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1.0 INTRODUCTION 

Conestoga-Rovers & Associates, Inc. (CRA) has prepared this Feasibility Study (FS) on 
behalf of Parker-Hannifin Corporation (P-H) and the General Electric Company (GE) for 
the Old Erie Canal Site located in Clyde, New York (Site).  The location of the Site is 
shown on Figure 1.1. 
 
The Site is listed in the Registry of Inactive Hazardous Waste Disposal Sites in New York 
State (NYS) as Site No. 859015.  The FS has been completed pursuant to Order on Consent 
Index No. B8-0533-98-06 between the New York State Department of Environmental 
Conservation (NYSDEC), P-H, and GE, and the NYSDEC-approved Remedial 
Investigation/Feasibility Study (RI/FS) Work Plan prepared by O'Brien & Gere 
Engineers, Inc. (OBG) and dated December 2001.  The FS has been performed in a manner 
consistent with the NYSDEC-approved RI/FS Work Plan, the National Oil and 
Hazardous Substances Contingency Plan (NCP), the United States Environmental 
Protection Agency (USEPA) "Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA", dated October 1988, and NYSDEC "TAGM 
HWR-90-4030:  Selection of Remedial Actions at Inactive Hazardous Waste Sites", dated 
May 15, 1990. 
 
 
1.1 OBJECTIVE 

The primary purpose of the FS is to identify and evaluate the most appropriate remedial 
alternatives to eliminate or mitigate, through the proper application of scientific and 
engineering principles, any significant threats to the public health and to the environment 
presented by hazardous wastes disposed or released at the Site. 
 
 
1.2 ORGANIZATION OF THE REPORT 

This report presents an analysis of remedial alternatives and is organized as follows: 
 
i) Section 1 – Introduction:  An overview of the project is presented in Section 1; 

ii) Section 2 – Site Description and History:  A description of the Site and a summary 
of its history are presented in Section 2; 

iii) Section 3 - Summary of Investigations and Qualitative Risk Assessment: The 
results of the RI and Supplemental Groundwater Investigation and qualitative 
risk assessment conducted by OBG are summarized in Section 3; 
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iv) Section 4 - Remedial Goals and Remedial Action Objectives:  The goals and 
objectives of the proposed remedy are discussed in Section 4; 

v) Section 5 - General Response Actions and Identification of Remedial Technologies:  
A review and screening of applicable technologies for remediating environmental 
media exhibiting concentrations of organic chemicals exceeding relevant 
standards at the Site are presented in Section 5; 

vi) Section 6 – Initial Screening of Remedial Technologies:  The initial screening of the 
remedial technologies potentially applicable at the Site is presented in Section 6; 

vii) Section 7 – Detailed Analyses of Retained Remedial Alternatives:  The detailed 
analyses of retained potential remedial alternatives to address the presence of 
organic chemicals at concentrations exceeding relevant regulatory criteria in 
environmental media at the Site is presented in Section 7;  

viii) Section 8 – Comparative Analyses of Remedial Alternative:  The comparative 
analyses of the remedial alternatives for the Site are presented in Section 8; 

ix) Section 9 – Recommended Remedial Alternatives:  A recommendation for the Site 
remedy and justification of the selection is presented in Section 9; and 

x) Section 10 – List of References:  A list of the references used in the preparation of 
this FS is presented in Section 10. 
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2.0 SITE DESCRIPTION AND HISTORY 

The Site is approximately 10.5 acres in size and is located at 124 Columbia Street in the 
Village of Clyde, New York.  The Site includes both property currently owned by P-H, as 
well as portions of the abandoned Erie Canal (Old Erie Canal) and former Barge 
Turnaround, currently owned by the Village of Clyde.  The Site is bounded by Columbia 
Street and residential property to the north, the P&C grocery store and commercial 
property to the east, active rail lines and the NYS Barge Canal (Clyde River) to the south, 
and residential properties to the west.  The P-H property is comprised of the main 
manufacturing building, three additional storage buildings located along the western 
side of the Property, paved parking areas, and undeveloped portions of the Old Erie 
Canal and former Barge Turnaround.  A Site Plan is presented on Figure 2.1. 
 
 
2.1 SITE HISTORY 

Manufacturing operations have been conducted on the Site since the early 1800s.  Glass 
manufacturing dominated Site operations into the early 1930s.  The Acme Electric 
Company (Acme Electric) purchased the property in 1941 for production of transformers.  
The current facility located at the Site was built in or about 1941 shortly after the property 
was purchased by Acme Electric.  From 1941-1945, Acme Electric manufactured electrical 
equipment, transistors, radar components and transformer components for use by the 
United States Navy during World War II.  These manufacturing activities were similar to 
the manufacturing activities at Acme Electric's nearby Cuba Plant.  During the 
manufacturing activities at the Cuba Plant, Acme Electric generated halogenated 
solvents, spent stripping solutions, plating bath sludges, polychlorinated biphenyl (PCB) 
capacitors, and paint sludges. These wastes were disposed of at the Cuba Landfill Site.  
(See NYSDEC Record of Decision-Village of Cuba, Municipal Waste Disposal Site, Site 
Number 9-02-012.)  It is likely that the similar manufacturing activities conducted by 
Acme Electric at the Clyde facility resulted in the generation of similar wastes.  The 
NYSDEC Registry listing for the Old Erie Canal Site identifies Acme Electric as one of the 
manufacturers at the site who generated waste solvents and other materials. 
 
 GE purchased the facility in 1945 for the manufacture of electrical equipment, including 
fluorescent light ballasts, rectifiers, transistors, and diodes.  P-H purchased the facility 
from GE in 1965 initially for the manufacture of automobile air conditioning systems.  
Historical manufacturing processes included the use of one stationary closed-loop vapor 
degreaser and several small portable closed-loop vapor degreasers as well as 
miscellaneous metal fabricating activities. 
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The Old Erie Canal was excavated through the southern portion of the Site between 1817 
and 1825.  Initially, the canal was 40 feet wide and 4 feet deep.  Between 1836 and 1862, 
the canal was enlarged to a width of 70 feet and a depth of 7 feet.  The enlarged canal 
included the former Barge Turnaround located in the southwestern portion of the Site.  
The present day Barge Canal was constructed beginning in 1908 utilizing a portion of the 
Clyde River south of the Site.  The portion of the Old Erie Canal adjacent to the Site was 
abandoned in 1917. 
 
The Old Erie Canal and former Barge Turnaround were used as historical disposal/fill 
sites.  In the Village of Clyde, local contractors used the abandoned canal for the disposal 
of construction and demolition debris.  The section of the Old Erie Canal along the 
southern portion of the P-H property was reportedly filled by P-H between 1968 and 
1979.  
 
The Village of Clyde sanitary sewer system historically discharged to a septic tank 
located at the confluence of the former Barge Turnaround and the Old Erie Canal.  Waste 
was discharged from the septic tank to a catchbasin (CB-3) located in the unfilled portion 
of the Old Erie Canal, and ultimately, to the Clyde River.  The Village abandoned and 
subsequently demolished the septic tank as part of sanitary sewer system improvements 
completed between 1968 and 1972.  The discharge pipe leading to CB-3 from the septic 
tank was plugged during the septic tank abandonment. 
 
P-H attempted to install a 12-inch corrugated metal pipe (CMP) to alleviate drainage 
issues east of the Site in 1971.  The proposed plan was to install a 12-inch CMP to direct 
surface water from the eastern, unfilled portion of the Old Erie Canal to CB-3.  During 
construction, the excavation collapsed and P-H abandoned the project.  Later in 1971, the 
Village of Clyde installed a 48-inch CMP to direct surface water from the eastern area to 
the western, unfilled portion of the Old Erie Canal.  P-H then connected two new storm 
drains to the 48-inch CMP. 
 
The results of stormwater sampling conducted during the RI, revealed the presence of 
volatile organic compounds (VOCs) in stormwater discharging to catchbasin CB-3 and in 
two upgradient manholes (MH-3A and MH-3B), Figure 2.1.  Based on the results of the 
stormwater sampling and subsequent evaluations of the Site storm sewers, an Interim 
Remedial Measure (IRM) was completed in November 2003 consisting of: 
 
• Decommissioning of storm sewer lines 3 and 4 by filling them with flowable fill, and 

decommissioning of manholes MH-3A and MH-3B and catchbasins CB-3E and CB-3 
by filling them with concrete. 
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• Installation of concrete water-stops on abandoned storm sewer lines 3 and 4, to 
minimize potential migration of groundwater along the sewer trenches. 

• Regrading and paving a portion of the parking lot behind the manufacturing building 
to direct surface water away from the locations of the abandoned catchbasins and 
storm sewer lines. 

 
This IRM is more fully described in the Storm Water IRM Completion Report, prepared 
by OBG, dated December 2003.  The completion report was approved by the NYSDEC in 
February 2004. 
 
 
2.2 CURRENT OPERATIONS 

Current operations by P-H include the manufacture and testing of fuel injection nozzles 
for military and industrial applications. 
 
The P-H property is fenced along the east side (Elm Street), south side (Old Erie Canal), 
and on the west side along the former Barge Turnaround.  Access into the manufacturing 
building is controlled through a secure door access system.  Personnel are on-Site 7 days 
a week, generally between the hours of 5:00 a.m. and 11:00 p.m. on weekdays and 
5:00 a.m. and 12:00 p.m. on weekends. 
 
The floors within the production area are sealed with a 100 percent solids, copolymer 
resin applied at a thickness of 16 to 50 mils.  This sealant provides a chemical and 
abrasion resistant covering which also seals any cracks present in the concrete floor. 
 
Facility personnel are trained in hazard communication and health and safety procedures 
are in place which define special procedures for subsurface activities performed within 
areas of known chemical presence in Site soil or groundwater. 
 
Indoor air sampling is conducted periodically to ensure compliance with Occupational 
Safety and Health Administration (OSHA) standards. 

 
  
 

035048 (2) 5 CONESTOGA-ROVERS & ASSOCIATES 



 

3.0 SUMMARY OF REMEDIAL INVESTIGATION  
AND ASSOCIATED STUDIES   

The NYSDEC and New York State Department of Health (NYSDOH) conducted a 
number of environmental investigations and sampling rounds at the Site and 
surrounding residential properties between 1989 and 1994.  These investigations involved 
collection of surface soil, groundwater, surface water, stormwater, sub-slab soil gas, 
residential well and basement sump water, and residential indoor air samples.  Samples 
were analyzed for Target Compound List (TCL) VOCs, semi-volatile organic compounds 
(SVOCs), pesticides, PCBs, Target Analyte List (TAL) metals, and total cyanide.  The 
results of the NYSDEC and NYSDOH investigations were presented in the "Remedial 
Investigation/Feasibility Study Work Plan", prepared by OBG and approved by 
NYSDEC in December 2001. 
 
A Remedial Investigation (RI) was conducted by OBG on behalf of GE and P-H between 
April 2002 and January 2005.  The results of the RI were reported in the: 
 
i) "Remedial Investigation Report" prepared by OBG and dated November 2003; 

and 

ii) "Remedial Investigation Addendum No. 1 Report" prepared by OBG and dated 
May 13, 2005. 

 
A Supplemental Groundwater Investigation (SGI) was conducted in 
November/December 2006 to gather additional site data to be considered in the FS.  The 
results of the SGI are presented as Appendix G to this FS in the "Supplemental 
Groundwater Investigation Summary Report" prepared by OBG and dated March 29, 
2007. 
 
Summaries of the results of the RI and SGI and identified potential exposure pathways 
for each of the impacted environmental media prepared from the information presented 
in the above-referenced reports are presented in the following subsections. 
 
 
3.1 GEOLOGY/HYDROGEOLOGY 

3.1.1 SITE OVERBURDEN STRATIGRAPHY 

The Site is located on the Lake Ontario plain within the Finger Lakes physiographic 
region of NYS.  The soils overlying bedrock at the Site consist of the following in 
ascending order: 
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i) glacial till; 

ii) glaciofluvial deposits; and 

iii) fill. 
 
The combined thickness of the unconsolidated deposits beneath the Site range from 16.5 
to 31.0 feet. 
 
Geologic cross-sections were prepared by OBG and presented in the RI and SGI reports.  
Copies of the most recent cross-sections are presented on Figures 3.2 through 3.4 of this 
FS.  A cross-section location plan is shown on Figure 3.1. 
 
Glacial Till 
 
The till beneath the Site is a Lodgment Till consisting of a poorly sorted mixture of 
red-brown clayey silt with some coarse to fine sand and little gravel.  The till is present 
across the majority of the Site, ranging in thickness between 3.5 and 27.2 feet.  The till is 
thickest at MW-7B, west of the former Barge Turnaround.  As shown on the 
cross-sections, the till is thin or absent along an apparent channel in the vicinity of the 
former Barge Turnaround.  A contour map showing the elevation of the top of the till, 
reproduced from the SGI Report, is presented on Figure 3.5. 
 
Where present, the till acts as an aquitard separating the fill and glaciofluvial deposits 
from the bedrock unit. 
 
Glaciofluvial Deposits 
 
Glaciofluvial deposits consisting of channel silt, sand and gravel, sand, and gravel are 
present across the majority of the Site.  Where the till is absent in the channel near the 
former Barge Turnaround, the glaciofluvial deposits directly overlie the bedrock.  The 
maximum observed thickness of the glaciofluvial deposits is 23 feet at boring GP-36 
located in the southern portion of the Site.  The stratigraphic detail shown in the geologic 
cross-section presented on Figure 3.3 shows that the thickness of the glaciofluvial 
deposits  is less east of the manufacturing building and in the southeast parking lot than 
it is in the center of the Site.  Interbedded silt and clay, referred to in the RI Report as 
"backswamp deposits," is present overlying the channel materials in the former Barge 
Turnaround area. 
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Fill 
 
Fill material is present across the majority of the Site, including on the property owned by 
the Village of Clyde located west of the P-H property.  Fill thicknesses range up to 
approximately 12 feet east of the manufacturing building (Figure 3.3).  The fill on the P-H 
property is not contiguous with the fill on the Village of Clyde property. 
 
The Site fill generally consists of sand, gravel, and silt mixed with cinders, ash, slag, 
brick, and glass.  The volumes of fill are greatest in the Old Erie Canal along the southern 
Site boundary, along the eastern portion of the former Barge Turnaround, and in the 
vicinity of the manufacturing building. 
 
 
3.1.2 SITE BEDROCK 

The bedrock beneath the Site consists of shale and dolomitic limestone of the Late 
Silurian Syracuse-Camillus Formation.  Based on the lithologic descriptions of the 
bedrock cores presented in the RI Report, the bedrock is gray to dark greenish-gray, 
fine-grained, moderately fractured shale and thinly bedded gray dolomitic limestone 
which is also moderately fractured. 
 
During the Site investigations, the bedrock was encountered at depths ranging between 
16.5 and 31 feet below grade.  The bedrock surface generally slopes from the northeast to 
the southwest.  A contour map showing the surface elevation of the bedrock is presented 
on Figure 3.6. 
 
 
3.1.3 SITE HYDROGEOLOGY 

The geologic units identified in the previous section were grouped into two major 
hydrogeologic units as follows: 
 
• Shallow unconsolidated unit; and 

• Shallow bedrock unit. 
 
Each of these hydrogeologic units is described below. 
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Shallow Unconsolidated Unit 
 
The shallow unconsolidated unit consists of the fill and glaciofluvial geologic units.  This 
unit ranges in thickness from 1.0 to 29.2 feet, and is thickest within the glacial channel 
west of the facility.  Based on testing conducted during the Site Investigations, the 
hydraulic conductivity ranges from 0.33 feet per day (ft/day) (MW-9S) to 38.12 ft/day 
(-TMW-2).  The geometric mean hydraulic conductivity was determined to be 
4.75 ft/day. 
 
Water level measurements were collected during the Site investigations on five occasions.  
The general pattern of groundwater flow exhibited by the five sets of groundwater 
contours is consistent.  The groundwater contour maps for August 3, 2004 and 
November 28, 2006 are provided on Figures 3.7 and 3.8, respectively.  Examination of 
these figures shows that the glacial channel acts as a local groundwater drainage point 
where groundwater flow from the east, north, and west converges.  Groundwater flow 
from the eastern and central portions of the Site is westward toward the gravel-filled 
channel.  Groundwater flow from the remainder of the Site is southward, toward the 
Clyde River.  The horizontal hydraulic gradients within the shallow unconsolidated unit 
are variable.  In general, steeper gradients (i.e., on the order of 0.02 feet per feet (ft/ft) 
occur at the limits of the glacial channel.  Within the channel, the hydraulic gradients are 
much smaller, due to the fact that the unit here consists principally of glaciofluvial sand 
and gravel. 
 
The volume of groundwater flow into the glacial channel was estimated using the unit's 
hydraulic conductivity and hydraulic gradient.  The flow into the channel was divided 
into three components (east, north, and west) based on the August 3, 2004 groundwater 
contours.  The calculations show that the total groundwater flow into the channel is on 
the order of ,1,500 ft3/day (8 gallons per minute [gpm]).  A groundwater extraction 
system would typically be required to pump in excess of the natural flow rate to achieve 
hydraulic containment.  For this FS, it was assumed that a combined rate of 20 gpm 
would be required.  The estimations of natural groundwater flow rate and of 
groundwater pumping rates are provided in Appendix A. 
 
Over most of the Site, the shallow unconsolidated unit is separated from the shallow 
bedrock unit by a low hydraulic conductivity, dense glacial till.  The only area where the 
till is thin or absent occurs within the glacial channel.  Within the Site, vertical hydraulic 
gradients are downward from the shallow unconsolidated unit to the shallow bedrock 
unit.  This indicates a potential for groundwater migration from the unconsolidated unit 
to the bedrock.  The intervening till unit mitigates this potential groundwater flow path.  
There is a potential connection between the unconsolidated unit and the bedrock along 
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the axis of the glacial channel.  This connection is manifested by the presence of 
Site-related chemicals in bedrock monitoring well MW-6B. 
 
The groundwater contours and surface water measurements collected confirm that the 
groundwater in the unconsolidated unit discharges to the Clyde River.  There is also a 
small potential for shallow groundwater to migrate to the shallow bedrock, where the till 
is absent. 
 
Shallow Bedrock Unit 
 
The shallow bedrock unit is part of the Syracuse-Camillus Formation and consists of 
interbedded shale and limestone.  Groundwater flow in this unit will occur principally 
through secondary porosity features (e.g., bedding plane fractures and joints).  The 
hydraulic conductivity of the shallow bedrock is directly related to the frequency and 
degree of interconnection of the secondary porosity features.  The geometric mean 
hydraulic conductivity of the shallow bedrock unit, based on testing conducted during 
the Site investigations, is 0.05 ft/day.  The bedrock unit is much less permeable than the 
shallow unconsolidated unit. 
 
A potentiometric contour map of the shallow bedrock unit has been prepared using the 
hydraulic monitoring data collected on November 28, 2006.  The contour map is 
presented on Figure 3.9.  Groundwater flow in the shallow bedrock beneath the Site is 
southwesterly.  The data collected from the bedrock monitoring wells located south of the 
Barge Canal suggests that flow from south of the Barge Canal is to the northeast, toward 
the Site. 
 
 
3.2 NATURE AND EXTENT OF CONTAMINATION 

The investigations and data analyses presented in previously submitted reports indicated 
that current or potential future risks to human health and/or the environment were 
present if there was direct exposure to: 
 
i) impacted groundwater; 

ii) on-Site surface water or surface soil; or  

iii) exposure to sub-slab soil gas through vapor intrusion into the manufacturing 
building. 
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The potential impact of soil vapor migration and intrusion to the off-Site properties north 
(upgradient) of the Site is being further investigated and will be evaluated in a separate 
report. 
 
