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EXECUTIVE SUMMARY 
This report presents the results of a Feasibility Study (FS) performed by Tetra Tech EC, 
Inc. (TtEC) on behalf of National Grid (NG) for the Troy (Smith Avenue) Site (the Site) 
in Troy, New York. The conceptual FS approach is based on the site investigation 
findings and was developed as an outcome of discussions and meetings with NG, the 
U.S. Army Corps of Engineers (ACOE), and the New York State Department of 
Environmental Conservation (NYSDEC). The focus of this FS is the selection of 
preferred remedial alternatives for soil and groundwater. The FS satisfies requirements 
specified in the 2003 Order-On-Consent (Index #A4-0473-0000) between NG and the 
NYSDEC.  This Final FS addresses the comments provided by the NYSDEC in a July 
24, 2006 letter to National Grid.  Responses to the NYSDEC comments were detailed in 
the October 6, 2006 Response to Comments letter from Tetra Tech EC, Inc. to the 
NYSDEC.  The October 2006 Response to Comments letter was approved in a November 
21, 2006 letter from the NYSDEC. 

Based on the discussions and meetings that took place between NG, the ACOE, and the 
NYSDEC, it was determined that potential surface water and sediment concerns would 
be addressed as a separate operable unit.  Therefore, surface water and sediment remedial 
alternatives are not included in this FS Report. 

In addition, construction and remedial measures (disposal) to be implemented by the City 
of Troy at the Ingalls Avenue site are presented in this report.  The Ingalls Avenue site 
consists mostly of a former canal that was filled in the early 20th century, and is located 
south of the Troy (Smith Avenue) Site.  MGP purifier wastes have been noted at the 
Ingalls Avenue site.  A waste removal effort was performed at the Ingalls Avenue site in 
May 1999, and in 2003 NG performed an investigation to evaluate the possible presence 
of MGP residuals in the canal backfill material.  The City of Troy intends to construct a 
boat launch at the Ingalls Avenue site in conjunction with the creation of a public park in 
the area to the south.  MGP purifier wastes (if any) encountered during construction 
would be managed and disposed off-site in accordance with applicable rules and 
regulations.  

The purpose of this FS is to address on-site soil and groundwater impacts and to identify 
and evaluate remedial alternatives for these media.  The FS process included: 

• Establishment of remedial action objectives (RAOs); 
• Identification of general response actions (GRAs) to address the RAOs; 
• Identification and screening of technologies applicable to each GRA; 
• Selection of process options for retained technologies; 
• Combination of selected process options to form remedial alternatives; 
• Detailed evaluation of remedial alternatives; 
• Selection of the preferred remedial alternative; and 
• Documentation of the FS process in this report. 

The Troy (Smith Avenue) Site is located adjacent to the Hudson River at Smith Avenue 
in Troy, Rensselaer County, New York. The Site occupies a total of approximately five 
acres and is comprised of two properties, one owned by NG and the other by the ACOE. 
The southern and northeastern portions of the Site are owned by NG and are currently in 
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use for operation of a natural gas distribution and service facility. The northwestern 
portion of the Site, bordering the Troy Lock on the Hudson River, is owned by the 
ACOE. This property includes an active ACOE field office that serves primarily to 
operate and maintain the Troy Lock and Dam. Mixed residential and urban/commercial 
land use areas are immediately adjacent to the Site boundaries. Production of water gas 
began in 1888 at the Smith Avenue Site. In 1889, the Troy Fuel Gas Company 
consolidated into the Troy Gas Company and purchased three additional parcels north of 
Smith Avenue.  By 1903, there were two gas holders west of the gas plant on the bank of 
the Hudson River, and a third gas holder and three oil tanks west of the plant. The plant 
consisted of a purifying house, two coal sheds, nine water gas generators, a condenser, a 
black smith shop, an engineering room, a store house and an office.  After approximately 
1928, manufacturing of gas at the site ceased. A Preliminary Site Assessment (PSA) and 
Remedial Investigation (RI) were conducted at the site prior to the start of the FS. 
 
