area B following active 

remediation (Alternatives 2 and 3), operation of a passive reactive barrier (PRB) (Alternative 4), 

or excavation in Area B (Alternative 5).    

   

2.0 METHOD 
The analytical model selected for this evaluation is presented in “Quantitative Hydrogeology” 

prepared by de Marsily (1986).1  A solution of the one-dimensional advection-dispersion 

equation for groundwater flow and solute transport is available for advective-dispersive transport 

with constituent retardation that includes exponential contaminant decay.  Following de Marsily 

(1986), a one-dimensional case is used to model the displacement of a constituent (C) in a semi-

infinite medium.  The governing equation is: 

 

  
D

C
x

U
C
x

R
C
t

C






 



2

2
  ( )

       
where:  

 C = concentration; 

t = time; 

 x = distance; 

 U = the Darcy velocity (considered constant for one-dimensional flow);  

 D  = the dispersion coefficient (considered constant, using only longitudinal  

   dispersion for one-dimensional model); 

  = the water content;  
                                                 
1 de Marsily, G., 1986.  Quantitative Hydrogeology.  Academic Press, San Diego, CA  
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 R  = the retardation factor of the constituent due to adsorption; and, 

    = the coefficient of exponential decay. 

 

Here,   is determined from: 

 

  C/2 = Cexp(- t1/2) 

where: 

t1/2 = constituent half-life. 

 

The analytical solution to the governing equation is as follows: 

 
where:  

  
 

The solute transport model input parameters are Darcy velocity, porosity, dispersion coefficient, 

retardation factor, bulk density, and half-life time.  The transport parameter values used in the 

solute transport model are the same as those used in the BIOCHLOR screening model described 

in Appendix D.  Simulations were performed using wells along Flow Line 1 (Figure D-1 in 

Appendix D).   

 

Unlike BIOCHLOR, the decay component of this 1-dimensional model does not account for 

sequential transformations that occur during reductive dechlorination.  Therefore, the flushing 

simulations were performed using PCE as a solute to evaluate the effects of flushing, because 

PCE is not a daughter product.  Also unlike BIOCHLOR, this model simulates 1-dimensional 

dispersion rather 3-dimensional dispersion.  The process of simulating the flow of treated 

groundwater downgradient of Area B is as follows: 
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1. The model was initialized for steady state conditions for PCE by adjusting the PCE half-

life to achieve a reasonable fit of the model to the May and November 2010 PCE 

concentration data along Flow Line 1.  The steady state simulation is represented by the 

red curves in Figures E-1 and E-2.   

2. Concentration reductions were simulated as a 5 µg/L “clean water plume”  downgradient 

of the active remediation and excavation areas (Figure E-1), and downgradient of the 

PRB (Figure E-2).  To achieve this, simulations were run with source concentrations 5 

µg/L less than the respective source concentrations.  Clean water simulations were run 

with durations of 5 years, 10 years, and 14 years. 

3. The concentration reduction (clean water) simulations in Step 2 for each timeframe were 

subtracted from the steady state simulation (Step 1) to produce a predicted PCE 

concentration distribution downgradient of the treatment area or PRB after a known 

period.  These predicted distribution curves are shown in Figures E-1 and E-2. 

 

3.0  RESULTS 
The simulation results show predicted concentrations of PCE downgradient of active remediation 

or excavation (Figure E-1) and a PRB (Figure E-2) after 5 years, 10 years, and 14 years.  The 

model simulations predict attainment of interim cleanup levels (ICLs) downgradient of Area B 

14 years after completion of each remedy in Alternatives 2 through 5.  Therefore, a monitored 

natural attenuation (MNA) timeframe of 14 years is assumed for Area C following completion of 

active remediation (Alternatives 2 and 3), installation of a downgradient PRB (Alternative 4) or 

excavation of Area B (Alternative 5).  
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Figure E-1.  Simulation of MNA in Area C (Downgradient Plume) after Active Remediation or Excavation
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 Page 1 of 1 Burgess Brothers Superfund Site 

TECHNICAL SUMMARY 
MNA TIMEFRAME ESTIMATE SIMULATIONS 

ALTERNATIVE 4 
 

1.0 OBJECTIVES 
The purpose of this evaluation is to estimate the timeframe for flushing and natural attenuation of 

VOCs in Area B as a result of treated groundwater flowing downgradient from a passive reactive 

barrier (PRB) at the compliance boundary.    