 
3.2.1 GROUNDWATER 

Groundwater analytical data summaries are presented in Tables 3.1 through 3.6.  The 
groundwater sample locations are shown on Figure 3.10.  The analytical data have been 
compared to the NYSDEC standards for Class GA (potable) groundwater and detected 
concentrations exceeding the standards are highlighted on the tables.  Review of the data 
shows the following: 
 
i) VOCs, primarily trichloroethene (TCE), its degradation products 

cis-1,2-dichloroethene (cis-1,2-DCE) and vinyl chloride (VC), toluene, and xylene 
are present in Site groundwater at concentrations exceeding the relevant 
standards; 

ii) few SVOCs were detected in groundwater samples at low concentrations 
exceeding relevant standards; 

iii) no PCBs or pesticides were detected in groundwater samples; 

iv) iron, manganese, magnesium, ,and sodium were detected in a number of samples 
at concentrations exceeding the relevant standards; 

v) antimony was detected at a concentration exceeding its standard in one sample; 

vi) chemical presence in Site groundwater occurs primarily in the shallow 
overburden unit; and 

vii) chemical presence in groundwater within the bedrock unit at concentrations 
exceeding the relevant standards is limited to the shallow bedrock in the 
immediate vicinity of the former Barge Turnaround.  Chemicals have not been 
detected at concentrations exceeding standards in samples collected from bedrock 
monitoring wells MW-10B, MW-11B, or MW-12B located approximately 400 feet 
downgradient of the southern Site boundary, across the Barge Canal. 

 
The concentrations of TCE, cis-1,2-DCE, and VC,,, in the overburden and shallow 
bedrock monitoring wells are shown on Figures 3.11 and 3.12, respectively. 
 
The data collected during the Site investigations demonstrate that natural attenuation of 
chemicals in Site groundwater through biodegradation is effectively reducing chemical 
presence.  Review of the groundwater VOC data shows that in many locations the 
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concentrations of cis-1,2-DCE and VC, the degradation products of TCE, are higher than 
the concentration of TCE.  In some cases, TCE makes up less than 1 percent of the total 
VOCs in the groundwater.  This indicates that reductive dechlorination is highly 
advanced in the most highly contaminated areas of the Site.  The data further show that 
in these same areas the degradation of TCE has progressed to the formation of its 
non-hazardous end products, ethane and ethene.  Geochemical data indicate that, at the 
Site, the groundwater aquifer conditions are reducing which is favorable to the reductive 
biodegradation of TCE and its daughter products. 
 
 
3.2.2 SUBSURFACE SOIL 

Subsurface soil analytical data summaries are presented in Tables 3.7 through 3.12.  The 
locations from which subsurface soil samples were collected are shown on Figure 3.10.  
The subsurface soil analytical data have been compared to the NYSDEC recommended 
soil cleanup objectives and to the data obtained from analysis of a sample collected from 
a background location (GP-7).  Reported concentrations exceeding both the soil cleanup 
objectives and background concentrations are highlighted in Tables 3.7 through 3.12.  
Review of the data shows the following: 
 
i) VOCs, primarily TCE and VC, are present in subsurface soil at concentrations 

exceeding the soil cleanup objectives within the former Barge Turnaround and 
beneath and adjacent to the manufacturing building; 

ii) SVOCs and pesticides are present at concentrations exceeding the soil cleanup 
objectives in background soils; 

iii) SVOCs were not detected in Site subsurface soils at concentrations exceeding both 
the soil cleanup objectives and background concentrations; 

iv) pesticides were not detected in Site subsurface soils at concentrations exceeding 
the soil cleanup objectives; 

v) PCBs were not detected in any subsurface soils sample; and 

vi) metals detected in subsurface soil samples at concentrations exceeding both 
background concentrations and soil cleanup objectives are primarily calcium, 
magnesium, manganese, nickel, and potassium.  Aluminum, beryllium, 
chromium, iron, and vanadium were each detected at concentrations exceeding 
both the background concentrations and soil cleanup objectives in a single sample 
located south of the southern Site boundary (GP-39). 

 
Generally, subsurface soils selected for chemical analyses were those exhibiting elevated 
organic vapor screening values.  Review of the stratigraphic logs presented in 
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Appendices B and C of the RI Report and Appendices A and B of the SGI Report shows 
that, with the exception of the sample collected from SB-6B, the depth intervals of 
samples selected for analyses from locations outside the manufacturing building were 
below the water table elevation.  Thus, the samples were saturated and the analytical 
results are deemed most reflective of the presence of impacted groundwater.  
Stratigraphic logs are not available for the sampling conducted below the slab of the 
manufacturing building.  However, if it is assumed that the water table is approximately 
8 feet below ground surface (bgs) or higher, as indicated by the logs from the RI, it is 
apparent that the highest concentrations of VOCs in sub-slab soils were also detected in 
samples that are also most likely saturated (SSB-7 and SSB-8). 
 
The potential exposure pathway to subsurface soil is for short-term direct contact with 
VOC-impacted soils by workers conducting subsurface construction-related activities. 
 
 
3.2.3 SURFACE WATER 

Surface water analytical data summaries are presented in Tables 3.13 through 3.18.  The 
locations from which surface water samples were collected are shown on Figure 3.13.  As 
can be seen on the figure, the samples were collected from the former Barge Turnaround 
west of the manufacturing building and from the drainage swale along the southern 
boundary of the Site. 
 
Neither the former Barge Turnaround nor the drainage swale are classified streams.  
These features function to collect surface water runoff and are intermittently dry.  For 
screening purposes, the surface water analytical data have been compared to the 
regulatory standards for Class C fresh surface waters.  Other than mercury, there are no 
Class C standards for human exposure to metals in surface waters; therefore, to present a 
conservative evaluation of the presence of metals in surface water, the analytical data 
have been compared to aquatic standards.  Concentrations of analytes exceeding the 
Class C surface water criteria are highlighted in Tables 3.13 through 3.18.  The locations 
of the exceedances are shown on Figure 3.13.  Review of the data shows the following: 
 
i) VOCs and SVOCs were detected in background/upgradient surface water 

samples, however, no concentration exceeded the Class C surface water 
standards; 

ii) concentrations of VOCs and SVOCs detected in surface water discharging from 
the 48-inch drainage pipe which traverses the southern portion of the Site in the 
east-west direction and passes through the filled portion of the Old Erie Canal 
were all below the Class C surface water standards.  Therefore, discharge from 
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this drainage pipe is not a continuing source of chemicals to surface or ground 
waters; 

iii) tetrachloroethene (PCE) and TCE were detected in surface water samples located 
near catchbasin CB-3 at concentrations exceeding the Class C surface water 
standards.  Other VOCs, including cis-1,2-DCE, VC, and SVOCs were also 
detected in these samples; however, the other compounds detected either do not 
have published standards or were detected at very low concentrations.  CB-3 and 
its contributing lines were abandoned as an IRM completed in November 2003 
and, therefore, are no longer potential continuing sources of chemicals to surface 
or ground waters; 

iv) VOCs were not detected at concentrations exceeding the Class C surface water 
standards in samples collected from the drainage swale west (downstream) of the 
Site (no sample for SVOCs was collected); 

v) no PCBs or pesticides were detected in any surface water samples collected 
during the investigations; and 

vi) aluminum and lead were detected at concentrations exceeding both background 
and the Class C surface water standards only in the samples collected at the 
confluence of the former Barge Turnaround and the Old Erie Canal, near CB-3. 

 
As defined in 6 New York Code of Rules and Regulations (NYCRR) Part 701.8, "The best 
usage of Class C waters is fishing.  These waters shall be suitable for fish propagation and 
survival.  The water quality shall be suitable for primary and secondary recreation, 
although other factors may limit the use for these purposes."  As stated previously, the 
surface water samples were all collected from the Barge Turnaround or from the drainage 
swale.  Neither of these areas would be suitable for uses defined for a Class C stream.  A 
walking path crossing the former Barge Turnaround has been built over the filled Old 
Erie Canal.  It is possible that trespassers or persons or pets leaving the walking path 
could enter the former Barge Turnaround.  Therefore, the potential pathways for 
exposure to impacted surface water are: 
 
i) direct contact to workers in the former Barge Turnaround area near CB-3; 

ii) direct contact to trespassers entering the former Barge Turnaround area near 
CB-3; and/or 

iii) direct contact to individuals leaving the walking path and entering the former 
Barge Turnaround area near CB-3. 
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3.2.4 SURFACE SOIL 

Surface soil analytical data summaries are presented in Tables 3.19 through 3.24.  The 
locations from which surface soil samples were collected are shown on Figure 3.13.  As 
can be seen on the figure, the samples were collected from the former Barge Turnaround 
west of the manufacturing building and from the drainage swale along the southern 
boundary of the Site at the locations from which surface water samples were collected. 
 
Specific information regarding surface soil sample depths was not provided in the RI 
Report.  However, the RI/FS Work Plan described the soils to be sampled as "surface".  
The potential pathways for exposure to impacted surface soils are: 
 
i) direct contact to workers in the former Barge Turnaround area near CB-3; 

ii) direct contact to trespassers entering the former Barge Turnaround area near 
CB-3; and/or 

iii) direct contact to individuals leaving the walking path and entering the former 
Barge Turnaround area near CB-3. 

 
The surface soil analytical data have been compared to the NYSDEC-recommended soil 
cleanup objectives.  Reported concentrations exceeding both the Site background as 
defined by the data from locations SED-1 and SED-2 and the soil cleanup objectives are 
highlighted in Tables 3.19 through 3.24 and on Figure 3.13.  Review of the data shows the 
following: 
 
i) VOCs were not detected at concentrations exceeding the soil cleanup objectives at 

any location; 

ii) no detected concentrations of PCBs or pesticides in surface soil samples exceeded 
the soil cleanup objectives; 

iii) SVOCs were detected in background/upgradient surface soil samples at 
concentrations exceeding the soil cleanup objectives; 

iv) a number of SVOCs were detected in surface soil samples from the area of CB-3 at 
concentrations which exceeded both the background concentrations and soil 
cleanup objectives; 

v) with the exception of benzo(a)anthracene, which was detected at a concentration 
slightly higher than background (2,200 micrograms per kilogram [µg/Kg] versus 
2,100 µg/Kg) in the surface soil sample collected at the most downgradient 
location (SED-10), SVOCs were not detected in surface soil samples collected from 
any locations other than those near CB-3; and 
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vi) metals were detected in all surface soil samples at concentrations exceeding both 
background and the soil cleanup objectives. 

 
 
3.2.5 SUB-SLAB SOIL GAS 

Soil gas samples were collected from beneath the floor slab of the manufacturing building 
at the locations shown on Figure 3.14.  The sub-slab soil gas analytical results are 
presented in Table 3.25 and summarized on Figure 3.14.  Review of the data shows the 
following: 
 
i) TCE was detected in all sub-slab soil gas samples; and 

ii) other VOCs, including 1,2-DCE, were also detected in the soil gas samples. 

 
As stated in the NYSDOH "Guidance for Evaluating Soil Vapor Intrusion in the State of 
New York" (Public Comment Draft, February 2005), NYS currently does not have any 
standards, criteria, or guidance values for concentrations of compounds in subsurface 
vapors for use in comparison to the Site data.  NYSDOH has developed air guideline 
values for a limited number of compounds as stipulated in the above-referenced 
document.  All detected concentrations of TCE in sub-slab soil gas samples exceed the 
NYSDOH guideline value of 5 micrograms per cubic meter (µg/m3). 
 
The potential exposure pathway of sub-slab soil gas to indoor air and subsequent 
inhalation has been carried forward for evaluation in this FS. 
 
To aid in the evaluation of potential remedial technologies to address the intrusion of 
sub-slab soil gas into the indoor air of the manufacturing building, a building survey, 
visual inspection, and sub-slab diagnostic communication testing were performed.  The 
results of this investigative work was reported to NYSDEC in the "Remedial Investigation 
Addendum No. 1 Report" prepared by OBG for P-H and GE and dated May 13, 2005.  
Copies of the portions of the report presenting the results of these investigations are 
presented in Appendix F. 
 
 
3.3 GROUNDWATER MIGRATION 

PATHWAYS AND RECEPTORS 

The Site investigations have shown that groundwater has been impacted by previous Site 
activities.  Groundwater flow beneath the Site is primarily westward toward the glacial 
channel.  Once the shallow unconsolidated unit groundwater reaches the glacial channel, 
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flow is directed south, along the axis of the channel, due to the presence of very 
permeable material within the channel.  The groundwater in the shallow unconsolidated 
unit within the channel flows toward the Clyde River. 
 
The shallow unconsolidated unit is separated from the bedrock over most of the Site by a 
low hydraulic conductivity, dense till unit.  Where present, this till unit mitigates 
potential groundwater and chemical migration to the bedrock.  The only area where 
impacted groundwater in the unconsolidated unit is in connection with the bedrock is 
within the glacial channel.  Here the stratigraphic logs indicate that the till unit has been 
eroded and the glaciofluvial deposits likely rest on the bedrock surface.  The hydraulic 
connection between the unconsolidated unit and the bedrock has been confirmed by the 
presence of chemicals of concern in the shallow bedrock at monitoring well locations 
MW-4B and MW-6B. 
 
The limit of chemical presence in shallow bedrock groundwater has been defined by 
monitoring wells MW-7B, MW-5B, MW-3B, and MW-2B located around the perimeter of 
the Site to the west and east, by wells MW-10B, MW-11B, and MW-12B, located on the 
south side of the Clyde River, and by MW-4C located adjacent to MW-4B in the deeper 
bedrock.  Chemical data from groundwater monitoring wells confirm that the process of 
natural attenuation in the bedrock is effective in limiting the migration of residual 
chemicals in groundwater. 
 
Chemicals of concern within the shallow unconsolidated unit may also migrate through 
the vadose zone to indoor or ambient air.  Currently, only the Site buildings are located 
over shallow groundwater exhibiting chemical presence.  There is little potential for 
future building development in the former Barge Turnaround. 
 
An important aspect of the FS is to include consideration of the current and future 
receptors of chemicals of concern in the groundwater.  The Site and the Village of Clyde 
are serviced by a municipal water supply.  The water source for this supply is a well 
located approximately 4 miles northwest and hydraulically upgradient of the Site.  Thus, 
the Site cannot impact the source water.  Given the availability of the municipal water 
supply system, there is little probability of the future use of Site groundwater for potable 
purposes.  The future use of groundwater on the Site can be restricted through deed 
restrictions preventing future use of groundwater beneath the properties. 
 
An inventory of residential wells was conducted during the RI.  This inventory noted that 
there were seven wells within a 1/2-mile radius of the Site.  Three of the seven wells are 
currently used for potable purposes, although municipal water is available.  The three 
residential wells in use are located north and west of the Site as shown on Figure 3.15.  
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Thus, there are no current users of groundwater located hydraulically downgradient of 
the Site.  There are currently no regional restrictions on the use of groundwater for 
potable or other water needs.  Therefore, there is potential for future use of groundwater 
as a water supply source in areas hydraulically downgradient of the Site. 
 
In summary, the primary receptors of chemicals of concern in the shallow unconsolidated 
unit groundwater are: 
 
i) the Clyde River; 

ii) the Shallow Bedrock aquifer; and 

iii) ambient and indoor air. 
 
 
3.4 SUMMARY OF THE NATURE AND EXTENT OF 

CONTAMINATION AND POTENTIAL 
EXPOSURE PATHWAYS  

The results of the Site investigations indicate that the primary media of concern is 
groundwater.  Subsurface soil exhibits chemical presence at concentrations exceeding the 
NYSDEC soil cleanup objectives only in samples collected from below the water table.  
Therefore, remedial actions addressing groundwater will also address chemical presence 
in subsurface soil.  Surface water exhibited chemical concentrations exceeding the Class C 
surface water quality standards during the sampling conducted for the RI.  An IRM 
consisting of the abandonment of CB-3 and contributing laterals was completed in 
November 2003.  The IRM has mitigated the potential impact of surface water at the Site 
and, therefore, surface water has been eliminated as a media of concern in this FS. 
 
SVOCs and metals were detected in surface soil samples at concentrations exceeding both 
the NYSDEC soil cleanup objectives and Site background.  Given the 
industrial/commercial usage of the area in general and the nearby location of a railroad 
right-of-way, these constituents are ubiquitous in this area. Nonetheless, surface soil has 
been carried forward for evaluation in the FS. 
 
The following summarizes the compounds of concern (COCs) and potential exposure 
pathways identified through the completion of the RI: 
 
i) Groundwater 

• COCs – VOCs 
• Potential Exposure Pathways – worker or resident ingestion, inhalation, 

and/or direct contact; 
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ii) Surface Soil 
• COCs – SVOCs and metals 
• Potential Exposure Pathways - worker or trespasser direct contact; and 

iii) Sub-Slab Soil Gas 
• COCs – VOCs 
• Potential Exposure Pathways – worker inhalation of indoor air. 

 
 
3.5 TREATABILITY STUDIES 

Bench scale laboratory treatability studies have been conducted to gather the data 
necessary for evaluations of in situ chemical oxidation (ISCO) and enhanced 
biodegradation as remedial alternatives for Site groundwater.  In addition, an evaluation 
of monitored natural attenuation (MNA) as a remedial Alternative for the Site was 
performed in accordance with USEPA guidance.  Summaries of the results of the studies 
and evaluation are presented in the following subsections. 
 
 
3.5.1 ENHANCED BIODEGRADATION 

A microcosm study was designed and conducted to determine whether the complete 
reductive dechlorination of TCE to ethene could be stimulated at the Site.  The results of 
the study are summarized as follows: 
 
i) Enhanced bioremediation is a feasible remedial option at this Site.  All of the 

electron donors supported complete reductive dechlorination of TCE to ethene 
within the course of the experiment.  The addition of electron donors promoted a 
two to three fold increase in the overall biodegradation rate over the comparable 
unamended control.  TCE was biodegraded very rapidly in all the amended 
bottles.  Lactate, chitin, and soybean oil promoted the fastest biodegradation of 
cis-DCE.  Chitin and soybean oil promoted the fastest biodegradation of VC.  In 
these cases, VC was biodegraded almost as fast as it was formed, so that very little 
was measured in the bottles.  The choice of electron donor for use in a potential 
field application would depend on site conditions and stratigraphy. 

ii) Complete reductive dechlorination of TCE to ethene was observed in both the 
unamended controls at both concentration levels.  It is unusual to observe this 
level of activity at such a high TCE concentration and indicates robust intrinsic 
biological activity is currently operative at the site.  This suggests that monitored 
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natural attenuation should be an important part of the remedial strategy at this 
Site. 

iii) The addition of supplemental nutrients did not have a substantial positive effect 
on the rate or extent of TCE dechlorination.  Bioaugmentation also did not have a 
significant effect on the results observed.  These results indicate that neither 
supplemental nutrients nor bacteria would be required to promote the rapid 
biodegradation of TCE at this Site. 

 
The complete report of the microcosm studies is presented in Appendix B. 
 
 
3.5.2 IN SITU CHEMICAL OXIDATION 

Bench scale treatability studies utilizing potassium permanganate, Fenton's Reagent, and 
sodium persulfate as oxidizing agents for VOCs in Site groundwater were conducted.  
The tests included treatability of groundwater samples as well as quantification of the 
natural oxidant demand of the site soils.  The results of the studies are summarized as 
follows: 
 
i) the natural oxidant demand of Site soils is high, which is likely due to the 

presence of petroleum hydrocarbons and natural organic matter.  It was 
concluded that the natural oxidant demand (NOD) of the Site soil is too high for 
the use of ISCO alone to be a cost-effective treatment; and 

ii) Fenton's reagent was the recommended oxidant if ISCO is included in the final 
remedy. 

 
The complete report of the ISCO treatability studies is presented in Appendix C. 
 
 
3.5.3 MONITORED NATURAL ATTENUATION 

An evaluation of MNA was conducted in association with the performance of the FS for 
the Site.  The MNA evaluation was completed to determine the subsurface geochemical 
conditions and evaluate the significance of biodegradation of chlorinated volatile organic 
compounds (CVOCs) in groundwater at and in the vicinity of the Site as a result of 
naturally occurring biological activity.  The findings were utilized to support the 
conclusions of the FS and selection of remedial technologies. 
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The MNA evaluation was performed in accordance with the protocols outlined in the 
USEPA documents entitled "Use of Monitored Natural Attenuation at Superfund, RCRA 
Corrective Action, and Underground Storage Tank Sites" (USEPA OSWER 
Directive 9200.4-17P, April 1999) and "Technical Protocol for Evaluating Natural Attenuation 
of Chlorinated Solvents in Ground Water" (USEPA, September 1998).  During the MNA 
evaluation groundwater samples were collected and analyzed and the results were 
evaluated for the following evidence or indicators of natural biological activity in 
groundwater: 
 
i) CVOC concentrations over time and space; 

ii) geochemical parameters that indicate strong reducing conditions; 

iii) presence of CVOC daughter products; 

iv) microbial evidence of biodegradation potential; and 

v) estimation of chemical mass destroyed by biodegradation. 
 