Soil Investigation Summary 
The strata underlying the Site are as follows in sequence from upper to lower: 

1. Fill Layer - brick, ash, sand, gravel, and cobbles (10 to 34 feet thick) 
2. Glacial-fluvial outwash deposit Stratum - sand and gravel (14 to 34 feet thick) 
3. Glacial till Stratum - dense sand, silt and gravel (<1 to 10 feet thick) 
4. Shale Bedrock – thin weathered bedrock layer over competent bedrock 

The depth to competent bedrock ranged from approximately 38 to 59 feet below ground 
surface. 

BTEX and PAHs were detected in surface and subsurface soil at the Site; the highest 
concentrations of these compounds were detected in the vicinity of the former gas holder 
on the ACOE property.  

Aroclor-1260 was detected in two samples; the maximum concentration was 0.09 mg/kg 
in a sample collected near the center of the site. PCBs were not detected in any of the 
surface soils. 

Cyanide was not detected in any of the subsurface soils, and was detected at very low 
concentrations in surface soils.  Metals, including arsenic, chromium, iron, lead, 
magnesium, manganese, mercury, nickel, potassium, selenium, thallium and vanadium, 
were detected at the Site.  Detected concentrations were below guidance values and/or 
background values in most cases, with the exceptions of arsenic, cadmium, and 
chromium.  

Groundwater Investigation Summary 
Shallow groundwater at the Site is present within the unconsolidated overburden 
materials and flows in a westerly direction across the Site toward and into the Hudson 
River.  Deeper groundwater at the Site resides within the shale bedrock and also flows in 
a westerly direction toward the Hudson River. The shallow groundwater regime is 
unconfined and functions in the manner to be expected of a typical water table aquifer. 
The deeper flow regime appears to be semi-confined and exhibits very low groundwater 
yields. Both flow regimes are influenced to some extent by tidal fluctuations in the river 
and also by the operations of Troy Lock No. 1. 
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BTEX and PAHs were detected in groundwater, with the highest concentrations observed 
on the eastern portion of National Grid’s property, at the end of Smith Avenue. 

Cyanide was not detected in any of the samples. 

Antimony, arsenic, beryllium, chromium, cobalt, copper, lead, nickel, potassium and 
vanadium were all detected in groundwater at the Site.  Detected concentrations were 
below guidance values in most cases, with the exceptions of arsenic and chromium.    

Non-Aqueous Phase Liquids 
MGP and petroleum residues and non-aqueous phase liquids (NAPL) were observed 
primarily in the unconsolidated deposits and below the water table in the vicinity of the 
former gas holders.  Trace separate phase liquid/product was observed in MW-4A near 
the fuel island during the December 1995 groundwater sampling event.  No NAPL was 
observed in this well during monitoring in 1994, or during monitoring events subsequent 
to December 1995.  The results of the most recent monitoring event, conducted in August 
2006, indicated that no NAPL was present in MW-4A.  Monitoring of site wells for 
NAPL in April 2006 indicated a minor amount of DNAPL (3-4 inches) in MW-13.  No 
accumulation of DNAPL was observed in any of the other wells monitored, with the 
exception of globules of NAPL observed on the probe lowered into MW-23 and traces of 
DNAPL in the bottom of MW-3.   

It should be noted that NAPL is not included as a separate media of concern, and for the 
purposes of this study, it is included within the soil media impacts.  As such, throughout 
the FS process, NAPL is addressed within the development and analysis of remedial 
alternatives for soil. 

Remedial Action Objectives 
The RAOs for the site are to eliminate or to reduce to the extent practicable: 

 

• Contact with, or inhalation of MGP-related contaminants, from contaminated 
groundwater or soil. 

• The source of groundwater MGP-related contamination. 

• Ingestion of MGP-related contaminants in soil. 

• Migration of MGP-related contaminants that would result in groundwater or 
surface water contamination. 