   

2.0 METHOD 
The analytical model selected for this evaluation is and the process of simulating the flow of 

treated groundwater downgradient of the PRB into Area B are the same as described in this 

Appendix for evaluating MNA timeframes in Area C.  Simulation timeframes are 10 years, 20 

years, and 30 years. 

 

3.0  RESULTS 
The simulation results show predicted concentrations of PCE downgradient of the compliance 

boundary PRB (Figure E-3) after 10 years, 20 years, and 30 years.  The model simulations 

predict attainment of interim cleanup levels (ICLs) in Area B 30 years after the starting operation 

of the compliance boundary PRB.  Therefore, a monitored natural attenuation (MNA) timeframe 

of 30 years is assumed for Area B following installation of a PRB at the compliance boundary 

(Alternative 4).  

 



1

10

100

1000

10000

100000

1000000

0 50 100 150 200 250 300

PC
E 

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Distance from Compliance Boundary PRB (ft)

Figure E-3.  Simulation of MNA in Area B between Compliance Boundary PRB  and Area B PRB

Model Simulation without PRB 10 years PRB 20 years PRB

30 years PRB PCE Nov-2010 PCE May-2010

Groundwater Reclassification Boundary PCE Interim Cleanup Level Downgradient PRB


















































++

+






















+−

−









=

RDt

RDRUtx
erfcBx

RDt

RDRUtx
erfcBx

D
UxC

txC
ω

ωλω

ω

ωλω

/2

/42)/(
)exp(

/2

/42)/(
)exp(

2
exp

2
0),(

)/(2)2/( DRDUB λω+=
nbdKR /1 ρ+=Baseline Simulation time = 40 years

(Steady-State) 
W-04T

P-09

W-09TD

P-10

Area B PRB



Appendix F
Focused Feasibility Study Report

July 2011

PERMEABLE REACTIVE BARRIER CONCEPTUAL DESIGNS 

APPENDIX F
GROUNDWATER FLOW MODEL AND

PARTICLE TRACKING ANALYSES FOR EVALUATION OF
GROUNDWATER COLLECTION TRENCH AND

Burgess Brothers Superfund Site



APPENDIX F 

GROUNDWATER FLOW MODEL AND  
PARTICLE TRACKING ANALYSES FOR EVALUATION OF  

GROUNDWATER COLLECTION TRENCH AND  
PERMEABLE REACTIVE BARRIER CONCEPTUAL DESIGNS  

 

Focused Feasibility Study for  
Burgess Brothers Superfund Site  

Groundwater Remedy  
 

Prepared for  
 

Environmental Partners Group  
Quincy, Massachusetts  

 

Prepared by 
 

McLane Environmental, LLC 
707 Alexander Road, Suite 206 Princeton, New Jersey 08540 

 
with 

 
XDD, LLC 

101 East Mill Street, Suite D, Quakertown, PA  18951 
 
 
 
 

July 2011 



 

 

1.0 Introduction  
At the request of Environmental Partners Group, Inc. (EPG), McLane Environmental, LLC 
(McLane Environmental) and XDD have used the groundwater flow model previously 
developed for the Burgess Brothers Superfund Site (the Site) located near Bennington, 
Vermont (McLane Environmental 2003) to support evaluation of Focused Feasibility Study 
(FFS) alternatives.  

The 2003 Site model was constructed using MODFLOW (Harbaugh and McDonald 1996).  At 
that time, newer data provided by EPG on site topography, swale and stream geometry and 
elevations, and geologic layering and properties were incorporated in the groundwater flow 
model to best represent Site conditions, and the model grid was refined to increase model 
precision and to improve representation of Site geologic layering and surface water features 
within the model domain.  Water level data collected at the time of model development were 
included in the data set used to calibrate the groundwater flow portion of the Site model.   