Results of the MNA analysis are summarized as follows: 
 
i) there is insufficient data to conduct a meaningful analysis of CVOC 

concentrations over time; 

ii) geochemical parameters collected from groundwater indicate that the overburden 
and bedrock aquifers at the Site are reducing.  These geochemical conditions are 
favorable for the reductive biodegradation of TCE, cis-DCE, and VC; 

iii) with a few exceptions, the parent compound TCE is much diminished at the Site 
relative to its reductive chlorination daughter products cis-DCE, VC, and 
ethene/ethane.  In some cases, TCE made up less than 1 percent of the total VOCs 
in the groundwater.  This indicates that reductive dechlorination is highly 
advanced in the most highly contaminated areas of the Site.  This is supported by 
the presence of ethane and ethene at those locations, indicating that the 
dechlorination is proceeding all the way to non-hazardous end products; 

iv) benzene, toluene, ethylbenzene, and xylene (BTEX) compounds are also present in 
the former Barge Turnaround, suggesting that BTEX may be an important 
electron donor in supporting the reductive dechlorination of TCE and its 
daughter products.  However, given the swampy nature of the area, natural 
dissolved organic carbon (DOC) in the form of humic materials is also present and 
will likely contribute to the support of reductive dechlorination; and 

vi) substantial natural biodegradation by reductive dechlorination is occurring at 
Site.  Calculations based on chloride concentrations and groundwater flux 
through the bioactive zone suggest that 500 to 5,000 pounds per year (lbs/yr) of 
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TCE are being destroyed due to ongoing biodegradation processes.  This may be a 
conservative estimate.  This analysis, coupled with the stable migration of 
groundwater and lack of groundwater use in the area  indicate that the CVOCs 
are attenuating rapidly and sufficiently such that there is no threat to 
groundwater users. 
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4.0 REMEDIAL GOALS AND REMEDIAL ACTION OBJECTIVES 

4.1 POTENTIAL STANDARDS, CRITERIA, AND GUIDELINES 

4.1.1 TYPES AND APPLICABILITY 

Applicable or relevant and appropriate Standards, Criteria, and Guidelines (SCGs) are 
used to develop remedial action objectives (RAOs) and to scope and formulate remedial 
action technologies and alternatives.  SCGs may include Federal Applicable or Relevant 
and Appropriate Requirements (ARARs) or standards if they are more stringent than 
State standards.  SCGs are categorized as: 
 
i) chemical-specific requirements that define acceptable exposure levels and may, 

therefore, be used in establishing preliminary remediation goals; 

ii) location-specific requirements that may set restrictions on activities without 
specific locations, such as floodplains or wetlands; and/or 

iii) action-specific requirements which may set controls or restrictions for particular 
treatment and disposal activities related to the management of hazardous wastes. 

 
Potential SCGs are described in the following subsections. 
 
 
4.1.1.1 CHEMICAL-SPECIFIC SCGs 

Chemical-specific SCGs define health- or risk-based concentration limits in various 
environmental media for hazardous substances and contaminants.  Concentration limits 
provide protective cleanup levels or may be used as a basis for estimating appropriate 
cleanup levels for the COCs in the designated media.  Chemical-specific SCGs may be 
used to determine treatment system discharge requirements or disposal restrictions for 
remedial activities and/or to assess the effectiveness or suitability of a remedial 
alternative.  Chemical-specific SCGs are generally promulgated standards or other 
ARARs.  Applicable or relevant and appropriate guidance values may be appropriate 
where a promulgated standard for a particular substance is not available. 
 
Potential chemical-specific SCGs that may apply to groundwater, surface soil, and air at 
the Site are described in the subsections that follow. 
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4.1.1.1.1 GROUNDWATER 

For the purpose of this FS, Site groundwater will be considered Class GA.  Class GA 
groundwater pertains to fresh groundwater found in the saturated zone of 
unconsolidated deposits and bedrock.  The best usage of Class GA groundwater is a 
source of potable water supply; however, Site groundwater is not used as a drinking 
water source.  The NYS water quality standards and guidance values for Class GA 
groundwater are stipulated in: 
 
i) New York Water Classifications and Quality Standards (6 NYCRR Parts 609, and 

700-704); and 

ii) Technical and Operation Guidance Standards (TOGS) 1.1.1, Ambient Water 
Quality Standards and Guidance Values dated October 22, 1993 (reissued June 
1998). 

 
The Class GA groundwater SCGs for VOCs detected in Site groundwater at 
concentrations exceeding standards are presented in Table 4.1. 
 
 
4.1.1.1.2 SURFACE SOIL 

For the purpose of the FS and the potential exposure scenarios described in Section 3.2.4, 
potential chemical-specific SCGs for surface soils consist of the NYSDEC recommended 
soil cleanup objectives.  The NYSDEC recommended soil cleanup objectives are 
stipulated in Technical and Administrative Guidance Memoranda (TAGM) 4046, 
Determination of Soil Cleanup Objectives and Cleanup Levels dated January 24, 1994.  
The SCGs for the chemical compounds detected in Site surface soils at concentrations 
exceeding standards are presented in Table 4.2. 
 
 
4.1.1.1.3 SUB-SLAB SOIL GAS 

As stated in the NYSDOH "Guidance for Evaluating Soil Vapor Intrusion in the State of 
New York" (Public Comment Draft, February 2005), NYS currently does not have any 
standards, criteria, or guidance values for concentrations of compounds in subsurface 
vapors for use in comparison of the Site data.  NYSDOH has developed air guideline 
values for a limited number of compounds as stipulated in the above-referenced 
document.  For the purpose of this FS, these guideline values are considered to be SCGs. 
 
NYS Ambient Air Criteria may be applicable to specific remedial alternatives. 
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The air SCGs for the constituents detected in Site groundwater and sub-slab soil gas are 
presented in Table 4.3. 
 
 
4.1.1.2 ACTION-SPECIFIC SCGs 

Action-specific SCGs are determined by the particular remedial activities that are selected 
for the Site cleanup.  Action-specific requirements establish controls or restrictions on the 
design, implementation, and performance of remedial activities.  Following the 
development of remedial alternatives, action-specific SCGs that specify performance 
levels, actions, technologies, or specific levels for discharged or residual chemicals 
provide a means for assessing the feasibility and effectiveness of the remedial activities. 
 
The action-specific SCGs that may be applicable to potential Site remedial technologies 
are presented in Table 4.4. 
 
 
4.1.1.3 LOCATION-SPECIFIC SCGs 

Potential location-specific SCGs are requirements that set restrictions on activities 
depending on the physical and environmental characteristics of the Site or its immediate 
surroundings. 
 
The Site is bounded by commercial, residential, and undeveloped properties.  The Fish 
and Wildlife Impact Analysis, provided as Appendix R to the RI Report, has 
demonstrated that there are no identified rare, threatened or endangered species, habitats 
of concern, or freshwater wetlands within a 1/2-mile radius of the Site. 
 
Potential location-specific SCGs that may be applicable to potential Site remedial 
technologies are the Village of Clyde zoning ordinances and building codes. 
 
 
4.2 REMEDIAL ACTION GOALS AND OBJECTIVES 

4.2.1 REMEDIAL ACTION GOALS 

The primary goals of any remedial action are that: 
 
i) it be protective of human health and the environment; 
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ii) it maintains protection over time; and 

iii) it minimizes untreated waste (NCP). 
 
The remedy selection process will be performed in a manner consistent with the 
NYSDEC approved RI/FS Work Plan, the USEPA guidance document "Guidance for 
Conducting Remedial Investigations and Feasibility Studies under CERCLA" dated 
October 1988 (USEPA Guidance), NYSDEC "TAGM HWR-90-4030: Selection of Remedial 
Actions at Inactive Hazardous Waste Sites", dated May 15, 1990 (NYSDEC TAGM), and 
any other appropriate USEPA and NYSDEC technical and administrative documents. 
 
 
4.2.2 REMEDIAL ACTION OBJECTIVES 

The USEPA Guidance states "Remedial action objectives consist of medium-specific or 
operable-unit specific goals for protecting human health and the environment.  The objectives 
should be as specific as possible but not so specific that the range of alternatives that can be 
developed is unduly limited."  RAOs established for the protection of human health and the 
environment should specify: 
 
i) the contaminants and media of concern; 

ii) the exposure routes and receptors; and 

iii) an acceptable contaminant level or range of levels for each exposure route. 
 
Based on the results of the RI and the implementation of the IRM, the remedial actions 
evaluated for the Site in this FS address on-Site groundwater, surface soil, and soil gas 
impacted by COCs.  The following RAOs have been established for Site media: 
 
i) to eliminate or mitigate all significant threats to the public health and to the 

environment presented by the disposal or release of hazardous waste at the Site; 

ii) to prevent unacceptable exposure of human receptors to VOCs detected in Site 
groundwater, VOCs detected in soil gas, and SVOCs and metals in surface soil; 

iii) to address groundwater impacts to the extent practicable so that Site groundwater 
conditions are consistent with the contemplated use of the Site as a 
commercial/industrial manufacturing facility; 

iv) to prevent or mitigate, to the extent practicable, the migration of impacted 
groundwater to off-Site areas; and 

v) to monitor the groundwater to confirm that the selected remedy is protective of 
human health and the environment. 
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5.0 GENERAL RESPONSE ACTIONS AND 
IDENTIFICATION OF REMEDIAL TECHNOLOGIES 

General response actions are remedial approaches encompassing those actions that will 
satisfy the RAOs.  General response actions may include treatment, containment, 
excavation, disposal, institutional controls, or a combination of these, if required, to 
address varied Site environmental problems and to be effective in meeting all of the 
RAOs.  The general response actions and remedial technologies evaluated for each 
medium of concern at the Site are described in the following subsections and listed in 
Table 5.1. 
 
 
5.1 GROUNDWATER 

5.1.1 NO ACTION 

The No Action response is primarily used as a basis for comparison with other 
alternatives.  Under the No Action response, no remedial measures are taken to improve 
environmental conditions at the Site.  This response does not reduce the volume, 
mobility, or toxicity of the hazardous constituents of the Site media beyond the 
reductions which are achieved through the ongoing natural attenuation mechanisms 
discussed in Section 3. 
 
In the case of the Site, the No Action Alternative includes the institutional controls 
already in place.  These institutional controls include: 
 
i) fencing restricting unauthorized access to the P-H property; 

ii) security procedures for access to the P-H property; and 

iii) health and safety procedures for worker protection when conducting subsurface 
construction in areas within the limit of chemical presence in groundwater. 

 
In addition, public water is available to the Site and the surrounding properties. 
 
 
5.1.2 INSTITUTIONAL CONTROL 

The institutional control response is not intended to reduce the toxicity, mobility, or 
volume of hazardous site constituents but to reduce the potential for human and wildlife 
exposure to those constituents.  Institutional controls may include controls to restrict or 
limit the use of the Site or the contaminated media until such time that it is restored to 
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acceptable quality consistent with the intended land use, implementation of a long-term 
monitoring program to track contaminant migration and transport, and/or development 
of protective work procedures to reduce the potential for exposure of workers to Site 
contaminants during ground intrusive construction activities.  At the Site, this may be an 
additional layer of protection over what currently exists, or an assurance that if P-H stops 
activities at the site, any controls will remain in place. 
 
 
5.1.3 MONITORED NATURAL ATTENUATION 

Natural attenuation refers to natural subsurface processes that reduce VOC 
concentrations.  Natural attenuation can be sufficiently protective of human health and 
the environment and can be more cost-effective than other remedial alternatives.  
Biodegradation, which has been demonstrated to be active at the Site as described in 
Section 3, is the most important natural in situ destructive mechanism.  Non-destructive 
natural mechanisms include sorption, dispersion, dilution, and volatilization. 
 
The MNA evaluation presented in Appendix D and summarized in Section 3, 
demonstrates that MNA can be implemented successfully at the Site. 
 
MNA includes long-term groundwater monitoring at and downgradient of the Site until 
VOC concentrations are deemed acceptable relative to applicable standards and intended 
Site use. 
 
 
5.1.4 IN SITU GROUNDWATER TREATMENT 

The in situ groundwater treatment technologies identified as potentially applicable at the 
Site are ISCO, air sparging, enhanced biological degradation, permeable reactive barrier, 
and in-well air stripping.  Each of these technologies is described in detail in the 
following subsections. 
 
Groundwater monitoring will be included in the Operation and Maintenance Plan (O&M 
Plan) of any in situ groundwater treatment alternative. 
 
 
5.1.4.1 CHEMICAL OXIDATION 

ISCO uses an oxidizing agent to convert the target compounds into non-hazardous or less 
toxic compounds, primarily carbon dioxide, water, and chloride. 
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Because any chemical oxidant is short-lived in the subsurface, the effectiveness of 
chemical oxidants as a treatment technology depends greatly on the ability to quickly 
disperse the oxidant throughout the treatment area.  The shallow overburden unit at the 
Site consists of a mixture of till, silt and sand.  The hydraulic conductivity of the shallow 
overburden is generally low (geometric mean of 4.8 ft/day), corresponding to silt or silty 
sand.  A low hydraulic conductivity means that the radius of treatment around each 
injection point will be relatively small, requiring more numerous injection points 
compared to the longer-lived bioremediation amendments. 
 
Once in the subsurface, the chemical oxidant will react with the compounds of concern 
and any naturally occurring material this is oxidizable (e.g., natural organic material, iron 
coatings).  The treatability testing described in Section 3.5 determined that the NOD of 
the unconsolidated material is high.  This means that additional oxidant will be required 
to treat the groundwater because a significant portion of the oxidant will be consumed by 
naturally-occurring material. 
 
Fenton's Reagent, potassium permanganate (KMnO4), and ozone are the most commonly 
used oxidants.  Sodium persulfate is emerging as a promising oxidizing reagent but is 
still in the developmental stage.  The following paragraphs present the preliminary 
screening of each of these oxidants. 
 
Fenton's Reagent 
 
Based on the microcosm tests performed during the treatability study, Fenton's reagent 
was identified as being the most effective oxidant in treating the VOCs in the soil.  
However, the use of Fenton's reagent can cause off-gassing of oxygen to the surface.  This 
is a serious safety concern at this Facility because of the presence of open flames in the 
building above the proposed injection area.  The use of Fenton's reagent can also result in 
excess heat and in rare cases, possibly explosion.  Due to these safety concerns, Fenton's 
reagent will not be considered further. 
 
KMnO4 

 
KMnO4 is generally preferred because it is easier and safer to handle than Fenton's 
Reagent.  The application involves simple methods and does not require the 
sophisticated equipment used in ozone treatment.  However, the treatability testing 
presented in Appendix C indicated that KMnO4 was not effective in treating many VOCs 
in the soil samples.  This was likely due to interference because of the presence of 
petroleum hydrocarbon.  Therefore, KMnO4 will not be considered further. 
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Sodium Persulfate 
 
Sodium persulfate was identified as being as effective as Fenton's reagent in treating 
VOCs.  However, sodium persulfate requires a catalyst to be effective, and the catalyst 
generally used is hydrogen peroxide.  The use of hydrogen peroxide will result in the 
production and off-gassing of oxygen, which is a health and safety concern because of the 
presence of open flames in the facility.  Therefore, sodium persulfate will not be 
considered further. 
 
Ozone 
 
Ozone injection includes the same health and safety concerns as Fenton's reagent, due to 
the gas production and potential oxygen release during its use.  Therefore ozone will not 
be considered further. 
 
Each of the chemical oxidants evaluated has been eliminated from consideration due to 
the results of treatability tests or safety concerns resulting from injection beneath the 
facility.  Therefore, ISCO will not be considered further as a remedy. 
 
 
5.1.4.2 PERMEABLE REACTIVE BARRIER 

A permeable reactive barrier (PRB) consists of a barrier wall installed across the flow path 
of impacted groundwater.  Groundwater passes through the wall and the target 
compounds are either degraded or retained in a concentrated form by the barrier 
material.  This method of treatment results in either permanent containment of or 
decreased volume of chemicals in groundwater passing through the wall.  To address the 
Site groundwater COCs, the reactive barrier material may consist of zero-valent iron. 
 
A PRB may be modified to involve a funnel-and-gate system.  For treatment of 
groundwater, the funnel-and-gate system consists of low permeable cutoff walls (the 
funnel) and higher conductivity reaction zones (the gate). 
 
Metals precipitation/biofouling is a cause of concern with a PRB, particularly in the 
presence of elevated calcium and magnesium concentrations.  Metal precipitation within 
the barrier wall causes gradual loss of permeability and deterioration in the treatment 
performance.  Over extended treatment times, the reactive media loses its treatment 
capacity and may need to be replaced. 
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5.1.4.3 REDUCTIVE DECHLORINATION 

Reductive dechlorination utilizing nano-scale zero valent iron has been shown to be 
effective in treating a wide range of chemical compounds including chlorinated organic 
solvents.  Nano-scale particles are of small size and large surface area.  They have 
crystalline lattice structures and their size varies around 10-9 meters.  Nano-particles can 
be injected in solution under pressure or by gravity into the groundwater aquifer. 
 
Nano-scale iron particles are not affected by soil acidity, temperature, or nutrient levels.  
Zero valent iron has been shown to promote favorable redox conditions and served as an 
electron donor for microbes in reductive dechlorination of chlorinated solvents.  
Emulsified zero-valent iron has been utilized to remediate dense non-aqueous phase 
liquid (DNAPL). 
 
The potential benefits of nano-scale zero valent iron injection include reduced treatment 
time and cost when compared to traditional pump-and-treat systems.  However, there is 
potential for matrix effects that can limit the treatment ability of this technology.  Due to 
the heavy weight of the nano-iron, distribution over distances of greater than 5 feet is 
difficult; thus, application of this technology is most appropriate in hotspot areas.  
Applications of this technology have been limited; therefore, sufficient information as to 
its effectiveness is not readily available for assessment of the uncertainties. 
 
 
5.1.4.4 ENHANCED BIODEGRADATION 

Biological degradation is a treatment process whereby contaminants are metabolized into 
less toxic or non-toxic compounds by naturally occurring microorganisms.  In the case of 
the Site COCs, the microorganisms utilize the contaminants for cellular respiration.  The 
by-products are mainly carbon dioxide, ethane, ethene, chloride, and water.  Biological 
degradation can be enhanced through the addition of nutrients and carbon/energy 
sources. 
 
Techniques that may be applied to enhance the biodegradation of the Site groundwater 
COCs include injection of co-substrates such as molasses, lactate, chitin, or soybean oil to 
enhance the rate of reductive dechlorination of TCE and its daughter products currently 
occurring at the Site. 
 
A Site-specific laboratory microcosm study was conducted to evaluate biodegradation 
and enhancement as a potential remedial technology for Site groundwater.  The results of 
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the study, which are presented in Appendix B and summarized in Section 3, 
demonstrated that enhanced biodegradation through nutrient enhancement is a feasible 
remedial option for the Site. 
 
 
5.1.4.5 AIR SPARGING 

Air sparging is accomplished by introduction of air into the groundwater below the level 
of contamination where it percolates into the groundwater.  The air increases the 
partitioning of dissolved and adsorbed phase VOCs to the vapor phase and into bubbles.  
The bubbles ideally travel to the top of the water table at a 45° angle, but the actual flow 
path may vary depending on aquifer heterogeneity, groundwater flow conditions, and 
sparge pressure.  Once the air bubbles reach the vadose zone, the VOCs are removed 
through soil vapor extraction (SVE).  In some cases, direct venting through the vadose 
zone offers sufficient treatment of the vapors.  Following extraction, soil vapors are 
treated and/or vented to the atmosphere. 
 