 

Further, the RAOs for the site include attaining, to the extent practicable, ground water 
standards. 
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General Response Actions 
To meet the RAOs developed for the Site, the following GRAs for soil and groundwater 
have been identified: 

1. No Action 
2. Limited Action 

a. Institutional Controls (e.g., deed restrictions) 
b. Engineering Controls (e.g., fencing) 

3. Containment 
4. Treatment/Disposal 

a. In-situ Treatment 
b. Removal/Treatment/Disposal 

Development of Alternatives 
Remedial technology types and process options associated with each general response 
action were screened based on technical feasibility, considering site-specific conditions, 
contaminant types, and concentrations. Representative process options were selected for 
each technically feasible technology type by evaluating the process options qualitatively 
based on effectiveness, implementability, and cost. Based on this evaluation, specific 
process options were selected for development of media-specific remedial alternatives. 
Based on the screening and evaluation of technologies and process options, the following 
media-specific remedial alternatives were developed for the Site: 
Soil Alternatives 

• S-1: No Action 
• S-2: Limited Action 
• S-3: Capping 
• S-4: Source Containment and NAPL Recovery 
• S-5: Source Containment, NAPL Removal, and Capping 
• S-6: Soil Removal, Source Containment and NAPL Recovery 

Groundwater Alternatives 
• GW-1: No Action 
• GW-2: Institutional Controls 

The following paragraphs briefly summarize each of the alternatives: 

Alternative S-1 – No Action 
No remedial action would be performed at the site. Evaluation of this alternative is a 
statutory requirement. 

Alternative S-2 – Limited Action 
This alternative would include managing risks at the site through controls such as 
fencing, deed restrictions, soil management plan development and implementation, 
and/or health and safety plan (HASP) development and implementation. 

Alternative S-3 – Capping 
This alternative would include capping of near-surface soil exceeding PRGs to mitigate 
potential exposure and/or limit storm water infiltration, in conjunction with source 
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containment (barrier wall described in Alternative S-4). The estimated capping area for 
this alternative would be would be approximately 29,400 square feet (sf).  

Alternative S-4 – Source Containment and NAPL Recovery 
This alternative would include containment of soil source areas through installation of a 
sheet pile barrier and recovery of NAPL through the use of recovery wells. The barrier 
would consist of a riverfront vertical barrier along with upland wing-walls at the north 
and south ends of the riverfront barrier.  The wing walls may potentially be connected by 
a fourth wall.  The necessity of a fourth wall, as well as the actual details for the wall 
(e.g., length and depth), will be determined during the remedial design phase.  The 
estimated capping area for this alternative, should it be necessary to limit storm water 
infiltration, would be approximately 87,000 sf. 

Alternative S-5 – Source Containment, NAPL Removal, and Capping 
This alternative would include removal of the contents of the former gas holder structure 
on the ACOE property, installation of the barrier wall described under S-4, and capping.  
The estimated volume to be removed from the holder is 3,500 cubic yards (yd3). The 
estimated capping area for this alternative, should it be necessary to limit storm water 
infiltration, would be approximately 87,000 sf. 

Alternative S-6 – Soil Removal, Source Containment, and NAPL Recovery 
This alternative would include excavation of contaminated soil above the water table 
exceeding PRGs and installation of the barrier wall described under S-4. The estimated 
volume of soil to be excavated is approximately 17,500 yd3.   

Alternative GW-1 – No Action 
Under this alternative, no remedial action or monitoring would be performed at the site. 
Evaluation of this alternative is a statutory requirement. 

Alternative GW-2 – Institutional Controls 

This alternative would include no remedial action, but would include institutional 
controls such as groundwater restrictions and health and safety planning.  In addition, it 
would include long-term groundwater monitoring in conjunction with implementation of 
the selected soil alternative.   

Common Elements of Remedial Alternatives 
All of the alternatives discussed in this FS (except No Action) address the potential risks 
posed at the Troy (Smith Avenue) Site and the RAOs to varying degrees. Common 
elements of these alternatives are deed restrictions on future land use and implementation 
of a HASP.  