For the remedial alternatives modeling described in this Appendix, no changes were made to the 
2003 model or its calibration, except as needed to simulate the effects of operation of 
groundwater collection and passive reactive barrier (PRB) trench systems.  Recent 2006 
groundwater sampling data depicting the water table elevations (Figure F-1), and distribution of 
dissolved PCE (Figure F-2) and TCE (Figure F-3) at the Site were used to estimate the current 
extent of contamination to be captured and/or treated by the conceptual trench designs, shown 
in Figure F-4.  A summary of the flow model design and features is presented in the next 
section.  

2.0 Flow Model Design  
The model covers an area of 2,500 feet (ft) in the east-west direction and 2,750 ft in the north-
south direction.  The 2-layer model includes 80 rows and 85 columns and is refined around the 
landfill area (Figure F-4).  Cell sizes range from 20 ft x 20 ft near the landfill to 70 ft x 80 ft in 
areas near the model boundaries.  Layer 1 represents the Kame Sand unit and Layer 2 the 
Ablation Till, which is underlain by the confining Lodgment Till unit.  Each layer is set at a 
uniform thickness of 15-ft, which represents the average thickness of the Kame Sand and 
Ablation Till below the landfill area.  Layer top and bottom elevations are specified using current 
land surface topography data for the landfill and surrounding area.   

The model is bounded to the south and east by constant head cells in both layers to account for 
subsurface flow from the hillside areas surrounding the landfill.  At the western boundary, the 
constant head cells in the first and second layer model the subsurface outflow towards Barney 
Brook.  Inactive cells were placed at the northern boundary since, in this area, most subsurface 
flow is expected to be in a direction parallel to this boundary towards the Walloomsac River.   

The model includes 4 inches per year (in/yr) of groundwater recharge generally over the model 
domain, and 1 in/yr for the capped landfill area in Layer 1.  Effective porosity was set to 0.25.  
Table 1 summarizes the flow model parameters used in the updated model.   
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The hydraulic conductivity distribution of Layer 1 was determined to best represent information 
provided from the review of geologic cross sections and topographic maps.  Hydraulic 
conductivity zones were designed to account for transmissivity variations throughout the model 
area that were likely associated with a change in hydraulic conductivity and/or layer thickness.  
The values were adjusted during model calibration to achieve good agreement between 
computed and measured water levels with special focus on the area between the landfill and 
Unnamed Stream.  

Layer 1 downgradient (south) of the landfill was assigned a hydraulic conductivity of 0.6 feet per 
day (ft/d) being close to the range of values reported in the Supplemental RI (ERM 1997).  From 
the review of the available Site information, a slightly lower hydraulic conductivity was chosen 
for the sloped areas southwest and southeast of the landfill to account for a lower groundwater 
transmissivity.  A hydraulic conductivity of 6 ft/d assigned within the re-graded landfill area, and 
is similar to the value of 5 ft/d used in the Feasibility Study model (ERM 1998).  The area 
immediately surrounding and northwest of the landfill was assigned a value of 2 ft/d based on a 
review of site data and the results of the calibration testing.  

3.0 2003 Flow Model Calibration Results  
The flow model was calibrated against the groundwater elevations measured at the site 
monitoring wells, averaging spring 2001 to spring 2003 data.  Residuals (the difference between 
modeled and measured groundwater elevations) were calculated at twelve calibration target 
locations, primarily near the landfill, and examined for significant spatial trends.  Good 
agreement (i.e. relatively small values of residuals) between computed and measured heads was 
achieved, and no significant spatial trends were observed.  Statistically, good flow model 
calibration was achieved with a root mean square error (RMSE) of 1.49 ft (method of Anderson 
and Woessner 1992); resulting in a model relative error (RMSE divided by the range in 
measured heads at the twelve target locations) of 2.2 %.  