For enhancement, sparging can be conducted using steam.  However, this is generally 
applied for removal of SVOCs or fuels and not for VOC removal. 
 
The zone of influence of air sparging wells increases with the depth of groundwater table, 
using this system in shallow groundwater such as at the Site would likely require 
installation of wells at narrow spacing. 
 
Given the Site's anaerobic conditions, which promote biodegradation of chemicals in 
groundwater, implementation of air sparging at the Site would inhibit the natural 
attenuation processes, which are actively dechlorinating COCs in Site groundwater. 
 
 
5.1.4.6 IN-WELL AIR STRIPPING 

In-well air stripping combines air sparging with water circulation.  This combination of 
processes results in more efficient stripping of chemicals than through air sparging alone.  
For in-well air stripping, double-screened wells are constructed with the lower screen 
installed within the saturated zone and the upper screen installed in the unsaturated 
zone.  During in-well air stripping, pressurized air is injected into a double-screened well 
below the water table, lifting the water in the well and forcing it out the upper screen.  
Simultaneously, additional water is drawn into the lower screen.  The aeration of the 
water within the lower well screen increases the partitioning of dissolved and adsorbed 
phase VOCs to the vapor phase and into bubbles which rise in the well to the water 
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surface where vapors are drawn off and treated and/or discharged by an SVE system.  
Modifications to the basic in-well stripping process may involve injection of additives 
(e.g., nutrients) into the stripping well to enhance biodegradation. 
 
Groundwater is not extracted in this type of system.  Therefore, pumping and treatment 
costs may be reduced. 
 
Complete definition of the extent of chemical presence in groundwater is required prior 
to the installation of a circulating well system to prevent expansion of chemical presence 
in the groundwater regime.  In addition, fouling of the circulating system may occur due 
to precipitation of constituents of the groundwater. 
 
Given the Site's anaerobic conditions, which currently promote biodegradation of 
chemicals in groundwater, implementation of in-well air stripping at the Site would 
inhibit the natural attenuation processes, which are actively dechlorinating COCs in Site 
groundwater. 
 
 
5.1.5 CONTAINMENT TECHNOLOGIES 

Containment technologies induce physical and hydraulic containment.  The containment 
response does not reduce the volume or toxicity of the contaminants in the Site media.  
The purpose of this response is to reduce contaminant mobility, and in doing so, 
minimize exposure and reduce potential hazards.  Periodic monitoring is necessary 
following implementation of the containment response to determine its effectiveness and 
evaluate the need for further action. 
 
Physical barriers for containment of groundwater at the Site consist of subsurface vertical 
barriers to control groundwater migration.  Surface barriers to control surface water 
infiltration and thus transport of COCs from soils to groundwater are not applicable at 
the Site, as COC presence in vadose zone soil has not been identified.  Hydraulic 
containment of groundwater may be achieved through the operation of collection 
systems (i.e., extraction wells or collection trenches). 
 
Groundwater monitoring will be included in the O&M Plan of any containment 
alternative. 
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5.1.6 COLLECTION TECHNOLOGIES 

Collection technologies reduce the mass of contaminants present to a greater or lesser 
degree, dependent on the aggressiveness of the collection effort.  Use of collection 
technologies reduces the mobility and toxicity of Site contaminants by removal and 
disposition at a secure location.  These technologies provide no treatment of 
contaminated media but may be used in conjunction with an ex situ disposal and/or 
treatment option to meet the Site-specific goals and objectives. 
 
The groundwater collection technology identified as potentially applicable to the Site 
utilizes vertical extraction wells and/or a collection trench. 
 
Groundwater monitoring will be included in the O&M Plan of any collection alternative. 
 
 
5.1.7 EX SITU TREATMENT TECHNOLOGIES 

The purpose of an ex situ groundwater treatment technology is to reduce the volume, 
toxicity and/or mobility of Site contaminants in extracted groundwater.  Remedial 
treatment technologies potentially applicable at the Site are air stripping and carbon 
treatment. 
 
 
5.1.7.1 AIR STRIPPING 

VOCs are partitioned from extracted groundwater by increasing the surface area of the 
impacted groundwater exposed to air.  Aeration methods include packed towers, 
diffused aeration, tray aeration, and spray aeration.  Water droplets fall from the top of 
the air stripper, while air is forced countercurrent to the water flow.  VOCs partition into 
the air, which is discharged into the atmosphere.  Depending on the concentration of 
VOCs in the air, it may require treatment prior to discharge. 
 
Air stripping equipment can be subject to fouling when elevated concentrations of metals 
are present in the incoming stream.  Under these conditions, the influent is pretreated 
with flocculants or sequestering agents to either remove the metals constituents or keep 
them in the dissolved state. 
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5.1.7.2 ACTIVATED CARBON 

Either extracted groundwater or vapor can be treated by adsorption of VOCs onto 
activated carbon.  Groundwater or vapor is passed through one or more vessels 
containing activated carbon and VOCs in the influent flow are adsorbed onto the carbon.  
When the concentration of VOCs in the effluent from the carbon bed(s) exceeds a 
predetermined level, the carbon is replaced. 
 
When elevated concentrations of metals are present in an influent groundwater stream, 
carbon beds are subject to fouling due to precipitation.  This can result in high operation 
and maintenance costs. 
 
Carbon treatment may not be appropriate where high concentrations of specific VOCs 
(e.g., VC) are present. 
 
 
5.1.8 DISPOSAL TECHNOLOGIES 

Disposal technologies involve off-Site or on-Site disposal of contaminated media or 
products of treatment processes.  Disposal technologies do not usually involve reduction 
of contaminant volume or toxicity, but are primarily intended to reduce contaminant 
mobility. 
 
 
5.1.8.1 OFF-SITE DISPOSAL 

Off-Site disposal options include municipal sewer discharge or disposal at a permitted 
treatment, storage, and disposal facility (TSDF).  Off-Site disposal options normally 
involve transportation of the waste to the TSDF.  Pre-treatment may be required as a 
condition for off-site disposal to a municipal sewer.  In addition, volume restrictions 
may be imposed on discharges to a municipal sewer. 
 
 

5.1.8.2 ON-SITE DISPOSAL 

The on-Site treated water disposal options potentially applicable for Site groundwater are 
injection back into the groundwater aquifer or permitted discharge to surface water. 
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5.1.8.2.1 INJECTION 

In disposal of treated groundwater through injection, treated groundwater is discharged 
into injection wells.  Injection wells are generally located downgradient of the 
groundwater extraction system, but may be located upgradient or cross-gradient to 
improve flow of impacted groundwater toward the extraction system.  The injection 
systems may be either passive (e.g., gravity flow) or active (e.g., pumping). 
 
Hydraulic monitoring is required in conjunction with injection to assure that containment 
of the groundwater in the area of concern is maintained. 
 
 
5.1.8.2.2 DISCHARGE TO SURFACE WATER 

Disposal of treated groundwater can be made through permitted direct discharge to a 
storm sewer or surface water body.  Monitoring of the treated effluent would be 
conducted in accordance with permit requirements to insure that the quality of 
discharged water is in accordance with applicable standards. 
 
 
5.2 SURFACE SOIL 

5.2.1 NO ACTION 

The No Action response is primarily used as a basis for comparison with other 
alternatives.  Under the No Action response, no additional measures are taken to 
improve environmental conditions at the Site.  This response does not reduce the volume, 
mobility, or toxicity of the hazardous constituents of the Site media. 
 
 
5.2.2 INSTITUTIONAL CONTROL 

The institutional control response is not intended to reduce the toxicity, mobility, or 
volume of hazardous site constituents but to reduce the potential for human and wildlife 
exposure to those constituents.  Options may include initiation of institutional controls to 
restrict or limit the use of the Site or the contaminated media and/or development of 
protective work procedures to reduce the potential for exposure of workers to Site 
contaminants during ground intrusive construction activities. 
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5.2.3 CONTAINMENT TECHNOLOGIES 

Containment technologies for surface soils consist of physical containment.  The 
containment response does not reduce the volume or toxicity of the contaminants in the 
Site media.  The purpose of this response is to reduce contaminant mobility, and in doing 
so, minimize exposure and reduce potential hazards at the Site.  Periodic monitoring in 
the way of inspection is necessary to insure that containment is maintained. 
 
The soil containment technology identified as potentially applicable to the Site is the use 
of a permeable surface barrier (cap) to prevent exposure to contaminants in Site surface 
soils. 
 
 
5.2.4 COLLECTION TECHNOLOGIES 

Collection technologies reduce the mass of contaminants present to a greater or lesser 
degree, dependent on the aggressiveness of the collection effort.  Use of the collection 
technologies reduces the mobility and toxicity of Site contaminants by removal and 
disposition at a secure location.  These technologies provide no treatment of 
contaminated media but may be used in conjunction with a disposal and/or treatment 
option to meet the Site-specific goals and objectives. 
 
The collection technology identified as potentially applicable to surface soil at the Site is 
excavation of impacted soil.  
 
 
5.2.5 EX SITU TREATMENT TECHNOLOGIES 

The purpose of a treatment technology is to reduce the volume, toxicity and/or mobility 
of Site contaminants.  Remedial treatment technologies include biological, physical, 
chemical, and thermal processes or some combination of those processes (e.g., 
physical/thermal treatment). 
 
The treatment technologies identified as potentially applicable to excavated surface soils 
at the Site are thermal desorption and incineration.   Considering the relatively small 
volume of impacted surface soils at the Site, treatment would most likely be performed 
off-Site. 
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5.2.5.1 THERMAL DESORPTION 

Thermal desorption is a physical treatment method for excavated soils.  Thermal 
desorption does not result in reduction of the volume or toxicity of the Site contaminants.  
To thermally treat the SVOCs in Site surface soils, excavated soil would be heated to high 
temperature to volatilize water and the COCs.  The resultant vapors would then be 
transported in a carrier gas or by vacuum extraction to a treatment system.  
 
Dewatering of soils may be required to achieve acceptable soil moisture content prior to 
treatment. 
  
 
5.2.5.2 INCINERATION 

Incineration is a potential physical/chemical treatment method for excavated soils.  
Organic chemical compounds present in excavated soils would be destroyed through 
volatilization and combustion.  Off gases and combustion residuals may require 
treatment. 
 
 
5.2.6 DISPOSAL TECHNOLOGIES 

Disposal technologies involve off-Site or on-Site disposal of contaminated media or 
products of treatment processes.  Disposal technologies do not usually involve reduction 
of contaminant volume or toxicity, but are primarily intended to reduce contaminant 
mobility.  Off-Site disposal options include disposal at a permitted TSDF.  Off-Site 
disposal options normally involve transportation of the waste to the TSDF. 
 
On-Site soil disposal options include use of excavated, treated soil as excavation backfill.  
This option is not technically feasible where excavated soil is treated off-Site.  The off-Site 
disposal option for soil is transport to a TSDF. 
 
 
5.3 SUB-SLAB SOIL GAS   

BENEATH THE MANUFACTURING BUILDING 

5.3.1 NO ACTION 

The No Action response is primarily used as a basis for comparison with other 
alternatives.  Under the No Action response, no remedial measures are taken to improve 
environmental conditions at the Site.  This response does not reduce the volume, 
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mobility, or toxicity of the hazardous constituents of the Site media beyond that which is 
realized through natural attenuation and/or engineered and institutional controls 
already in place. 
 
 
5.3.2 ENGINEERED CONTROLS 

Engineered controls for the manufacturing building are potentially applicable to address 
the migration of sub-slab soil gas to indoor air to reduce the potential for exposure of 
workers to contaminants through inhalation.  The engineered controls potentially 
applicable in or around the manufacturing building are sub-slab venting of soil gas, floor 
sealing, and positive indoor pressure maintained through building ventilation systems. 
 
The floor of the manufacturing building is sealed with an epoxy coating, which is 
maintained in good condition.  There are no sumps, floor drains, or other significant 
routes of entry for soil gas through the facility floor.  Additionally, as the manufacturing 
facility is operational, the building has a functional HVAC system providing ventilation 
for employee comfort and process needs.  Information on currently provided engineering 
controls is available from P-H upon request. 
 
 
5.3.3 COLLECTION TECHNOLOGIES 

Collection technologies reduce the mass of contaminants present to a greater or lesser 
degree, dependent on the aggressiveness of the collection effort.  Use of the collection 
technologies also reduces the mobility of Site contaminants.  These technologies provide 
no treatment of contaminated media and thus do not reduce the toxicity of the 
contaminants present.  However, collection may be used in conjunction with a treatment 
option to reduce chemical toxicity. 
 
SVE is identified as a potentially applicable collection technology for sub-slab soil gas at 
the Site.  Shallow vapor extraction wells would be installed and soil gas would be 
extracted through a vacuum system to remove VOCs from the sub-slab vadose zone.  
Depending upon VOC concentrations, the extracted soil vapor would either be treated or 
directly discharged to ambient air. 
 
At the Site, the operation of an SVE system would likely inhibit the natural anaerobic 
biodegradation of TCE. 
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5.3.4 TREATMENT TECHNOLOGIES 

The purpose of a treatment technology, when used alone or in conjunction with a 
collection technology, is to reduce the volume, toxicity, and/or mobility of Site 
contaminants.  Remedial treatment technologies include biological, physical, chemical, 
and thermal processes or some combination of those processes (e.g., physical/thermal 
treatment). 
 
The treatment technologies identified as potentially applicable to extracted soil gas at the 
Site are activated carbon and/or catalytic oxidation.  Extracted vapors are passed through 
the treatment system and subsequently discharged to ambient air. 
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6.0 INITIAL SCREENING OF REMEDIAL TECHNOLOGIES 

Prior to developing a list of remedial alternatives potentially applicable at the Site for 
detailed analysis and comparison, all identified available and appropriate technologies 
are screened.  The identified technologies described in Section 5 have been screened 
utilizing the following criteria: 
 
i) short- and long-term effectiveness; 

ii) implementability; 

iii) relative cost; and 

iv) short-term risk. 
 
The initial screening of remedial technologies and process options is designed to 
determine their applicability to the Site and eliminate those technologies that technically 
cannot be implemented. 
 
The results of the initial screening of the remedial technologies assembled to address the 
general response actions presented in Section 5 and listed in Table 5.1, are shown in 
Tables 6.1 through 6.6. 
 
In summary, the technologies listed below are retained for assembly into remedial 
alternatives and further evaluation. 
 
 
6.1 GROUNDWATER 

The following technologies are retained for further evaluation.  These technologies may 
be used individually or in combination. 
 
i) No Action; 

ii) Institutional Control; 

iii) Monitored Natural Attenuation; 

iv) In Situ Treatment Utilizing a Permeable Reactive Barrier; 

v) In Situ Treatment Utilizing In-Well Stripping; 

vi) In Situ Treatment Utilizing Enhanced Biodegradation; 

vii) Hydraulic Containment/Collection Utilizing Extraction Wells; 

viii) Ex Situ Treatment Utilizing Air Stripping; and 
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ix) On-Site Disposal of Groundwater through Discharge to Surface Water. 
 
 
6.2 SURFACE SOIL 

The following technologies are retained for further evaluation.  These technologies may 
be used individually or in combination. 
 
i) No Further Action; 

ii) Institutional Control; 

iii) Containment through Capping; 

iv) Collection through Excavation; and 

v) Off-Site Disposal of Excavated Soil. 
 
 
6.3 SOIL GAS/INDOOR AIR 

The following technologies are retained for further evaluation.  These technologies may 
be used individually or in combination. 
 
i) No Action; 

ii) Engineered Controls Utilizing Sub-Slab Vapor Venting; 

iii) Collection through SVE; and 

iv) Ex Situ Treatment Utilizing Activated Carbon. 
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7.0 DETAILED ANALYSES OF RETAINED REMEDIAL ALTERNATIVES 

Remedial alternatives for Site groundwater, surface soil, and sub-slab soil gas were 
developed in Section 6 for possible application at the Site.  These alternatives are subject 
to a detailed analysis using the evaluation criteria outlined in USEPA guidance.  The 
evaluation criteria are as follows: 
 
i) overall protection of human health and the environment; 

ii) compliance with ARARs/SCGs; 

iii) reduction of toxicity, mobility, or volume; 

iv) short-term effectiveness; 

v) long-term effectiveness and permanence; 

vi) implementability; 

vii) cost; and 

viii) community acceptance. 
 
The criterion of community acceptance cannot be evaluated at the feasibility study stage 
because it is based upon public comments regarding the Site remedy.  Consequently, no 
further discussion of this criterion is provided in this FS. 
 
The remaining seven criteria are divided into two primary groups, namely threshold 
criteria and balancing criteria. 
 
The threshold criteria include compliance with applicable SCGs and overall protection of 
human health and the environment.  With the exception of the No Action alternative, all 
remedial alternatives must meet the threshold criteria to be eligible for further 
consideration. 
 
The remaining five evaluation criteria are considered the balancing criteria.  Each of the 
remedial alternatives is assessed and analyzed on a comparative basis using these 
evaluation criteria.  Ultimately, a remedial action plan is proposed that incorporates the 
alternatives, which provides the best solution with respect to the balancing criteria. 
 
The detailed analysis of retained alternatives has been performed in a manner consistent 
with the applicable regulations.  The analyses are described in detail in the following 
subsections.  Backup information for the cost estimates is presented in Appendix D. 
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7.1 GROUNDWATER 

The groundwater remedial technologies retained following the initial screening have 
been assembled into the following alternatives for detailed analysis. 
 
i) Groundwater Alternative 1:  No Action. 

ii) Groundwater Alternative 2:  Monitored Natural Attenuation with Institutional 
Control. 

iii) Groundwater Alternative 3:  Monitored Natural Attenuation with Enhanced 
Biodegradation in Hotspot Areas and Institutional Control. 

iv) Groundwater Alternative 4:  Permeable Reactive Barrier with Enhanced 
Biodegradation in Hotspot Areas, Monitored Natural Attenuation, and 
Institutional Control.  

v) Groundwater Alternative 5:  In-Well Air Stripping with Enhanced Biodegradation 
in Hotspot Areas and Institutional Control. 

vi) Groundwater Alternative 6:  Hydraulic Containment/Collection with On-Site 
Treatment and Disposal. 

 
Each of the groundwater remedial alternatives is described and evaluated in detail in the 
following subsections. 
 
 
7.1.1 GROUNDWATER ALTERNATIVE 1:  NO ACTION 

7.1.1.1 DESCRIPTION 

Groundwater Alternative 1 (GW Alternative 1), No Action, provides no active remedial 
measures to improve environmental conditions at the Site.  Natural attenuation and 
biodegradation would reduce COC concentrations in groundwater over the long term.  A 
Microcosm Study was conducted to determine whether TCE and its degradation 
products could be completely degraded via natural reductive biodegradation at the Site.  
The Microcosm Study report is presented in Appendix B.  Complete reductive 
dechlorination of TCE to ethene was observed in unamended sample groups, 
demonstrating robust intrinsic biodegradation at the Site.  Furthermore, the MNA 
evaluation presented in Appendix D and summarized in Section 3 showed that the 
estimated TCE destruction rate through natural attenuation in the former Barge 
Turnaround is 500, to 5,000 lbs/yr. 
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The No Action Alternative also includes the institutional controls already in place.  These 
institutional controls include: 
 
i) fencing restricting unauthorized access to the P-H property; 

ii) security procedures for access to the P-H property; and 

iii) health and safety procedures for worker protection when conducting subsurface 
construction in areas within the limit of chemical presence in groundwater. 

 
In addition, public water is available to the Site and the surrounding properties. 
 
No additional remedial actions, institutional controls, or monitoring would be 
implemented with GW Alternative 1.  However, existing institutional controls and 
protective measures would be maintained and enforced until groundwater quality is 
restored to the extent necessary for the intended future use of the properties. 
 
 
7.1.1.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  Because no additional 
remedial measures are implemented with GW Alternative 1, the potential future risk to 
human health and the environment would not be reduced beyond that which would be 
achieved through natural degradation processes (biodegradation and natural physical 
processes).  However, it has been demonstrated that these processes are destroying TCE 
at an estimated rate of 500, to 5,000 lbs/yr in the former Barge Turnaround. 
 