Evaluation of Alternatives 
The media-specific remedial alternatives identified above were first evaluated 
individually and then on a comparative basis using the following seven evaluation 
criteria: 

1. Compliance with Standards, Criteria and Guidance (SCGs); 
2. Overall Protection of Human Health and the Environment; 
3. Short-Term Impact and Effectiveness; 
4. Long-Term Effectiveness and Permanence; 



 
Troy (Smith Ave.) Site, OU1 

Final Feasibility Study Report 
 

ES-6 
 

5. Reduction of Toxicity, Mobility, and/or Volume; 
6. Implementability; and 
7. Cost. 

Comparative Evaluation of Soil Alternatives 
Compliance with SCGs: The alternatives can all be accomplished in accordance with 
action- and location-specific SCGs, but none achieves chemical-specific SCGs within a 
short time frame, since all of the alternatives leave contaminated soil on site. 

Overall Protection of Human Health and the Environment:  Alternative S-6 is the most 
protective, since it removes source material and contaminated soil, prevents exposure to 
remaining contaminants, and mitigates potential NAPL migration to the Hudson River.  
Alternatives S-3, S-4, and S-5 are less protective, since they remove, contain, and/or treat 
the most heavily contaminated soils and prevent exposure to remaining contaminants, but 
leave behind more contaminants above regulatory levels. Alternative S-2 addresses 
potential human exposure, but does not provide any containment, removal or treatment of 
contaminants. Alternative S-1 is the least protective, since it does not remove or treat 
contaminants nor reduce the potential risk of exposure. 

Short-Term Impact and Effectiveness: Alternatives S-1 and S-2 would have the lowest 
short-term impacts. Since no on-site activities or construction would be performed under 
these alternatives, there would be limited or no potential risks to workers or the public 
during implementation. The short-term impact of Alternative S-3 would be low and the 
short-term effectiveness would be moderate, since cap construction would produce 
limited disturbance of site contaminants at the surface as a result of construction 
activities, but would not impact contamination in the subsurface. Installation of a 
sheetpile barrier wall in Alternative S-4 would be anticipated to result in only limited 
disturbance of site contaminants and would be managed through use of engineering 
controls. Alternatives S-5 and S-6 would have higher short-term impacts, since 
excavation would require transportation of excavated material through off-site 
(residential) areas for off-site disposal; S-6 would have the higher impact, due to the 
larger quantity of material to be disposed.  Each of these alternatives could potentially 
increase risk of exposure to workers and the public. These impacts would be minimized 
through proper construction and transportation procedures and engineering controls. 

Long-Term Effectiveness and Permanence: Alternatives S-5 and S-6 are the most 
effective. Alternatives S-3 and S-4 would reduce potential risks, but to a lesser extent. 
Alternative S-2 would be less effective, since all existing contamination, including the 
heavily contaminated material inside the former gas holder, would remain on site even 
through institutional controls would reduce the exposure risk.  Alternative S-1 would not 
be effective, since the contaminants would remain on site and no risk-reduction measures 
would be implemented.    

Reduction of Toxicity, Mobility, and/or Volume: Alternative S-6 offers the most 
significant reduction in mobility, toxicity, and/or volume of contaminated soil. 
Alternatives S-3, S-4, and S-5 offer some reduction in mobility, toxicity and/or volume 
through capping (Alternative S-3), containment (Alternative S-4), or removal of 
contaminated materials (Alternative S-5). Alternatives S-1 and S-2 offer no significant 
reduction in mobility, toxicity, or volume.  
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Implementability 
Technical Feasibility: Alternatives S-1 and S-2 are the easiest to implement, since no 
remediation activity is employed in these alternatives. Alternative S-3 is relatively easy to 
implement, involving only capping.  Alternative S-4 would be more difficult to 
implement, as it requires installation of sheet piling to depths of approximately 60 feet 
bgs and relies on proper key-in to a low-permeability layer, or potentially supplemental 
grouting. Alternatives S-5 and S-6 would be the most difficult to implement, requiring 
sheet piling, or deeper excavations with the potential need for shoring, sheet piling, 
and/or dewatering. 