Calibration head residuals were also examined by plotting measured versus modeled 
groundwater elevations, and the calibration values were located close to the 45-degree (zero 
error) line.  This indicates small error at low, medium, and higher groundwater elevations 
throughout the model domain.  

4.0 Groundwater Modeling Scenarios  
For the Site Focused Feasibility Study, two groundwater remediation trench alignments 
and two groundwater remediation technologies were evaluated.  
 
4.1 Trench Alignment 1: Groundwater Compliance Boundary  
This trench alignment approximately 215 feet long follows the EPA groundwater compliance 
boundary (Figure F-4), which extends into the capped portion of the southeastern end of the 
landfill and parallels the toe of slope swale.  The toe of slope swale flows over the top of the 
landfill cap at the southeast end of the landfill.  Hydraulic head data indicate groundwater 
from the landfill area flows toward the toe of slope swale.  Elevated VOC concentrations are 
observed at W-03 and W-05, located along the compliance boundary and upgradient of the toe 
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of slope swale.  The hydraulic head data (Figure F-1) also indicate that as groundwater 
approaches the southeast end of the landfill, groundwater flow direction changes and flows 
parallel to the toe of slope swale.  This is supported by both hydraulic head data, and by VOC 
distribution data (see PCE and TCE contours in Figures F-2 and F-3, respectively).   

While this alignment is likely to capture or intercept most groundwater from the landfill, the 
eastern half of the trench following the compliance boundary is oriented parallel to the 
groundwater flow direction.  This alignment is not effective for capture or interception of 
groundwater in this area, especially groundwater downgradient of the compliance boundary 
and beneath the landfill cap (in the area of the toe of slope swale).  This alignment would 
require constructing the trench beneath the landfill cap, as well as performing active 
remediation beneath the landfill cap in the area beneath the toe of slope swale.  Given these 
difficulties, an alternative trench alignment was evaluated for more efficient and effective 
capture/interception of groundwater flow from the landfill. 

4.2 Trench Alignment 2: Alternative Trench Alignment  
The alternative trench alignment, which is approximately 170 feet long (Figure F-4), 
follows the uncapped portion of the EPA groundwater compliance boundary, but 
instead of extending into the landfill cap and running parallel to the toe of slope swale, 
the trench turns to the south and crosses the toe of slope swale, extending 
approximately 30 feet beyond the limits of the plume.  The intent of this alignment is 
to place the trench downgradient of all groundwater flow originating from the landfill 
area and from beneath the landfill cap. 

The hydraulic response to these two trench alignments was evaluated in the model 
under two scenarios: (1) a groundwater collection trench (hydraulic barrier), and (2) a 
passive permeable reactive barrier (PRB). 

4.3 Scenario 1: Groundwater Collection Trench  
Heads are controlled in the trench at water levels lower than in the surrounding aquifer by 
pumping to create a hydraulic barrier.  

The model was used to:  
1. Calculate heads in the vicinity of the trench;   
2. Estimate the capture zone for the trench using particle tracking and velocity vectors; and  
3. Estimate the pumping rate from the trench at different drawdown levels. 

 
4.4 Scenario 2: Permeable Reactive Barrier 
High permeability reactive material will be placed in the trench, and groundwater flowing 
passively through the trench (no pumping) is treated by the reactive material.  

The model was used to:  
1. Calculate heads in the vicinity of the trench;   
2. Estimate the capture zone for the trench using particle tracking and velocity vectors;   
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3. Estimate the flow being treated each day by the reactive barrier; and  
4. Provide a basis for calculating residence time of groundwater flowing through the 

reactive barrier.  
 
5.0 Model Simulations and Particle Tracking Analyses  
Changes made to the flow model to represent the alternative trench designs were limited to the 
following: 

1. assignment of a hydraulic conductivity value of 28.35 feet/day to those model cells 
intended to represent the particular trench design being analyzed; and  

2. assignment of constant head values to represent drawdown induced by pumping from the 
trench for the groundwater collection trench design. 