Compliance with SCGs:  GW Alternative 1 would not achieve the chemical-specific SCGs 
which apply to groundwater through a remedial action.  However, the chemical-specific 
SCGs will be achieved over time through the natural attenuation processes.  Since no 
remedial action would be implemented, no action-specific or location-specific SCGs 
apply to GW Alternative 1.  The potentially applicable location-specific SCG for this 
Alternative is the Village of Clyde building codes and zoning ordinances.  
 
Reduction of Toxicity, Mobility, or Volume:  GW Alternative 1 provides no active 
reduction of toxicity, mobility, or volume of the COCs.  However, over the long term, the 
volume and toxicity of COCs in groundwater will be reduced at the Site through the 
active natural attenuation and biological degradation processes. 
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Short-Term Effectiveness:  GW Alternative 1 requires no remedial actions.  Therefore, 
there would be no additional short-term risks posed to the community, the workers, or 
the environment as a result of the implementation of this alternative. 
 
Long-Term Effectiveness and Permanence:  GW Alternative 1 would not result in any 
further remedial actions; therefore, the residual risks would not be reduced beyond that 
which will be achieved through natural attenuation and biological degradation processes 
and existing controls and practices.  GW Alternative 1 will achieve the GW RAOs over 
time and will provide a permanent remedy once groundwater is restored through the 
natural attenuation processes. 
 
The RAOs for surface soil or sub-slab soil gas would not be met by GW Alternative 1. 
 
Implementability:  Because there are no remedial actions being undertaken, the 
implementability criterion is not applicable. 
 
Cost:  There are no remedial actions, institutional controls, or monitoring being 
undertaken in GW Alternative 1; therefore, there are no costs.  This is reflected in the cost 
summary is presented in Table 7.1. 
 
 
7.1.2 GROUNDWATER ALTERNATIVE 2:  MNA 

WITH INSTITUTIONAL CONTROL  

7.1.2.1 DESCRIPTION 

Data collected during the RI and groundwater treatability studies demonstrate that 
significant natural attenuation of VOCs in groundwater is currently taking place at the 
Site. 
 
A Microcosm Study was conducted to determine whether TCE and its degradation 
products could be completely degraded via natural reductive biodegradation at the Site.  
The Microcosm Study report is presented in Appendix B.  Complete reductive 
dechlorination of TCE to ethene was observed in unamended sample groups, 
demonstrating robust intrinsic biodegradation at the Site. 
 
An evaluation of MNA was performed in accordance with the protocols outlined in the 
USEPA documents entitled "Use of Monitored Natural Attenuation at Superfund, RCRA 
Corrective Action, and Underground Storage Tank Sites" (USEPA, OSWER Directive 
9200.4-17P, April 1999) and "Technical Protocol for Evaluating Natural Attenuation of 
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Chlorinated Solvents in Groundwater" (USEPA, September 1998).  A detailed report of 
the MNA evaluation is presented in Appendix D.  In summary, the evaluation 
demonstrated that: 
 
i) geochemical conditions in overburden and bedrock are favorable for reductive 

dechlorination of the COCs in groundwater; 
ii) natural biodegradation by reductive dechlorination is occurring at the Site; and 
iii) the estimated TCE destruction rate through natural attenuation in the former 

Barge Turnaround is 500, to 5,000 lbs/yr. 
 
In GW Alternative 2, a long-term groundwater monitoring program would be conducted 
to evaluate the continuing effectiveness of the natural attenuation processes in restoring 
groundwater quality.  The groundwater monitoring program would consist of both 
hydraulic and water quality monitoring in overburden and bedrock monitoring wells.  
The purpose of the hydraulic monitoring program would be to confirm that the 
groundwater flow patterns do not change over time resulting in unexpected off-site 
impact.  Groundwater quality monitoring would be conducted to track the reductions in 
COC concentrations over time, evaluate the continuing favorable conditions for natural 
attenuation, and confirm the protectiveness of the remedy.  To obtain a conservative cost 
estimate for use in this FS it has been assumed that the groundwater monitoring network 
would consist of approximately 25 wells and that groundwater samples would be 
analyzed for VOCs and geochemical parameters.  A complete monitoring plan would be 
prepared and submitted to NYSDEC for approval prior to implementation of the remedy. 
 
In GW Alternative 2, additional Institutional Controls beyond those already in place at 
the Site (see Section 2.2) would be implemented to further restrict direct exposure to 
contaminated groundwater.  Specifically: 
 
i) additional safe work practices and definitions of levels of personnel protective 

equipment (PPE) for specific work activities would be developed if necessary and 
implemented for subsurface maintenance or construction activities conducted 
within the limits of COC presence in groundwater; and 

ii) a Deed Restriction or Record Notice would be added as an addendum to the 
existing deeds of the properties beneath which groundwater exhibiting COCs is 
present.  The deed restrictions would inform the property owners of the Site 
history and restricted land use on the property.  Deed restrictions would also 
require the property owners to notify the NYSDEC before performing 
construction activities in areas within the limit of COC presence in groundwater.  
Any future conveyance of the property would be subject to these restrictions.  The 
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restriction or restrictive covenants would be drafted in accordance with applicable 
and relevant State and municipal legal codes to be enforceable. 

 
 
7.1.2.2 ASSESSMENT 

Overall Protection of Human Health and the Environment: Effective deed restrictions 
and monitoring would be protective of human health by preventing potential exposure to 
contaminated groundwater.  The potential future risk to the environment using GW 
Alternative 2 would not be reduced beyond that which will be achieved through natural 
attenuation and biological degradation. However, it has been demonstrated that these 
processes are destroying TCE at an estimated rate of ,500 to 5,000 lbs/yr in the former 
Barge Turnaround. 
 
Compliance with SCGs:  GW Alternative 2 would achieve the chemical-specific SCGs 
which apply to groundwater through the Site's active natural attenuation processes.  
Since no remedial action would be implemented, no action-specific SCGs apply to GW 
Alternative 2.  The potentially applicable location-specific SCGs for this Alternative are 
the Village of Clyde zoning ordinances. 
 
Reduction of Toxicity, Mobility, or Volume: GW Alternative 2 will provide reductions in 
toxicity and volume of the COCs in groundwater over time.  The mobility of the COCs 
will not be reduced through the implementation of GW Alternative 2.  
 
Short-Term Effectiveness:  No additional short-term risk to the community or the 
environment would be posed as a result of the implementation of GW Alternative 2.  Risk 
to workers conducting the monitoring program would be mitigated through the 
implementation of safe work practices and proper PPE. 
 
Long-Term Effectiveness and Permanence:  The additional institutional controls 
established for GW Alternative 2 would make this Alternative effective in the long term 
as long as they are enforced until groundwater has been restored to the extent necessary 
for the intended future land use. 
 
GW Alternative 2 would achieve the groundwater RAOs if the institutional controls 
described in Section 7.1.2.1 are imposed and enforced until groundwater has been 
restored to the extent necessary for the intended future land use.  The RAOs for surface 
soil or sub-slab soil gas would not be met by GW Alternative 2. 
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Implementability:  The implementability of GW Alternative 2 is dependent upon the 
ability to impose and enforce institutional controls on the impacted properties. 
 
Cost:  The estimated 30-year present worth cost for GW Alternative 2, is $609,000.  The 
cost summary is presented in Table 7.2. 
 
 
7.1.3 GROUNDWATER ALTERNATIVE 3: 

ENHANCED BIODEGRADATION  
WITH MNA AND INSTITUTIONAL CONTROL 

7.1.3.1 DESCRIPTION 

Groundwater Alternative 3 (GW Alternative 3) would consist of in situ groundwater 
treatment performed in hotspot areas to accelerate the biodegradation of COCs in 
groundwater and thus actively reduce risk.  In situ enhancement of biodegradation 
would be conducted utilizing enhanced biodegradation through supplementation of 
nutrient/carbon sources.  In addition, MNA and Institutional Controls as described for 
GW Alternative 2 in Section 7.1.2 would be part of GW Alternative 3. 
 
Nutrient/carbon enhancement would consist of the injection of sodium lactate/soybean 
oil through temporary well points installed in the treatment areas.  A field scale pilot test 
would be conducted to determine injection point spacing and verify the effectiveness of 
the treatment.  The design of the full-scale treatment would be finalized upon completion 
of the pilot test and analysis of the monitoring data.  For the purpose of preparing a cost 
estimate for this FS, it is assumed that injection points would be installed within the areas 
shown on Figure 7.1 and that one treatment would be performed. 
 
In GW Alternative 3, a long-term groundwater monitoring program would be conducted 
to evaluate the continuing effectiveness of the remedial action in restoring groundwater 
quality.  The groundwater monitoring program would consist of both hydraulic and 
water quality monitoring in overburden and bedrock monitoring wells.  The purpose of 
the hydraulic monitoring program would be to confirm that the groundwater flow 
patterns do not change over time resulting in unexpected off-Site impact.  Groundwater 
quality monitoring would be conducted to track the reductions in COC concentrations 
over time, evaluate the continuing favorable conditions for natural attenuation, and 
confirm the protectiveness of the remedy.  To obtain a conservative cost estimate for use 
in this FS it has been assumed that the groundwater monitoring network would consist 
of approximately 25 wells and that groundwater samples would be analyzed for VOCs 
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and geochemical parameters.  A complete monitoring plan would be prepared and 
submitted to NYSDEC for approval prior to implementation of the remedy. 
 
 
7.1.3.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  GW Alternative 3 would 
reduce the highest concentrations of COCs in groundwater, thus immediately reducing 
the potential risk attributable to exposure to Site groundwater and enhancing the 
conditions under which natural attenuation processes can progress.  Further, hotspot 
treatment beneath and adjacent to the manufacturing building would immediately 
reduce the COC concentrations in groundwater beneath the building, thus immediately 
reducing potential exposure to COCs in sub-slab soil vapor through intrusion into indoor 
air. 
 
Compliance with SCGs:  GW Alternative 3 would achieve the chemical-specific SCGs 
which apply to groundwater.  The potentially applicable action-specific SCGs which 
apply to GW Alternative 3 are those listed in Table 4.4 under the following headings: 
 
i) Container Storage; and 

ii) Surface Water Control. 
 
The potentially applicable location-specific SCGs for this Alternative are the Village of 
Clyde zoning ordinances. 
 
Reduction of Toxicity, Mobility, or Volume: GW Alternative 3 will provide reduction of 
the toxicity and volume of the COCs.  The mobility of COCs in groundwater will not be 
effected by GW Alternative 3.  The volume of COCs in sub-slab soil vapor will also be 
reduced by GW Alternative 3. 
 
Short-Term Effectiveness:  Short-term hazards to workers during the in situ treatment or 
monitoring events would be mitigated through the implementation of safe work practices 
and proper PPE.  Mixing and pumping mechanisms may be present on the ground 
surface during the treatment process; however, all solutions would be containerized and 
no additional short-term risks would be posed to the community, the workers, or the 
environment. 
 
Long-Term Effectiveness and Permanence: GW Alternative 3 will achieve the 
groundwater RAOs and will enhance the performance of the selected remedial 
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Alternative for sub-slab soil gas.  GW Alternative 3 will not achieve the RAOs for surface 
soil. 
 
GW Alternative 3 would achieve the groundwater RAOs if the institutional controls 
described in Section 7.1.2.1 are imposed and enforced until groundwater has been 
restored to the extent necessary for the intended future land use.  The RAOs for surface 
soil or sub-slab soil gas would not be met by GW Alternative 2. 
 
Implementability:  The implementability of GW Alternative 3 is primarily dependent 
upon the ability to impose and enforce institutional controls on the impacted off-Site 
properties.  The ability to access the lowlying areas of the former Barge Turnaround for 
the injections of the treatment substrate will also effect the implementability of GW 
Alternative 3. 
 
Cost:  The estimated 30-year present worth cost for GW Alternative 3 as described in 
Section 7.1.3.1 is $876,000.  The cost summary is presented in Table 7.3. 
 
 
7.1.4 GROUNDWATER ALTERNATIVE 4: 

PERMEABLE REACTIVE BARRIER WITH ENHANCED 
BIODEGRADATION, MNA, AND INSTITUTIONAL CONTROL 

7.1.4.1 DESCRIPTION 

Groundwater Alternative 4 (GW Alternative 4) would consist of MNA and Institutional 
Controls as described in Section 7.1.2, Enhanced Biodegradation in the hotspots beneath 
and adjacent to the manufacturing building as described in Section 7.1.3, and the 
construction of a PRB across the groundwater flow pathway at the downgradient 
boundary of the area exhibiting COC presence in groundwater. 
 
The PRB constructed at the Site would consist of a passive iron treatment wall.  The iron 
treatment wall would be comprised of 70 percent soil/sand and 30 percent iron 
contained in a slurry.  The slurry is injected into the subsurface under pressure to create a 
barrier.  At the Site, the PRB would be constructed in a "T" configuration as shown 
schematically on Figure 7.2.   The PRB would extend vertically to the top of the confining 
layer (e.g., till) or, where the till is not present, to the top of the bedrock surface.  The 
geotechnical properties of Site soils would require further characterization prior to the 
design and construction of a PRB. 
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Natural attenuation processes would reduce COC concentrations in impacted 
groundwater downgradient of the alignment of the PRB. 
 
In GW Alternative 4, a long-term groundwater monitoring program would be conducted 
to evaluate the continuing effectiveness of the remedial action in restoring groundwater 
quality.  The groundwater monitoring program would consist of both hydraulic and 
water quality monitoring in overburden and bedrock monitoring wells.  The purpose of 
the hydraulic monitoring program would be to confirm that the groundwater flow 
patterns do not change over time resulting in unexpected off-site impact.  Groundwater 
quality monitoring would be conducted to track the reductions in COC concentrations 
over time, evaluate the continuing favorable conditions for natural attenuation, and 
confirm the protectiveness of the remedy.  To obtain a conservative cost estimate for use 
in this FS it has been assumed that the groundwater monitoring network would consist 
of approximately 25 wells and that groundwater samples would be analyzed for VOCs 
and geochemical parameters.  A complete monitoring plan would be prepared and 
submitted to NYSDEC for approval prior to implementation of the remedy. 
 
 
7.1.4.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  GW Alternative 4 would be 
protective of human health and the environment through the treatment of COCs in 
groundwater and mitigation of the potential for future transport of COCs to off-Site 
groundwater.  The combination of hotspot treatment and treatment of on-site 
groundwater as it follows its natural flow-path and through the PRB would result in the 
reduction of COC concentrations.  In addition, the hotspot treatment would immediately 
reduce the COC concentrations in groundwater beneath the manufacturing building, 
thus immediately reducing potential exposure to COCs in sub-slab soil vapor through 
intrusion into indoor air. 
 
Compliance with SCGs:  GW Alternative 4 would achieve the chemical-specific SCGs 
which apply to groundwater.  The potentially applicable action-specific SCGs which 
apply to GW Alternative 4 are those listed in Table 4.4 under the following headings: 
 
i) Container Storage; 

ii) Excavation; and 

iii) Surface Water Control. 
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Potentially applicable location-specific SCGs for this Alternative are the Village of Clyde 
zoning ordinances and building codes. 
 
Reduction of Toxicity, Mobility, or Volume:  GW Alternative 4 will provide reduction of 
the toxicity, volume, and mobility of the COCs in groundwater.  The volume of COCs in 
sub-slab vapor will also be reduced by GW Alternative 4. 
 
Short-Term Effectiveness: Short-term hazards to workers during the in situ treatment, 
PRB construction, or monitoring events would be mitigated through the implementation 
of safe work practices and proper PPE.  Mixing and pumping mechanisms may be 
present on the ground surface during the treatment and construction processes; however, 
all solutions would be containerized and no additional short-term risks would be posed 
to the community, the workers, or the environment.  Dust control measures would be 
implemented during excavation activities associated with the construction of the PRB to 
prevent airborne dispersion of particulates. 
 
Long-Term Effectiveness and Permanence:  The implementation of GW Alternative 4 will 
achieve the groundwater RAOs and will complement the effectiveness of the remedial 
Alternative selected for sub-slab soil gas.  The RAOs for surface soil would not be met by 
GW Alternative 4. 
 
Implementability:  The implementability of GW Alternative 4 is dependent upon the 
ability to enact and enforce the institutional controls on the impacted off-Site properties 
and upon the ability to obtain access permission to off-Site properties for construction of 
the PRB. 
 
Cost:  The estimated 30-year present worth cost for GW Alternative 4 as described in 
Section 7.1.4.1 is $1,898,000.  The cost summary is presented in Table 7.4. 
 
 
7.1.5 GROUNDWATER ALTERNATIVE 5: 

IN-WELL AIR STRIPPING WITH ENHANCED 
BIODEGRADATION AND INSTITUTIONAL CONTROL 

7.1.5.1 DESCRIPTION 

Groundwater Alternative 5 (GW Alternative 5) would consist of enhanced 
biodegradation in the hotspot areas beneath and adjacent to the manufacturing building 
and institutional control as described for GW Alternatives 3 and 4 combined with in-well 
air stripping in the former Barge Turnaround. 
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In-well stripping of COCs would be performed in a system of double-screened wells 
installed within the former Barge Turnaround.  Groundwater would be circulated 
through the wells in situ for stripping of COCs and soil vapor would be extracted for 
treatment by catalytic oxidation or carbon.  For cost estimation purposes, it is assumed 
that seven wells would be installed in the former Barge Turnaround and that catalytic 
oxidation will be required for vapor treatment.  A conceptual layout of the well system is 
shown in plan view on Figure 7.3.  A schematic representation of a stripping well is 
presented on Figure 7.4.  Pumping and pilot scale testing will be required prior to design 
of the circulating well and vapor treatment systems. 
 
In GW Alternative 4, a long-term groundwater monitoring program would be conducted 
to evaluate the continuing effectiveness of the remedial action in restoring groundwater 
quality.  The groundwater monitoring program would consist of both hydraulic and 
water quality monitoring in overburden and bedrock monitoring wells.  The purpose of 
the hydraulic monitoring program would be to confirm that the groundwater flow 
patterns do not change over time resulting in unexpected off-Site impact.  Groundwater 
quality monitoring would be conducted to track the reductions in COC concentrations 
over time, evaluate the continuing favorable conditions for natural attenuation, and 
confirm the protectiveness of the remedy.  To obtain a conservative cost estimate for use 
in this FS it has been assumed that the groundwater monitoring network would consist 
of approximately 25 wells and that groundwater samples would be analyzed for VOCs 
and geochemical parameters.  A complete monitoring plan would be prepared and 
submitted to NYSDEC for approval prior to implementation of the remedy. 
 
 
7.1.5.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  GW Alternative 5 would be 
protective of human health and the environment through the treatment of COCs in 
groundwater and mitigation of the potential for future off-site transport of COCs in 
groundwater.  The combination of hotspot treatment under the manufacturing building 
and treatment of groundwater as it follows its natural flow-path into the area in which 
the circulation wells would be located would result in reductions in COC concentrations.  
In addition, the hotspot treatment would immediately reduce the COC concentrations in 
groundwater beneath the manufacturing building, thus immediately reducing potential 
exposure to COCs in sub-slab soil vapor through intrusion into indoor air. 
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Compliance with SCGs:  GW Alternative 5 will achieve the chemical-specific SCGs, 
which apply to groundwater.  The potentially applicable action-specific SCGs which 
apply to GW Alternative 5 are those listed in Table 4.4 under the following headings: 
 
i) Container Storage;  

ii) Land Treatment;  

iii) Surface Water Control; 

iv) Treatment (in a unit);  

v) Closure of Land Treatment Units;  

vi) Transporting Hazardous Waste Off Site; and 

vii) Vapor Emissions. 
 
Potentially applicable location-specific SCGs for this Alternative are the Village of Clyde 
zoning ordinances and building codes. 
 
Reduction of Toxicity, Mobility, or Volume:  GW Alternative 5 will provide reduction of 
the toxicity and volume of the COCs.  However, there is concern that the implementation 
of this technology in the former Barge Turnaround will adversely impact the natural 
anaerobic conditions and inhibit the ongoing natural attenuation processes resulting in 
slower restoration of groundwater than is occurring through the natural processes.  GW 
Alternative 5 will not address the mobility of the COCs. 
 