Administrative Feasibility: Alternatives S-1 and S-2 would be the easiest to implement 
(short-term) since no activity would be performed. The remaining alternatives all involve 
construction activities and associated administrative activities (e.g., permitting, public 
participation and coordination, etc.). Alternatives S-5 and S-6 would have some 
additional coordination requirements for off-site transportation, which the other 
alternatives would not entail. Long-term institutional management (e.g., monitoring, 
reporting, public coordination) would be associated with all of the alternatives. 

Availability of Services and Materials: Alternatives S-1 and S-2 require little or no 
services or materials. Alternatives S-3, S-5, and S-6 require excavation services and 
backfill and capping materials, and Alternatives S-4, S-5, and S-6 require installation of 
the containment wall.  Services and materials required for the cap and the barrier wall are 
expected to be readily available. 

Cost: Alternative S-1 has no capital costs and limited O&M costs, associated only with 
five-year reviews. Alternative S-2 has the next lowest capital and O&M costs for 
implementation of institutional controls. Alternative S-3 has the next lowest capital and 
O&M costs, associated with cap maintenance and monitoring. Alternative S-4 has the 
third highest capital and O&M costs. Alternative S-5 has the second highest capital and 
O&M costs. Alternative S-6 has the highest capital cost. Overall, the ranking of the 
alternatives based on net present value (capital and O&M) from lowest to highest is: 
Alternatives S-1, S-2, S-3, S-4, S-5, and S-6.  

Comparative Evaluation of Groundwater Alternatives 
Compliance with SCGs: Alternatives GW-1 and GW-2 involve no active remediation 
activity, so there are no applicable action- or location-specific SCGs; chemical-specific 
SCGs might ultimately be achieved under these alternatives. 

Overall Protection of Human Health and the Environment: Alternative GW-2 is a passive 
alternative that does not provide active treatment of contaminated groundwater, but 
achieves the goal of preventing exposure. Monitoring would measure long-term 
restoration progress through natural processes, until the treatment goals were achieved. 
Groundwater use restrictions would be implemented and maintained. Alternative GW-1 
is the least protective, since it does not remove or treat contaminated groundwater nor 
reduce the risk of human or environmental exposure. In addition, it does not provide 
monitoring to measure long-term restoration progress. 

Short-Term Impact and Effectiveness: Alternatives GW-1 and GW-2 would both have 
low short-term impacts, since no on-site activities or remedial construction would be 
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performed. The limited potential risks to workers while conducting the groundwater 
sampling specified under Alternative 2 would be addressed through implementation of a 
HASP.  

Long-Term Effectiveness and Permanence: Alternative GW-2 would be expected to 
achieve protectiveness over time in conjunction with an effective source control measure. 

Reduction of Toxicity, Mobility, and/or Volume: Alternatives GW-1 and GW-2 offer no 
reduction in mobility, toxicity, or volume, since no treatment would be performed. 

Implementability 
Technical Feasibility: Alternatives GW-1 and GW-2 are not complicated to implement, 
since they do not include active remediation. 

Administrative Feasibility: Alternatives GW-1 and GW-2 would not be difficult to 
implement (short-term) since there would be no construction activity for either. 
Long-term institutional management (e.g., monitoring and reporting) would be associated 
with GW-2. 

Availability of Services and Materials: Alternative GW-2 requires services for monitoring 
and data evaluation, which are readily available. 

Cost: Alternative GW-1 has no capital costs and limited O&M costs, associated only with 
five-year reviews. Alternative GW-2 has the next lowest capital and O&M costs for 
implementation of institutional controls, monitoring, etc. 

 
Conceptual Plan for Site-wide Remediation 
The conceptual plan for the site-wide remediation incorporates Alternatives S-5 and GW-
2.  Implementation of Alternative S-5 will eliminate a large volume of contaminated 
material from the site, will provide NAPL containment, monitoring and removal, and will 
minimize potential risks to human health through the implementation of institutional 
controls (i.e., deed restrictions, health and safety planning, and five-year reviews) and 
construction of a cap. 