 
The following groundwater flow modeling scenarios were analyzed for the site:  
 

 Base Case – No Trench or Passive Treatment Barrier (Figure F-5)  
 Scenario 1 – Compliance Boundary Trench   

o Scenario 1a – Assumed 3-ft.of drawdown (Figures F-6a and F-6c)  
o Scenario 1b – Assumed 5-ft.of drawdown (Figures F-6b and F-6d)  

 Scenario 2 – Alternative Trench Alignment 
o Scenario 2a – Assumed 3-ft.of drawdown (Figures F-7a and F-7c)  
o Scenario 2b – Assumed 5-ft.of drawdown (Figures F-7b and F-7d)  

 Scenario 3 – Compliance Boundary Passive Treatment Barrier (Figure F-8)      
 Scenario 4 –Alternative Trench Alignment - PRB (Figure F-9)      

 
For each pumping trench scenario, the trench was modeled as a MODFLOW DRAIN 
(depicted as orange squares on Figures F-6 through F-7).  The passive treatment barrier was 
modeled as a Horizontal Flow Barrier (HFB) (depicted as orange squares on Figures F-8 and 
F-9).  Both the drains and HFB have a simulated thickness of 2.5 ft and a hydraulic 
conductivity of 0.01 cm/sec (28.35 ft/day).  

The groundwater flow modeling results were evaluated to assess the extent of upgradient capture 
using particle tracking analyses.  Particle tracking was performed with MODPATH (Pollock 
1994) by initiating particles on a line at the water table, located where the PCE/TCE plume is 
estimated to have the widest west-to-east extent.  The particle paths include arrowhead symbols 
that represent 180 days of groundwater travel time between symbols.   

The green cells represent streams where groundwater discharges at a pre-set elevation.  The 
stream cells in the model represent actual surface waters at the site, except the stream cells in the 
lined portion of the toe of slope swale, at the southeast end of the landfill.  Before the landfill cap 
was constructed, this was an area of groundwater discharge (marshy area).  During construction 
of the landfill cap, a layer of sand was placed in this marshy area as bedding for the landfill cap.  
Since this appears to behave as an area of drainage inferred from hydraulic head and VOC data 
as described above in Section 4.1, it is hypothesized that this sand layer beneath the cap may be 
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acting as a drain, which routes groundwater flow to the southwest, toward the unlined portion of 
the toe-of slope swale.  Therefore, this stretch is not an area of surface water discharge; rather the 
stream cells represent the inferred area of drainage. 

Table 2 summarizes the estimated fluxes that are expected to be pumped from the trench in the 
groundwater collection trench scenarios, and flow through the trench in the passive PRB 
scenarios.   

Figure F-5 presents the particle paths for the base case scenario, without a collection trench 
or passive treatment barrier.   

Particle tracking results for the compliance boundary groundwater collection trench simulations 
are summarized in Figures F-6a and F-6b (3-ft. drawdown and-5-ft. drawdown, respectively).  
Both simulations show capture of the particles representing the widest extent of the VOC 
plume.  The estimated pumping rates are 2.5 gallons per minute (gpm) and 3.0 gpm in the 3-
ft.and 5-ft.drawdown simulations, respectively.  Groundwater extraction rates are higher in the 
northeast end of the trench extending into the landfill cap, because the trench is reaching 
upgradient. 

The capture zones indicated by the direction of velocity vectors in the compliance boundary 
groundwater collection trench simulations are shown in Figures F-6c and F-6d (3-ft. drawdown 
and 5-ft. drawdown, respectively).  In both scenarios, the capture areas extend beyond the plume 
limits upgradient of the collection trench, and reach downgradient of the collection trenches 
toward the access road southwest of the landfill (approximately 75 feet to 100 feet downgradient 
of the compliance boundary).  As expected, the downgradient reach of the capture zone is greater 
for the 5-ft. drawdown simulation than the 3-ft. drawdown simulation. 
 