Short-Term Effectiveness:  Short-term hazards to workers during the in situ treatment, 
well system installation and operation/maintenance, or monitoring events would be 
mitigated through the implementation of safe work practices and proper PPE.  Mixing 
and pumping mechanisms may be present on the ground surface during the treatment 
and construction processes; however, all solutions would be containerized and no 
additional short-term risks would be posed to the community, the workers, or the 
environment. 
 
Long-Term Effectiveness and Permanence:  The implementation of GW Alternative 5 will 
achieve the groundwater RAOs and will complement the effectiveness of the remedial 
Alternative selected for sub-slab soil gas.  However, it is possible that the Site's ongoing 
natural attenuation processes will be inhibited by the aeration which will occur in the 
aquifer.  This inhibition of the natural degradation processes may result in slower 
restoration of groundwater quality.  The RAOs for surface soil would not be met by GW 
Alternative 5. 
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Implementability:  The implementability of GW Alternative 5 is primarily dependent 
upon the ability to impose and enforce the institutional controls on the off-Site properties 
and upon the ability to obtain access permission for construction of the well system in the 
former Barge Turnaround.  The implementability may also be effected by fouling of well 
screens due to the presence of metals precipitates and bacteria. 
 
Cost:  The estimated 30-year present worth cost for GW Alternative 5 as described in 
Section 7.1.5.1 is $2,504,000.  The cost summary is presented in Table 7.5. 
 
 
7.1.6 GROUNDWATER ALTERNATIVE 6: 

HYDRAULIC CONTAINMENT/COLLECTION WITH 
ON-SITE TREATMENT AND DISPOSAL AND 
INSTITUTIONAL CONTROL  

7.1.6.1 DESCRIPTION 

Groundwater Alternative 6 (GW Alternative 6) would consist of enhanced 
biodegradation in the hotspot areas beneath and adjacent to the manufacturing building 
and institutional controls as described for GW Alternatives 3 through 5 combined with 
hydraulic containment and groundwater collection in the former Barge Turnaround. 
 
The extraction well system would be designed to contain and recover impacted 
groundwater.  The system would consist of a series of extraction wells constructed in the 
former Barge Turnaround.  For cost estimation purposes, it is assumed that seven wells 
would be installed in the alignment shown on Figure 7.5. 
 
Extracted groundwater would be treated utilizing air stripping.  If required, catalytic 
oxidation or carbon would be used to treat vapors.  The existing data suggest that carbon 
treatment of vapors may not be effective.  Therefore, for the purpose of the FS cost 
estimate, it has been assumed that catalytic oxidation will be required.  Treated water 
would be discharged directly to the storm sewer south of the Site.  This sewer discharges 
into the Clyde River. 
 
Pumping and pilot scale testing will be required prior to design of the extraction and 
treatment systems. 
 
In GW Alternative 6, a long-term groundwater monitoring program would be conducted 
to evaluate the continuing effectiveness of the remedial action in restoring groundwater 
quality.  The groundwater monitoring program would consist of both hydraulic and 
water quality monitoring in overburden and bedrock monitoring wells.  The purpose of 
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the hydraulic monitoring program would be to confirm that the groundwater flow 
patterns do not change over time resulting in unexpected off-Site impact.  Groundwater 
quality monitoring would be conducted to track the reductions in COC concentrations 
over time, evaluate the continuing favorable conditions for natural attenuation, and 
confirm the protectiveness of the remedy.  To obtain a conservative cost estimate for use 
in this FS it has been assumed that the groundwater monitoring network would consist 
of approximately 25 wells and that groundwater samples would be analyzed for VOCs 
and geochemical parameters.  A complete monitoring plan would be prepared and 
submitted to NYSDEC for approval prior to implementation of the remedy. 
 
Treatment system influent and effluent monitoring would be conducted as necessary to 
monitor system performance and meet permit requirements.  For the purpose of the FS, it 
is assumed that influent and effluent analyses would be conducted weekly for three 
months and monthly thereafter. 
 
 
7.1.6.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  GW Alternative 6 would be 
protective of human health and the environment through the hydraulic containment, 
collection and treatment of contaminated groundwater, and through the enforcement of 
additional institutional controls. 
 
Compliance with SCGs:  GW Alternative 6 will achieve the chemical-specific SCGs, 
which apply to groundwater.  The potentially applicable action-specific SCGs which 
apply to GW Alternative 5 are those listed in Table 4.4 under the following headings: 
 
i) Container Storage;  

ii) Discharge of Treatment System Effluent; 

iii) Land Treatment;  

iv) Surface Water Control; 

v) Treatment (in a unit);  

vi) Closure of Land Treatment Units;  

vii) Transporting Hazardous Waste Off Site; and 

viii) Vapor Emissions. 
 
Potentially applicable location-specific SCGs for this Alternative are the Village of Clyde 
zoning ordinances and building codes. 
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Reduction of Toxicity, Mobility, or Volume:  GW Alternative 6 will provide reduction of 
the toxicity, volume, and mobility of the COCs in groundwater. However, there is 
concern that the implementation of this technology in the former Barge Turnaround will 
adversely impact the natural anaerobic conditions and inhibit the ongoing natural 
attenuation processes resulting in slower restoration of groundwater than is occurring 
through the natural processes. 
 
Short-Term Effectiveness:  Short-term hazards to workers during the extraction well and 
treatment system installation and operation/maintenance and monitoring events would 
be mitigated through the implementation of safe work practices and proper PPE.  The 
short-term effectiveness of GW Alternative 6 would be almost immediate upon startup of 
the on-Site treatment system as a result of the near-immediate commencement of 
reduction of the toxicity, mobility, and volume of COCs in groundwater.  No additional 
short-term risks would be posed to the community or the environment. 
 
Long-Term Effectiveness and Permanence:  GW Alternative 6 will achieve the 
groundwater RAOs.  However, it is possible that the Site's ongoing natural attenuation 
processes will be inhibited by waters drawn into the area.  This inhibition of the natural 
degradation processes may result in slower restoration of groundwater quality.  GW 
Alternative 6 will not achieve the RAOs for surface soil and will only achieve the RAOs 
for sub-slab soil gas after groundwater has been restored. 
 
Implementability:  The implementability of GW Alternative 6 is primarily dependent 
upon the ability to impose and enforce institutional controls on the off-Site properties and 
upon the ability to obtain access permission for construction of the extraction system in 
the former Barge Turnaround. The implementability may also be effected by fouling of 
well screens due to the presence of metals precipitates and bacteria. 
 
Cost:  The estimated 30-year present worth cost for GW Alternative 6 as described in 
Section 7.1.6.1 is $2,991,000.  The cost summary is presented in Table 7.6. 
 
 
7.2 SURFACE SOIL 

The surface soil remedial technologies retained following the initial screening have been 
assembled into the following alternatives for detailed analysis: 
 
i) Surface Soil Alternative 1:  No Further Action; 

ii) Surface Soil Alternative 2:  Institutional Control; 
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iii) Surface Soil Alternative 3:  Capping with Institutional Control; and 

iv) Surface Soil Alternative 4:  Excavation with Off-Site Disposal and Institutional 
Control. 

 
Each of the surface soil remedial alternatives is evaluated in detail in the following 
subsections. 
 
 
7.2.1 SURFACE SOIL ALTERNATIVE 1: 

NO FURTHER ACTION  

7.2.1.1 DESCRIPTION 

Surface Soil Alternative 1 (SS Alternative 1), No Further Action, provides no active 
remedial measures to improve environmental conditions at the Site beyond those already 
completed as the Storm Water IRM.  Natural degradation would reduce COC 
concentrations in surface soil over the long term.  No further remedial actions, 
institutional controls, or monitoring would be conducted. 
 
 
7.2.1.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  Because no additional 
remedial measures are implemented with SS Alternative 1, the potential future risk to 
human health and the environment would not be reduced beyond that which would be 
achieved through natural degradation processes (biodegradation and natural physical 
processes) and realized as an indirect result of the remedial action implemented to 
address Site groundwater. 
 
The apparent source of COCs in surface soil is historic stormwater and/or septic 
discharge into the former Barge Turnaround.  Both of these sources of continuing 
discharge have been eliminated; therefore, SS Alternative 1 will be protective of human 
health and the environment in the future.  
 
Compliance with SCGs:  SS Alternative 1 would not achieve the chemical-specific SCGs 
which apply to surface soil.  Since no remedial action would be implemented, no 
action-specific or location-specific SCGs apply to SS Alternative 1. 
 
Reduction of Toxicity, Mobility, or Volume:  SS Alternative 1 provides no active 
reduction of toxicity, mobility, or volume of the COCs.  However, over the long term, the 
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volume and toxicity of COCs in surface soil will be reduced by natural degradation 
processes. 
 
Short-Term Effectiveness:  SS Alternative 1 requires no remedial actions.  Therefore, there 
would be no additional short-term risks posed to the community, the workers, or the 
environment as a result of the implementation of this alternative. 
 
Long-Term Effectiveness and Permanence: Over time, through natural degradation 
processes, SS Alternative 1 will achieve the RAOs applicable to surface soil but will not 
achieve the RAOs for groundwater or sub-slab soil gas. 
 
Implementability:  Because there are no remedial actions being undertaken, the 
implementability criterion is not applicable. 
 
Cost:  Because there are no remedial actions, institutional controls, or monitoring being 
undertaken, there are no costs associated with SS Alternative 1.  The cost summary is 
presented in Table 7.7. 
 
 
7.2.2 SURFACE SOIL ALTERNATIVE 2: 

INSTITUTIONAL CONTROL  

7.2.2.1 DESCRIPTION 

Surface Soil Alternative 2 (SS Alternative 2), Institutional Control, consists of the 
implementation of institutional control to restrict exposure to contaminated surface soil 
in the former Barge Turnaround.  Specifically, 
 
i) the area of the former Barge Turnaround in which the soils exhibiting chemical 

presence in excess of SCGs are contained would be enclosed with fencing;  

ii) safe work practices and definitions of levels of PPE for specific work activities 
would be developed and implemented for maintenance or construction activities 
conducted in the area; and 

iii) if possible, a Deed Restriction or Record Notice would be added as an addendum 
to an existing deed for the former Barge Turnaround property.  The deed 
restriction would inform the property owner of the Site history and restricted land 
use on the property.  Deed restrictions would also require the property owner to 
obtain regulatory approvals before performing construction activities in the area 
in which the subject soils are located.  Any future conveyance of the property 
would be subject to these restrictions.  The restriction or restrictive covenants 
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would be drafted in accordance with applicable and relevant State and municipal 
legal codes to be enforceable. 

 
 
7.2.2.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  The combination of a 
physical barrier (fencing) and effective deed restrictions would be protective of human 
health by preventing incidental exposure to the subject soils.  The potential future risk to 
the environment using SS Alternative 2 would not be reduced beyond that which will be 
achieved through natural attenuation and as an indirect result of the remedial action 
implemented to address on-Site groundwater. 
 
Compliance with SCGs:  SS Alternative 2 would not achieve the chemical-specific SCGs 
which apply to surface soil.  No action-specific SCGs apply to Alternative 2.  The 
potentially applicable location-specific SCGs for this Alternative are the Village of Clyde 
zoning ordinances and building codes. 
 
Reduction of Toxicity, Mobility, or Volume:  SS Alternative 2 provides no active 
reduction of toxicity, mobility, or volume of the COCs.  However, over the long term, the 
volume and toxicity of COCs in surface soil will be reduced by natural degradation 
processes and as an indirect result of the remedial action implemented to address on-Site 
groundwater. 
 
Short-Term Effectiveness:  No additional short-term risk to the community or the 
environment would be posed as a result of the implementation of SS Alternative 2.  Risk 
to workers installing fencing around the area would be mitigated through the 
implementation of safe work practices and proper PPE. 
 
Long-Term Effectiveness and Permanence:  The institutional controls established for SS 
Alternative 2 would make this Alternative effective in the long term as long as they are 
enforced and maintained.  The RAOs for groundwater and sub-slab soil gas would not be 
met by SS Alternative 2, and a permanent remedy would not be provided. 
 
Implementability:  The implementability of SS Alternative 2 is dependent upon the 
consent of the owner of the former Barge Turnaround property, the Village of Clyde. 
 
Cost:  The estimated 30-year present worth cost for SS Alternative 2, given an estimated 
life of fencing of 15 years (or two replacements over a 30-year period) is $54,500.  The cost 
summary is presented in Table 7.8. 
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7.2.3 SURFACE SOIL ALTERNATIVE 3: 

CAPPING WITH INSTITUTIONAL CONTROL 

7.2.3.1 DESCRIPTION 

Surface Soil Alternative 3 (SS Alternative 3), Capping, includes: 
 
i) construction of a permeable cover (cap) over surface soils containing SVOCs at 

concentrations exceeding SCGs; and 

ii) implementation of institutional controls to restrict exposure to contaminated 
subsurface soil. 

 
The estimated area to be capped in SS Alternative 3 is shown on Figure 7.6.  Additional 
surface soil sampling and analyses may be required to fully define the area to be capped.  
Prior to placing the cap, the area would be cleared and graded as necessary to maintain 
drainage and the area would be covered with filter fabric to provide a visual separation 
between the soil and the imported cover.  Impacted surface soils would not be removed 
from the former Barge Turnaround area.  The cap would consist of 1 foot of imported, 
clean, granular fill placed over the entire area containing impacted soil.  Four inches of 
topsoil would be placed on top of the fill and the area revegetated.  A long-term O&M 
program, comprising periodic inspections and routine maintenance activities, would be 
implemented to maintain the long-term integrity of the cap. 
 
The institutional controls implemented as part of SS Alternative 3 consist of: 
 
i) safe work practices and definitions of levels of PPE for specific work activities 

developed and implemented for maintenance or construction activities conducted 
in the area; and 

ii) if possible, a Deed Restriction or Record Notice added as an addendum to an 
existing deed for the former Barge Turnaround property.  The deed restriction 
would inform the property owner of the Site history and restricted land use on 
the property.  Deed restrictions would also require the property owner to obtain 
regulatory approvals before performing construction activities in the area in 
which the subject soils are located.  Any future conveyance of the property would 
be subject to these restrictions.  The restriction or restrictive covenants would be 
drafted in accordance with applicable and relevant State and municipal legal 
codes to be enforceable. 
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7.2.3.2 ASSESSMENT 

Overall Protection of Human Health and the Environment: SS Alternative 3 would be 
protective of human health by preventing potential incidental exposure to contaminated 
soil.  SS Alternative 3 would be protective of the environment by reducing the future 
potential transport of SVOCs on soil to off-Site areas as a result of wind dispersion, 
surface runoff, or other mechanical means. 
 
Compliance with SCGs:  SS Alternative 3 will comply with the chemical-specific SCGs 
which apply to surface soil by covering the existing surface soil with clean, imported fill. 
 
The potentially applicable action-specific SCGs for this Alternative are those listed in 
Table 4.4 under the following headings: 
 
i) Capping; 

ii) Construction of New Landfill on Site; 

iii) Surface Water Control; 

iv) Treatment (in a unit); 

v) Waste Pile; and 

vi) Closure with Waste in Place. 
 
These SCGs would be satisfied by SS Alternative 3. 
 
The potentially applicable location-specific SCGs for this Alternative are the Village of 
Clyde zoning ordinances and building codes. 
 
Reduction of Toxicity, Mobility, or Volume:  SS Alternative 3 provides no active 
reduction in toxicity or volume of COCs in surface soil.  Mobility of SVOCs in surface soil 
would be reduced through the mitigation of transport of soil from the area.  Over the 
long term, the volume and toxicity of SVOCs in surface soil would be reduced by natural 
degradation processes. 
 
Short-Term Effectiveness:  The permeable cap would be constructed using standard 
techniques.  Short-term hazards to workers would be mitigated through proper work and 
health and safety procedures.  The short-term effectiveness of SS Alternative 3 would be 
almost immediate upon completion of the construction of the cap, since direct exposure 
of human receptors to surface soils in the former Barge Turnaround exhibiting chemical 
concentrations exceeding SCGs would immediately be prevented.  No additional 
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short-term risks would be posed to the community or the environment by SS 
Alternative 3. 
 
Long-Term Effectiveness and Permanence:  The enforcement of the institutional controls 
to be established for SS Alternative 3 and implementation of a long-term O&M program 
would make this Alternative effective in the long term.  In addition, the incremental risk 
attributable to surface soils would be further reduced over the long term as a result of the 
natural degradation processes of SVOCs in the surface soils.  The RAOs for groundwater 
and sub-slab soil gas would not be achieved by SS Alternative 3. 
 
Cost:  The estimated 30-year present worth cost for SS Alternative 3, given the estimated 
annual repairs to the cap, is $73,500.  The cost summary is presented in Table 7.9. 
 
 
7.2.4 SURFACE SOIL ALTERNATIVE 4: 

EXCAVATION WITH OFF-SITE DISPOSAL  
AND INSTITUTIONAL CONTROL   

7.2.4.1 DESCRIPTION 

Surface Soil Alternative 4 (SS Alternative 4) includes: 
 
i) excavation of surface soil within the former Barge Turnaround exhibiting SVOC 

concentrations exceeding SCGs; 

ii) off-Site disposal of the excavated soil at a permitted landfill; and 

iii) implementation of institutional controls to restrict exposure to contaminated 
subsurface soil. 

 
The estimated area from which surface soil would be excavated is shown on Figure 7.6.  
Additional surface soil sampling and analyses may be required prior to commencement 
of the excavation activities to further define the horizontal extent of the excavation.  
Given that the former Barge Turnaround has been filled with debris from several sources, 
definition of the limit of excavation may be difficult. 
 
The surface soils would be excavated to a depth sufficient to allow sufficient backfill to 
cover the remaining soil/soil and maintain surface water drainage.  For the purpose of 
this FS, it is assumed that soils would be removed from the area to a depth of 1 foot.  
Excavated soils would be transported to an off-Site, permitted TSDF for treatment (if 
required) and disposal. 
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Following completion of the excavation activities, the bottom of the excavation would be 
covered with filter fabric to provide a visual separation between the soil and the 
imported cover.  The excavation would then be backfilled with a minimum of 1 foot of 
clean, imported, granular fill and regraded as necessary to promote drainage.  The filled 
area will be covered with 4 inches of topsoil and revegetated. 
 
Excavated soil likely would be removed from the Site concurrently with the excavation 
activities. 
 
 
7.2.4.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  SS Alternative 4 would be 
protective of human health by preventing potential incidental exposure to contaminated 
soil.  SS Alternative 4 would be protective of the environment by reducing the future 
potential transport of SVOCs on soil to off-Site areas as a result of wind dispersion, 
surface runoff, or other mechanical means. 
 
Compliance with SCGs:  SS Alternative 4 would achieve the chemical-specific SCGs 
which apply to surface soil.  However, the chemical-specific SCGs applying to subsurface 
soils may not be achieved. 
 
The potentially applicable action-specific SCGs for this Alternative are those listed in 
Table 4.4 under the following headings: 
 
i) Capping; 

ii) Container Storage; 

iii) Excavation; 

iv) Surface Water Control; 

v) Waste Pile;  

vi) Closure with Waste in Place; and 

vii) Transporting Hazardous Waste Off Site. 
 
These SCGs would be satisfied by SS Alternative 4. 
 
The potentially applicable location-specific SCGs for this Alternative are the Village of 
Clyde zoning ordinances and building codes. 
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Reduction of Toxicity, Mobility, or Volume:  SS Alternative 4 does not provide a 
reduction in toxicity or volume of COCs in excavated soil unless treatment is required at 
the disposal facility.  Mobility of SVOCs in surface soil would be reduced through the 
mitigation of transport of soil from the area.  
 
SS Alternative 4 will not achieve the RAOs for groundwater or sub-slab soil gas. 
 