Particle tracking results for the alternative alignment groundwater collection trench simulations 
are summarized in Figures F-7a and F-7b (3-ft. drawdown and 5-ft. drawdown, respectively).  
Again, both simulations show capture of the particles representing the widest extent of the 
VOC plume.  The estimated pumping rates are 1.1 gpm and 1.7 gpm in the 3-ft.and 5-
ft.drawdown simulations, respectively.  Groundwater extraction rates are lower because the 
trench is oriented more perpendicular to groundwater flow direction. 

The capture zones indicated by the direction of velocity vectors in the compliance boundary 
groundwater collection trench simulations are shown in Figures F-7c and F-7d (3-ft. drawdown 
and 5-ft. drawdown, respectively).  As in the compliance boundary trench simulations, the 
capture areas extend beyond the plume limits upgradient of the collection trench, and reach 
downgradient of the collection trenches toward the access road southwest of the landfill (75 feet 
to 100 feet downgradient), with a greater the downgradient reach for the 5-ft. drawdown 
simulation than the 3-ft. drawdown simulation.  The projected upgradient and downgradient 
capture zones for both the compliance boundary alignment and alternative alignment scenarios 
for the groundwater collection are similar. 
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Particle tracking results for the PRB simulations are summarized in Figures F-8 and F-9 
(compliance boundary and alternative alignments, respectively).  The compliance boundary 
PRB (Figure F-8) shows capture of groundwater flowing from the landfill, but does not capture 
groundwater from the eastern-most extent of the VOC plume.  These particle traces flow 
beneath the landfill cap toward the unlined portion of the toe of slope swale.   

Particle traces for the alternative PRB alignment (Figure F-9) indicate capture of all 
groundwater flowing from the landfill area, as well as the toe of slope swale area.  This is 
because the alternative PRB alignment intercepts groundwater flowing toward the unlined 
portion of the toe of slope swale.  Model-predicted flux through both PRB trenches is about 
approximately 1 gpm. 

Results of these modeling analyses indicate that the proposed alternative alignment for the 
groundwater collection trench and PRB scenarios (i.e. those not extending into the landfill cap 
along the compliance boundary) are effective in intercepting the dissolved VOC plumes at the 
Site.  In addition, the alternative trench alignments generate less waste (contaminated soils, and 
in the case of the  pumping trench less contaminated groundwater requiring treatment).  In either 
scenario (compliance boundary or alternate alignment), modeling shows that a groundwater 
collection trench should be capable of capturing and/or containing VOCs approximately 75 feet 
to 100 feet downgradient of the compliance boundary, eliminating the need for active 
remediation within the downgradient capture zone.   
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TABLES 



Hydraulic Conductivity [ft/d] Layer 1 Primary Area 0.6
South-East Hill Side    0.5
South-West of Landfill 0.5
North-West of Landfill 2
Landfill Area 6

Layer 2 Entire Layer 0.5

Recharge [in/yr] Layer 1 Uncapped Area 4
Capped Landfill 1

Porosity Layer 1 Entire Layer 0.25
Layer 2 Entire Layer 0.25

Table 1: Groundwater flow model parameters

McLane Environmental, LLC



Table 2 - Total Flux Estimates

Scenario Modflow 
BC

Head
(feet)

Drawdo
wn

(feet)

Trench/PTB 
Shape

Total Flux
(cfd)

Number of 
Cells in the 

Model
1a DRAIN 1077 3 Compliance 490 15
1b DRAIN 1075 5 Compliance 585 15
2a DRAIN 1077 3 Proposed 224 9
2b DRAIN 1075 5 Proposed 322 9
3 HFB --- Compliance 225 15
4 HFB --- Proposed 203 9

Drain/HFB Hydraulic conductivity
0.01 cm/sec = 28.35 ft/day

Conversion Factors
1 ft = 30.48 cm
1 day = 86400 sec

Scenario 3 - Passive Treatment Barrier Flow per Cell Calculations
H = 15 ft
L = 20 ft
A = 300 sq.ft
K = 0.6 ft/day

Compliance Proposed
i 0.083 0.125

Q = 15.0 22.5 cfd/cell  

McLane Environmental, LLC
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F-2 PCE Groundwater Concentration Contours  
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