Short-Term Effectiveness:  Surface soil excavation and excavation backfill can be 
completed using standard techniques.  Short-term hazards to workers would be 
mitigated through proper work and health and safety procedures.  The short-term 
effectiveness of SS Alternative 4 would be almost immediate upon completion since the 
potential for direct exposure of human receptors to surface soils in the former Barge 
Turnaround would be eliminated immediately.  Dust control and community air 
monitoring programs would be implemented during construction activities to control 
short-term risks posed to the community by SS Alternative 4. 
 
Long-Term Effectiveness and Permanence:  SS Alternative 4 is a permanent solution to 
prevent exposure to contaminated surface soils.  The enforcement of the institutional 
controls to be established for SS Alternative 4 would make this Alternative effective to 
prevent exposure to chemicals in remaining impacted subsurface soils, if present. 
 
Cost:  The estimated 30-year present worth cost for SS Alternative 4 is $115,000, assuming 
that the excavated materials are classified hazardous and are landfilled without 
pretreatment.  The cost summary is presented in Table 7.10.  The cost of SS Alternative 4 
is highly dependent upon i) the volume of soil excavated; and ii) whether the excavated 
soil is a hazardous waste for disposal.  Disposal costs range between approximately 
$60/ton for non-hazardous material and $400/ton for hazardous material requiring 
pretreatment and disposal in a secure (Subtitle C) landfill.  With this range of disposal 
costs, SS Alternative 4 is estimated to cost between approximately $80,000 and $180,000. 
 
 
7.3 SOIL GAS/INDOOR AIR 

The soil gas/indoor air remedial technologies retained following the initial screening 
have been assembled into the following alternatives for detailed analysis. 
 
i) Soil Gas Alternative 1: No Action; 

ii) Soil Gas Alternative 2: Sub-Slab Ventilation with Carbon; and 

iii) Soil Gas Alternative 3: Soil Vapor Extraction with Carbon Treatment. 
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7.3.1 SOIL GAS ALTERNATIVE 1:  NO ACTION 

7.3.1.1 DESCRIPTION 

Soil Gas Alternative 1 (SG Alternative 1), No Action, provides no active remedial 
measures to improve environmental conditions at the Site.  COC concentrations in 
sub-slab soil gas would decrease over time as groundwater quality is restored.  No 
further remedial actions addressing sub-slab soil gas would be conducted. 
 
As discussed previously, the potential route for human exposure to sub-slab soil gas is 
through intrusion into indoor air and subsequent inhalation by workers at the Site, 
particularly inside the manufacturing building.  There is little potential for transport of 
soil gas to indoor air within the manufacturing building.  There are no sumps or floor 
drains in the building.  Further, the floor within the manufacturing portion of the 
building (which comprises approximately 90 percent of the building area) is sealed with 
an epoxy coating which is routinely maintained.  The floors of the other portions of the 
building are covered with tile or carpet. 
 
 
7.3.1.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  Because no remedial 
measures are implemented with SG Alternative 1, the potential future risk to human 
health and the environment would not be reduced beyond that which is already realized 
as a result of the building maintenance and air monitoring programs.  No change in Site 
use or building configuration or further degradation of sub-slab vapor quality is 
anticipated.  Therefore, increased future risk due to intrusion of soil vapors to indoor air 
is unlikely. 
 
Compliance with SCGs:  SG Alternative 1 would not achieve the chemical-specific SCGs 
listed in Table 4.3.  Since no remedial action would be implemented, no action-specific or 
location-specific SCGs apply to SG Alternative 1. 
 
Reduction of Toxicity, Mobility, or Volume:  SG Alternative 1 provides no active 
reduction of toxicity, mobility, or volume of the COCs.  However, over the long term, the 
volume and toxicity of COCs in sub-slab soil gas will be reduced through natural 
attenuation as groundwater COC concentrations decrease. 
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Short-Term Effectiveness: SG Alternative 1 requires no remedial actions.  Therefore, there 
would be no additional short-term risks posed to the community, the workers, or the 
environment as a result of the implementation of this alternative. 
 
Long-Term Effectiveness and Permanence: Because this Alternative would not result in 
any further remedial actions, the residual risks would not be reduced beyond that which 
will be achieved through natural attenuation and the ongoing building maintenance and 
indoor air monitoring programs.  RAOs would not be met by SG Alternative 1, and a 
permanent remedy would not be provided. 
 
Implementability:  Because there are no remedial actions being undertaken, the 
implementability criterion is not applicable. 
 
Cost:  Because there are no remedial actions, institutional controls, or monitoring being 
undertaken, there are no costs associated with SG Alternative 1.  The cost summary is 
presented in Table 7.11. 
 
 
7.3.2 SOIL GAS ALTERNATIVE 2: SUB-SLAB VENTILATION 

7.3.2.1 DESCRIPTION 

Soil Gas Alternative 2 (SG Alternative 2), Sub-Slab Ventilation with Vapor Treatment As 
Required, consists of the installation of a sub-slab venting system beneath the floor slab 
of the manufacturing building.  The venting system provides a preferential pathway for 
the migration of sub-slab soil gas, preventing its possible intrusion into indoor air.  
 
At the Site, the sub-slab ventilation system would consist of vapor extraction wells 
connected to a vacuum system.  The vacuum system would be of a size sufficient to 
provide adequate pressure to create and maintain a gradient for vapor flow into the 
system.  For the purpose of the FS, it is assumed that six wells would be installed along 
the center line of the manufacturing building and that, to prevent odor nuisance, vented 
vapors would be passed through vapor phase carbon prior to discharge to ambient air. 
 
 
7.3.2.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  The ongoing OSHA indoor 
air monitoring program demonstrates that there is currently no risk to human health 
posed by the presence of VOCs in soil vapor beneath the slab of the manufacturing 
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building.  SG Alternative 2 would be protective of future human health exposure through 
the collection of soil vapors. 
 
Compliance with SCGs:  SG Alternative 2 will achieve the chemical-specific SCGs as long 
as the vented vapors are treated.  The action-specific SCGs that may apply to SG 
Alternative 2 are those listed in Table 4.4 under the headings: 
 

i) Container Storage;  

ii) Land Treatment;  

iii) Surface Water Control; 

iv) Treatment (in a unit);  

v) Closure of Land Treatment Units;  

vi) Transporting Hazardous Waste Off Site; and 

vii) Vapor Emissions. 
 
No location-specific SCGs apply to SG Alternative 2. 
 
Reduction of Toxicity, Mobility, or Volume:  SG Alternative 2 would reduce the mobility 
of COCs in soil gas.  SG Alternative 2 would not provide reduction of toxicity or volume 
of the COCs in soil gas unless treatment is required. 
 
Short-Term Effectiveness:  Short-term hazards to workers during the ventilation system 
installation would be mitigated through the implementation of safe work practices and 
proper PPE.  The short-term effectiveness of SG Alternative 2 would be almost immediate 
upon completion, as a result of the near-immediate reduction in potential COC migration 
into indoor air in the manufacturing building.  No additional short-term risks would be 
posed to the community of the environment. 
 
Long-Term Effectiveness and Permanence:  The implementation of SG Alternative 2 will 
achieve the sub-slab soil gas RAOs through long-term maintenance of a negative 
pressure preventing flow of vapors to indoor air.  Vapor treatment would permanently 
remove COCs from the soil gas.  SG Alternative 2 would achieve the RAOs for sub-slab 
soil gas.  The RAOs for groundwater or surface soil would not be met by SG 
Alternative 2. 
 
Implementability:  The implementability of SG Alternative 2 is dependent upon the 
construction details of the manufacturing building. 
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Cost:  The estimated 30-year present worth cost for SG Alternative 2 as described in 
Section 7.3.2.1 is $155,000.  The cost summary is presented in Table 7.12. 
 
 
7.3.3 SOIL GAS ALTERNATIVE 3:   

SOIL VAPOR EXTRACTION WITH CARBON TREATMENT 

7.3.3.1 DESCRIPTION 

Soil Gas Alternative 3 (SG Alternative 3), Soil Vapor Extraction with Carbon Treatment, 
consists of the installation of a SVE system beneath the floor slab of the manufacturing 
building.  The SVE system would actively extract soil vapors, promote additional 
volatilization from soil and/or groundwater, and ultimately prevent intrusion of sub-slab 
soil vapors into indoor air. 
 
For the purpose of the FS, it is assumed that nine wells would be installed evenly spaced 
in the manufacturing building and that extracted vapors would be passed through vapor 
phase carbon for treatment prior to discharge to ambient air. 
 
Monitoring of SG Alternative 3 would consist of monthly sampling of influent and 
effluent from the vapor treatment system with analysis of the samples for VOCs. 
 
 
7.3.3.2 ASSESSMENT 

Overall Protection of Human Health and the Environment:  The ongoing OSHA indoor 
air monitoring program demonstrates that there is currently no risk to human health 
posed by the presence of  VOCs in soil vapor beneath the slab of the manufacturing 
building.  SG Alternative 3 would be protective of future human health exposure and the 
environment through the collection and treatment of soil vapors.  
 
Compliance with SCGs: SG Alternative 3 would achieve the chemical-specific SCGs in 
sub-slab soil gas assuming that the on-going source of COCs (groundwater COC 
presence) is removed.  The action-specific SCGs that may apply to SG Alternative 3 are 
those listed in Table 4.4 under the headings: 
 
i) Container Storage;  

ii) Land Treatment;  

iii) Surface Water Control; 

iv) Treatment (in a unit);  
 
  
 

035048 (2) 70 CONESTOGA-ROVERS & ASSOCIATES 



 

v) Closure of Land Treatment Units;  

vi) Transporting Hazardous Waste Off Site; and 

vii) Vapor Emissions. 
 
The potentially applicable location-specific SCG for this Alternative is the Village of 
Clyde zoning ordinances and building codes.  
 
Reduction of Toxicity, Mobility, or Volume:  SG Alternative 3 would reduce the toxicity 
and mobility of COCs in soil gas.  The volume of COCs in soil gas would be reduced by 
SG Alternative 3 once the ongoing source (COCs in groundwater) has been removed. 
 
Short-Term Effectiveness:  Short-term hazards to workers during the installation of the 
SVE system would be mitigated through the implementation of safe work practices and 
proper PPE.  The short-term effectiveness of SG Alternative 3 would be almost immediate 
upon completion, as a result of the near-immediate reduction in potential COC migration 
into indoor air in the manufacturing building.  No additional short-term risks would be 
posed to the community of the environment. 
 
Long-Term Effectiveness and Permanence: The implementation of SG Alternative 3 will 
achieve the sub-slab soil gas RAOs through long-term extraction of vapors preventing 
flow of vapors to indoor air.  Vapor treatment would permanently remove COCs from 
the soil gas.  SG Alternative 3 would achieve the RAOs for sub-slab soil gas.  The RAOs 
for groundwater or surface soil would not be met by SG Alternative 3. 
 
Implementability:  The implementability of SG Alternative 3 is dependent upon the 
ability to install an adequate number of extraction wells beneath the floor of the 
manufacturing building. 
 
Cost:  The estimated 30-year present worth cost for SG Alternative 3 as described in 
Section 7.3.3.1 is $777,000.  The cost summary is presented in Table 7.13. 
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8.0 COMPARATIVE ANALYSES OF REMEDIAL ALTERNATIVES 

The purpose of the comparative analysis is to identify the relative advantages and 
disadvantages of each Alternative evaluated in detail in the previous sections.  The 
detailed evaluation assessed each remedial Alternative independently.  The comparison 
of remedial alternatives in this section evaluates the relative performance of each 
Alternative with respect to the detailed evaluation criteria:  overall protection of human 
health and the environment, compliance with SCGs, short term effectiveness, long-term 
effectiveness and permanence, reduction of toxicity, mobility, and volume, 
implementability and cost. 
 
 
8.1 COMPARATIVE ANALYSIS OF  

GROUNDWATER REMEDIAL ALTERNATIVES 

Table 8.1 presents a ranking of each of the groundwater remedial alternatives included in 
the detailed analysis presented in Section 7.1.  Discussions of the relative advantages and 
disadvantages of the alternatives are presented in the following subsections. 
 
Each of the groundwater remedial alternatives except the No Action Alternative would 
be combined with additional institutional controls and overburden and bedrock 
groundwater monitoring.  The costs associated with the institutional controls and 
monitoring are included in the cost estimates presented in Tables 7.1 through 7.6. 
 
 
8.1.1 OVERALL PROTECTION OF HUMAN HEALTH  

AND THE ENVIRONMENT  

The groundwater remedial alternatives are ranked as follows relative to overall 
protection of human health and the environment: 
 
i) GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control; 

ii) GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation and 
Institutional Control; 

iii) GW Alternative 4, PRB with Enhanced Biodegradation in Hotspots and 
Institutional Control; 

iv) GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment 
and Disposal; GW Alternative 2, MNA with Institutional Control; and 

v) GW Alternative 1, No Action. 
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GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control, would 
be the most protective of human health and the environment.  In situ enhancement of 
biodegradation in the areas in which COC concentrations are the highest would 
immediately reduce chemical presence, consequently also immediately reducing the 
potential risk to human health and the environment.  This would be especially effective 
in the hotspot areas beneath the manufacturing building which is the only area of the Site 
in which there is currently potential for human exposure to groundwater COCs (via 
transport to sub-slab soil vapor and subsequently to indoor air).  
 
GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in Hotspots and 
Institutional Control, is ranked second in protectiveness.  GW Alternative 5 will 
immediately reduce chemical presence in groundwater beneath the manufacturing 
building with an associated immediate reduction in potential risk to human health due to 
transport of COCs to sub-slab soil vapor and subsequently to indoor air.  GW 
Alternative 5 will also directly treat COC presence in groundwater in the former Barge 
Turnaround. 
 
GW Alternative 4, PRB with Enhanced Biodegradation in Hotspots and Institutional 
Control, is ranked third in protection.  GW Alternative 4 will immediately reduce 
chemical presence in groundwater beneath the manufacturing building with an 
associated immediate reduction in potential risk to human health due to transport of 
COCs to sub-slab soil vapor and subsequently to indoor air.  GW Alternative 4 is deemed 
less protective than GW Alternative 5 because treatment in the former Barge Turnaround 
would occur at the rate at which groundwater flows through the reactive barrier.  Thus, 
the restoration time for groundwater quality is expected to be longer with GW 
Alternative 4 than with GW Alternative 5. 
 
The protectiveness provided by GW Alternative 6, Hydraulic Containment/Collection 
with On-Site Treatment and Disposal, is ranked fourth.  GW Alternative 6 would 
effectively reduce the potential risk to human health and the environment primarily 
through containment of groundwater exhibiting COC presence.  GW Alternative 6 would 
also provide reductions in COC presence; however, the dilution effects expected as 
waters are drawn into the system from the areas surrounding the former Barge 
Turnaround, which contain lower chemical concentrations, are expected to make this 
technology less efficient than most others.  There would be no immediate reduction in the 
current potential for risk to human health (transport of COCs to indoor air) with the 
implementation of GW Alternative 6. 
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The monitoring conducted in conjunction with GW Alternative 2, MNA with 
Institutional Control, would make this Alternative more protective than GW 
Alternative 1 (No Action).  However, the restoration of groundwater quality would not 
be accelerated beyond that which would be achieved by the natural attenuation 
processes.  That being said, the studies conducted at the Site to date demonstrate that 
natural attenuation is effectively reducing chemical presence in the former Barge 
Turnaround area. 
 
GW Alternative 1, No Action, provides the least additional protection to human health or 
the environment. 
 
 
8.1.2 COMPLIANCE WITH SCGS 

All the GW Alternatives considered for the Site will achieve compliance with SCGs over 
time.  Groundwater Alternative 1, No Action, is ranked sixth in compliance with SCGs.  
All other alternatives are ranked equally, as each will achieve the chemical-specific SCGs 
either through natural attenuation or a combination of natural attenuation and another 
remedial technology. All groundwater alternatives will comply with the applicable 
action- and location-specific SCGs, where such exist. 
 
 
8.1.3 REDUCTION  OF TOXICITY, MOBILITY, AND VOLUME 

All the GW Alternatives considered for the Site will achieve reductions in toxicity and 
volume over time.  The groundwater remedial alternatives are ranked as follows relative 
to reduction of toxicity, mobility, and volume: 
 
i) GW Alternative 4, PRB with Enhanced Biodegradation in Hotspots and 

Institutional Control; 

ii) GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment 
and Disposal; 

iii) GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control; 

iv) GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in 
Hotspots and Institutional Control; 

v) GW Alternative 2, MNA with Institutional Control; and 

vi) GW Alternative 1, No Action. 
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GW Alternative 4, PRB with Enhanced Biodegradation in Hotspots and Institutional 
Control, is ranked first in reduction of toxicity, mobility, and volume.  The toxicity and 
volume of COCs in groundwater will be reduced by GW Alternative 4.  As a result, the 
volume of COCs in sub-slab soil gas will also be reduced.  GW Alternative 4 will also 
reduce the mobility of COCs in overburden groundwater by providing a barrier to 
additional off-Site migration. 
 
GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment and 
Disposal, is ranked second in reduction of toxicity, mobility, and volume.  However, this 
ranking is based on the presumption that this technology will provide additional 
reductions in toxicity and volume beyond those achieved through natural attenuation 
and that it does not inhibit the Site's ongoing natural attenuation processes.  GW 
Alternative 6 would also provide a barrier to off-Site migration of overburden 
groundwater from the former Barge Turnaround. 
 
GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control, is 
ranked third in reduction of toxicity, mobility, and volume.  GW Alternative 3 will 
achieve reductions in toxicity and volume of COCs in groundwater.  However, the 
mobility of impacted groundwater would not be reduced by GW Alternative 3. 
 
GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in Hotspots and 
Institutional Control, is ranked fourth in reduction of toxicity, mobility, and volume.  
Immediate reductions in toxicity and volume of COCs in groundwater in the immediate 
treatment area would be realized with GW Alternative 5.  However, there is concern that 
the aeration of the groundwater aquifer, which will occur as a result of the 
implementation of this technology, will inhibit the Site's natural attenuation processes.  A 
risk of increasing the mobility of COCs in groundwater and soil vapor is associated with 
GW Alternative 5. 
 
GW Alternatives 1 and 2, No Action and MNA with Institutional Control are ranked 
sixth and fifth in reduction of toxicity, mobility, and volume, respectively.  The 
reductions in toxicity and volume of COCs in groundwater will be the same in both 
remedial alternatives.  However, the monitoring component of GW Alternative 2 will 
reduce mobility through identification of changes in groundwater flow patterns. 
 
 
8.1.4 SHORT-TERM EFFECTIVENESS 

The groundwater remedial alternatives are ranked as follows relative to short-term 
effectiveness: 
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i) GW Alternative 1, No Action; 

ii) GW Alternative 2, MNA with Institutional Control; 

iii) GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control; 

iv) GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in 
Hotspots and Institutional Control; 

v) GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment 
and Disposal; and 

vi) GW Alternative 4, PRB with Enhanced Biodegradation and Institutional Control. 

 
No risk to the community, workers, or the environment would be presented by the 
implementation of GW Alternative 1, No Action.  Therefore, GW Alternative 1 is ranked 
first in short-term effectiveness. 
 
GW Alternative 2, MNA with Institutional Control, is ranked second in short-term 
effectiveness because a low risk to workers conducting monitoring activities would be 
present.  However, this risk can be mitigated through proper work procedures. 
 
The differences in short-term effectiveness associated with GW Alternatives 3 through 6 
are associated with the risks posed by system construction, maintenance, and monitoring 
activities and the potential for spills or leaks of treatment solutions or extracted 
groundwater.  All these risks can be minimized through the implementation of proper 
work procedures and operating plans. 
 
GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control, is 
ranked third in short-term effectiveness.  Risks to workers conducting monitoring 
activities are the same in GW Alternatives 2 and 3.  However, there is additional risk and, 
as a result, less effectiveness in GW Alternative 3 due to the storage and handling of the 
in situ treatment solutions. 
 
GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in Hotspots and 
Institutional Control, is ranked fourth in short-term effectiveness.  Risks to workers 
conducting monitoring activities are the same in GW Alternatives 2, 3, and 5.  However, 
additional risk and potentially less effectiveness are associated with the maintenance and 
operation of the stripping wells and treatment system in GW Alternative 5. 
 
GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment and 
Disposal, is ranked fifth in short-term effectiveness.  Risks to workers conducting 
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monitoring activities are the same in GW Alternatives 2, 3, 5, and 6.  However, greater 
risk and potentially less effectiveness is associated with GW Alternative 6 through the 
maintenance and operation of the extraction and treatment systems and the potential for 
leaks or spills of untreated extracted groundwater. 
 
GW Alternative 4, PRB with Enhanced Biodegradation and Institutional Control is 
ranked sixth in short-term effectiveness.  This ranking is due to the more complex nature 
of the construction activities associated with this alternative, the greater potential for dust 
dispersion, and anticipated increase in vehicle access. 
 
 
8.1.5 LONG-TERM EFFECTIVENESS AND PERMANENCE 

The groundwater remedial alternatives are ranked as follows relative to long-term 
effectiveness and permanence: 
 
i) GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control; 

ii) GW Alternative 4, PRB with Enhanced Biodegradation and Institutional Control; 

iii) GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment 
and Disposal; 

iv) GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in 
Hotspots and Institutional Control; 

v) GW Alternative 2, MNA with Institutional Control; and 

vi) GW Alternative 1, No Action. 

 
No significant continuing sources of VOCs to groundwater remain at the Site.  Therefore, 
since the Site's natural attenuation processes are effective for the destruction of COCs in 
groundwater, all remedial alternatives evaluated will provide long-term effectiveness 
and permanence. 
 
GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control, is 
ranked first in long-term protectiveness and permanence because it is the most 
predictable of the alternatives and will reduce chemical concentrations through treatment 
(in situ biodegradation) thus accelerating the restoration of groundwater quality.  The 
extent of natural attenuation at the Site is well defined and will effectively and 
permanently degrade and destroy the COCs in groundwater.  The enforcement of the 
institutional controls will protect residents and workers until such time as the restoration 
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of groundwater quality to the extent appropriate for the intended future land use is 
complete. 
 
GW Alternative 4, PRB with Enhanced Biodegradation and Institutional Control, is 
ranked second in long-term protectiveness and permanence.  GW Alternative 4 is ranked 
lower than GW Alternative 3 because the permanence of the reactive barrier is unknown. 
 
GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment and 
Disposal, is ranked third in long-term protectiveness and permanence.  More uncertainty 
as to long-term effectiveness is associated with GW Alternative 6 as it is difficult to 
establish and maintain hydraulic containment.  In addition, the effect that groundwater 
pumping will have on the natural attenuation mechanisms is unknown.  The permanence 
of the remedy is also uncertain as extraction well and treatment system maintenance may 
be problematic due to the high metals content of the groundwater and potential for 
fouling of well screens, pumps, and treatment equipment. 
 
GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in Hotspots and 
Institutional Control, is ranked fourth in long-term protectiveness and permanence.  
Uncertainties similar to those described for GW Alternative 6 are associated with GW 
Alternative 5.  The implementation of GW Alternative 5 is more likely to interfere with 
the Site's ongoing natural attenuation processes and, therefore, be less effective over the 
long term than the alternatives discussed previously.  The potential difficulty in the 
control of soil vapor migration with GW Alternative 5 also makes it less effective in 
mitigating risk to human health or the environment over the long term.  As with GW 
Alternative 6, the permanence of the remedy is uncertain as circulation well maintenance 
may be problematic due to the fouling of the well screens. 
 
GW Alternative 2, MNA with Institutional Control, provides greater long-term 
effectiveness than GW Alternative 1, No Action, through the monitoring of groundwater 
and enforcement of institutional controls for protection of residents and workers while 
restoration of groundwater quality is underway. 
 
The long-term effectiveness and permanence of GW Alternative 1, No Action, is the 
lowest of the remedial alternatives evaluated.  While the Site's ongoing natural 
attenuation processes will effectively and permanently restore groundwater quality over 
the long term, there would not be protection provided by the institutional controls which 
are part of the other remedies. 
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8.1.6 IMPLEMENTABILITY 

The groundwater remedial alternatives are ranked as follows relative to 
implementability: 
 
i) GW Alternative 1, No Action; 

ii) GW Alternative 2, MNA with Institutional Control; 

iii) GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control; 

iv) GW Alternative 5, In-Well Air Stripping with Enhanced Biodegradation in 
Hotspots and Institutional Control; 

v) GW Alternative 6, Hydraulic Containment/Collection with On-Site Treatment 
and Disposal; and 

vi) GW Alternative 4, PRB with Enhanced Biodegradation and Institutional Control. 

 
GW Alternative 1, No Action, would be the most implementable since there would be no 
work involved and thus no access to off-Site properties required, interference with 
ongoing facility operations, and no imposition or enforcement of institutional controls. 
 
The ability to impose and enforce institutional controls is a major factor in the 
implementability of the other remedial alternatives.  The other important factor is the 
acquisition of access permission to off-Site properties for construction/treatment and 
monitoring and maintenance. 
 
The differences in ranking are primarily due to the access issues.  GW Alternative 4, PRB 
with Enhanced Biodegradation and Institutional Control will require access to areas 
beyond the former Barge Turnaround for construction.  Therefore, it is considered the 
most difficult to implement.  The other alternatives are ranked based upon the extent 
access is required to the off-Site areas and the duration and frequency of system 
operation and maintenance. 
 
 
8.1.7 COST 

The cost associated with the implementation of the groundwater remedial alternatives is 
lowest for GW Alternative 1, No Action ($0).  The costs of GW Alternatives 2 through 6 
are $609,000, $876,000, $1,898,000, $2,504,000, and $2,991,000, respectively. 
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8.2 COMPARATIVE ANALYSIS OF REMEDIAL 
ALTERNATIVES FOR SURFACE SOIL  

Table 8.2 presents a ranking of each of the surface soil remedial alternatives included in 
the detailed analysis presented in Section 7.2.  Discussions of the relative advantages and 
disadvantages of the alternatives are presented in the following subsections. 
 
 
8.2.1 OVERALL PROTECTION OF HUMAN HEALTH  

AND THE ENVIRONMENT  

The surface soil remedial alternatives are ranked as follows relative to overall protection 
of human health and the environment: 
 
i) SS Alternative 4, Excavation and Disposal; 

ii) SS Alternative 3, Capping with Institutional Control; 

iii) SS Alternative 2, Institutional Control and Fencing; and 

iv) SS Alternative 1, No Further Action. 

 
SS Alternative 4, Excavation and Disposal provide the highest overall protection of 
human health and the environment.  Excavation of surface soils with disposal in 
accordance with applicable regulations will eliminate potential impacts on human health 
through removal and potential impacts to the environment through transport to off-Site 
areas.  Subsurface soil exhibiting chemical presence may be left in place; however, it 
would be covered with the permeable backfill preventing incidental contact. 
 
SS Alternative 3, Capping with Institutional Control, is protective although the impacted 
soils will remain in place.  Potential incidental exposure to the soils or transport from the 
area will be eliminated because the soils will not be exposed.  The institutional controls 
will mitigate worker exposure through safe work practices. 
 
SS Alternative 2, Institutional Control and Fencing, will be protective of human health 
through the enforcement of institutional controls and restriction of access to the area in 
which the impacted soils are located.  No additional protection of the environment will 
be afforded by SS Alternative 2. 
 
SS Alternative 1, No Further Action, provides no protection to human health or the 
environment. 
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8.2.2 COMPLIANCE WITH SCGs 

The surface soil remedial alternatives are ranked as follows relative to compliance with 
SCGs: 
 
i) SS Alternative 4, Excavation and Disposal; 

ii) SS Alternative 3, Capping with Institutional Control; and 

iii) SS Alternative 2, Institutional Control and Fencing and SS Alternative 1, No 
Further Action. 

 
SS Alternative 4, Excavation and Disposal, will comply with the chemical-specific SCGs 
for surface soil by removing the surface soils from the Site.  Underlying soil would be 
covered with clean, imported fill. 
 
SS Alternative 3, Capping with Institutional Control, will comply with the 
chemical-specific SCGs for surface soil by covering the existing surface soil with clean, 
imported fill. 
 
Neither SS Alternative 1 (No Further Action) nor SS Alternative 2 (Institutional Control 
and Fencing) will comply with the chemical-specific SCGs. 
 
All surface soil alternatives will comply with the applicable action- and location-specific 
SCGs, where such exist. 
 
 
8.2.3 REDUCTION  OF TOXICITY, MOBILITY, AND VOLUME 

The surface soil remedial alternatives are ranked as follows regarding reduction of 
toxicity, mobility, and volume: 
 
i) SS Alternative 4, Excavation and Disposal; 

ii) SS Alternative 3, Capping with Institutional Control; and 

iii) SS Alternative 2, Institutional Control and Fencing and SS Alternative 1, No 
Further Action. 

 
SS Alternative 4, Excavation and Disposal, will reduce the mobility and volume of COCs 
in surface soils by removal from the Site.  Toxicity will be reduced through proper 
disposal at a TSDF. 
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SS Alternative 3, Capping with Institutional Control, will result in reduction in mobility 
of COCs in surface soil but will not effect the toxicity or volume. 
 
Neither SS Alternative 1, No Further Action, nor SS Alternative 2, Institutional Control 
and Fencing, will actively reduce the toxicity, mobility, or volume of the COCs in surface 
soil. 
 
 
8.2.4 SHORT-TERM EFFECTIVENESS 

The surface soil remedial alternatives are ranked as follows regarding short-term 
effectiveness: 
 
i) SS Alternative 1, No Further Action; 

ii) SS Alternative 2, Institutional Control and Fencing; 

iii) SS Alternative 3, Capping with Institutional Control; and 

iv) SS Alternative 4, Excavation and Disposal. 

 
No risk to the community, workers, or the environment would be presented by the 
implementation of SS Alternative 1, No Further Action. 
 
A low risk to community, workers, or the environment would be presented by SS 
Alternatives 2 and 3, Institutional Control and Fencing and Capping with Institutional 
Control.  However, these risks can be mitigated through proper work procedures.  SS 
Alternative 3 is ranked lower than SS Alternative 2 since handling of impacted surface 
soils (e.g., grading) may be required. 
 
The greatest risk to the community, workers, or the environment would be presented by 
the implementation of SS Alternative 4, Excavation and Disposal.  All these risks can be 
minimized through the implementation of proper work procedures and community 
monitoring plans. 
 
 
8.2.5 LONG-TERM EFFECTIVENESS AND PERMANENCE 

The surface soil remedial alternatives are ranked as follows relative to long-term 
effectiveness and permanence: 
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i) SS Alternative 4, Excavation and Disposal; 

ii) SS Alternative 3, Capping with Institutional Control; 

iii) SS Alternative 2, Institutional Control and Fencing; and 

iv) SS Alternative 1, No Further Action. 

 
SS Alternative 4, Excavation and Disposal, provides both long-term effectiveness and 
permanence through removal of the impacted surface soil from the Site. 
 
SS Alternative 3, Capping with Institutional Control, is similar to SS Alternative 4 in that 
it can provide long-term effectiveness.  However, SS Alternative 3 does not provide a 
permanent remedy, as the impacted soil will remain in place.  Risks associated with the 
remaining soil will be mitigated through the maintenance of the cap and enforcement of 
the institutional controls for protection of workers required to perform sub-surface 
activities in the area. 
 
SS Alternative 2, Institutional Control and Fencing, can provide long-term effectiveness 
by preventing incidental contact with impacted surface soil.  However, SS Alternative 2 
does not provide a permanent remedy. 
 
No long-term effectiveness or permanence is provided by SS Alternative 1, No Further 
Action.  
 
 
8.2.6 IMPLEMENTABILITY 

The surface soil remedial alternatives are ranked as follows for implementability: 
 
i) SS Alternative 1, No Further Action; 

ii) SS Alternative 2, Institutional Control and Fencing; 

iii) SS Alternative 3, Capping with Institutional Control; and 

iv) SS Alternative 4, Excavation and Disposal. 

 
SS Alternative 1 would be the most implementable since there would be no work 
involved. 
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The implementability of the other alternatives is primarily dependent upon: 
 
i) the ability to obtain access to off-Site properties for construction and long-term 

maintenance; and 

ii) the complexity of the construction activities. 
 
Assuming that access is acquired, SS Alternative 4, Excavation and Disposal, would be 
the most difficult to implement. 
 
The former Barge Turnaround is a lowlying area, which is wet during most seasons.  
Implementation of SS Alternative 4 would be very difficult if the excavation were to be 
conducted under these wet conditions.  Dewatering of excavated materials with 
containment and possibly treatment of water would be difficult to implement and would 
add significant additional cost. 
 
 
8.2.7 COST 

The cost associated with the implementation of the surface soil remedial alternatives is 
lowest for SS Alternative 1, No Further Action ($0).  The costs of SS Alternatives 2 
through 4 are $54,500, $73,500, and $115,000, respectively.  There is a high degree of 
uncertainty associated with the cost of SS Alternative 4, Excavation and Disposal.  These 
uncertainties include the extent of the excavation due to the presence of fill materials 
from other sources, the unknown characterization of the excavated materials for disposal, 
and the handling of excavated soils and water should the excavation have to be 
conducted during wet periods. 
 
 
8.3 COMPARATIVE ANALYSIS OF REMEDIAL 

ALTERNATIVES FOR SUB-SLAB SOIL VAPOR 

Table 8.3 presents a ranking of each of the sub-slab soil vapor remedial alternatives 
included in the detailed analysis presented in Section 7.3.  Discussions of the relative 
advantages and disadvantages of the alternatives are presented in the following 
subsections. 
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8.3.1 OVERALL PROTECTION OF HUMAN HEALTH  
AND THE ENVIRONMENT  

The sub-slab soil vapor remedial alternatives are ranked as follows relative to overall 
protection of human health and the environment: 
 
i) SG Alternative 2, Sub-Slab Ventilation; 

ii) SG Alternative 3, Soil Vapor Extraction; and 

iii) SG Alternative 1, No Action. 

 
SG Alternative 2, Sub-Slab Ventilation, will be protective of human health through the 
venting of sub-slab vapors to ambient air thus preventing intrusion into indoor air. 
 
SG Alternative 3, Soil Vapor Extraction, would also be protective of human health 
through the extraction of sub-slab vapors thus preventing intrusion into indoor air.  
However, there is potential that the vapor extraction process could interfere with the 
natural attenuation processes for COCs in groundwater beneath the manufacturing 
building. 
 
SG Alternative 1, No Action, provides no additional protection to human health or the 
environment.  
 
 
8.3.2 COMPLIANCE WITH SCGS 

The sub-slab soil vapor remedial alternatives are ranked as follows relative to compliance 
with SCGs: 
 
i) SG Alternative 3, Sub-Slab Ventilation; 

ii) SG Alternative 2, Soil Vapor Extraction; and 

iii) SG Alternative 1, No Action. 

 
There are no promulgated chemical-specific SCGs applicable directly to sub-slab soil 
vapors.  Over time, VOC concentrations in sub-slab soil vapor will be reduced through 
combinations of natural attenuation and the implementation of groundwater and/or 
sub-slab soil vapor remedial alternatives.  The ranking of the sub-slab soil vapor remedial 
alternatives is based on these anticipated reductions. 
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SG Alternative 3, Soil Vapor Extraction, would reduce concentrations of VOCs in 
sub-slab soil vapor over time. 
 
SG Alternative 2, Sub-Slab Ventilation, will reduce concentrations of VOCs in sub-slab 
soil vapor if the vented vapors are treated and will prevent migration of VOCs in 
sub-slab vapor into the indoor air of the manufacturing building. 
 
SG Alternative 1, No Action, will not reduce concentrations of VOCs in sub-slab soil 
vapor nor will it address intrusion of sub-slab vapors into indoor air. 
 
All sub-slab soil vapor alternatives will comply with the applicable action- and 
location-specific SCGs. 
 
 
8.3.3 REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 

The sub-slab soil vapor remedial alternatives are ranked as follows relative to reduction 
of toxicity, mobility, and volume: 
 
i) SG Alternative 3, Sub-Slab Ventilation; 

ii) SG Alternative 2, Soil Vapor Extraction; and 

iii) SG Alternative 1, No Action. 

 
SG Alternative 3, Soil Vapor Extraction, will reduce the toxicity, mobility, and volume of 
VOCs in sub-slab soil vapor through extraction of the vapors with treatment prior to 
discharge to ambient air. 
  
SG Alternative 2, Sub-Slab Ventilation, will reduce the mobility of soil vapors by 
preventing intrusion into indoor air.  SG Alternative 2 will not reduce the toxicity or 
volume of VOCs in sub-slab soil vapor. 
 
SG Alternative 1, No Action, will not actively reduce the toxicity, mobility, or volume of 
the VOCs in sub-slab soil vapor. 
 
 
8.3.4 SHORT-TERM EFFECTIVENESS 

The sub-slab soil vapor remedial alternatives are ranked as follows for short-term 
effectiveness: 
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i) SG Alternative 1, No Action; 

ii) SG Alternative 2, Sub-Slab Ventilation; and 

iii) SG Alternative 3, Soil Vapor Extraction. 

 
No risk to the community, workers, or the environment would be presented by the 
implementation of SG Alternative 1, No Action. 
 
A low risk to workers inside the manufacturing building would be presented by SG 
Alternatives 2 and 3 during construction.  However, these risks can be mitigated through 
proper work procedures and scheduling.  SG Alternative 3 has additional potential risk 
associated with discharge of extracted vapors. 
 
 
8.3.5 LONG-TERM EFFECTIVENESS AND PERMANENCE 

The sub-slab soil vapor remedial alternatives are ranked as follows for long-term 
effectiveness: 
 
i) SG Alternative 3, Soil Vapor Extraction; 

ii) SG Alternative 2, Sub-Slab Ventilation; and 

iii) SG Alternative 1, No Action. 

 
SG Alternative 3, Soil Vapor Extraction, can provide long-term effectiveness through the 
extraction of sub-slab soil vapors and a permanent remedy through the treatment of 
VOCs in the extracted vapors. 
 
SG Alternative 2, Sub-Slab Ventilation, can provide long-term effectiveness through the 
mitigation of soil vapor intrusion into indoor air.  However, SG Alternative 2 does not 
provide a permanent remedy in that VOCs present in sub-slab vapors will not be 
destroyed.  Nonetheless, the venting of vapors to ambient air (with treatment , if 
necessary) will be protective of human health. 
 
No long-term effectiveness or permanence is provided by SG Alternative 1, No Action. 
 
 
8.3.6 IMPLEMENTABILITY 

The sub-slab soil vapor remedial alternatives are ranked as follows for implementability: 
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i) SG Alternative 1, No Action; 

ii) SG Alternative 2, Sub-Slab Ventilation; and 

iii) SG Alternative 3, Soil Vapor Extraction 

 
SG Alternative 1 would be the most implementable since there would be no work 
involved. 
 
SG Alternative 2, Sub-Slab Ventilation, is implementable with difficulty due to 
interference with manufacturing activities.  These interferences can be minimized 
through adjusting work schedules during construction and through proper siting of 
permanent features of the ventilation system. 
 
SG Alternative 3, Soil Vapor Extraction, will be the most difficult to implement due to the 
more extensive extraction and treatment systems. 
 
 
8.3.7 COST 

The cost associated with the implementation of the sub-slab soil vapor remedial 
alternatives is lowest for SG Alternative 1, No Action ($0).  The costs of SG Alternatives 2 
and 3 are $155,000 and $777,000, respectively. 
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9.0 RECOMMENDED REMEDIAL ALTERNATIVE 

The remedial Alternative recommended for the Site is a combination of remedial 
alternatives for groundwater, surface soil, and sub-slab soil vapor.  The recommended 
remedial Alternative is: 
 
i) GW Alternative 3, Enhanced Biodegradation with MNA and Institutional Control; 

ii) SS Alternative 3, Capping; and 

iii) SG Alternative 2, Sub-Slab Ventilation. 

 
This combination of remedial alternatives will achieve the RAOs for each of the 
environmental media as discussed previously in this FS Report. 
 
The total estimated cost of the recommended remedial Alternative is $1,104,500. 
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