Implementation of Alternative GW-2 in conjunction with Alternative S-5 will minimize 
potential risk to human health through the implementation of institutional controls (i.e., 
groundwater use restrictions, health and safety planning) with five-year reviews and 
groundwater monitoring. 

 
Ingalls Avenue  
The City of Troy intends to construct a boat launch at the Ingalls Avenue Site in 
conjunction with the creation of a public park in the area to the south.  Preliminary design 
drawings for the boat launch were provided to NG in September 2005 by the City of 
Troy.  NG will advise the City during construction regarding the proper handling, 
transport, and disposal of any purifier waste encountered during excavation activities.   
The City then plans to install a high density polyethylene geomembrane between the 
Ingalls Avenue Site and the property to the north.    
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1.0 INTRODUCTION 
This report presents the results of a Feasibility Study (FS) performed by Tetra Tech EC, 
Inc. (TtEC) on behalf of National Grid (NG) for the Troy (Smith Avenue) Site (the Site) 
in Troy, New York. The conceptual FS approach is based on the site investigation 
findings and was developed as an outcome of discussions and meetings with NG, the 
Army Corps of Engineers (ACOE) and the New York State Department of 
Environmental Conservation (NYSDEC).   

The FS satisfies requirements specified in the 2003 Order-On-Consent (Index #A4-0473-
0000) between NG and the NYSDEC. It was completed in substantial compliance with 
the U.S. Environmental Protection Agency (USEPA) National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) (USEPA, 1994), the USEPA Interim Final 
guidance document entitled “Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA” (USEPA, 1988), the New York State Department of 
Environmental Conservation (NYSDEC) guidance document entitled “Guidelines for 
Remedial Investigation/Feasibility Studies” (NYSDEC, 1989), and the NYSDEC 
guidance entitled “Selection Of Remedial Actions At Inactive Hazardous Waste Sites” 
(NYSDEC, 1990).  This Final FS addresses the comments provided by the NYSDEC in a 
July 24, 2006 letter to National Grid.  Responses to the NYSDEC comments were 
detailed in the October 6, 2006 Response to Comments letter from Tetra Tech EC, Inc. to 
the NYSDEC.  The October 2006 Response to Comments letter was approved in a 
November 21, 2006 letter from the NYSDEC. 

Soil contaminants were not detected in excess of background levels or SCGs in the off-
site samples obtained during the site investigation work, with the exception of some 
BTEX and PAH concentrations detected in the soil sample collected at 44 to 46 feet bgs 
at MW-9D (located at the western end of Smith Avenue).  Analysis of groundwater 
samples collected from MW-9D indicated that contaminants were either not detected or 
detected at concentrations that did not exceed standards.  A one-inch thick free product 
layer was found in the boring during the installation of MW-9D.  However, no NAPL 
was observed in this well during subsequent monitoring events.  
 
NAPL has been observed in the Hudson River sediments immediately adjacent to the 
holder area.  However, the on-site remedial alternatives will address NAPL migration to 
the River, and the sediments will be addressed as a separable operable unit.  Therefore, 
off-site remedial alternatives are not believed to be necessary due to the limited off-site 
NAPL impacts observed, and are not included in this FS Report.   
 
A soil gas survey completed in 1994, presented in Appendix J of the RI report, indicated 
no volatile compounds above detection limits in the vicinity of the buildings, the on-site 
buildings are not above impacted areas, and groundwater impacted by site-related 
contamination is downgradient of the buildings.  However, the NYSDEC noted in the 
July 2006 comment letter that this soil gas survey does not fulfill the New York State 
Department of Health’s (NYSDOH’s) current recommended protocol for evaluating the 
potential for soil vapor intrusion.  Therefore, a soil vapor intrusion evaluation will be 
conducted in the vicinity of the office (formerly the lock tender’s house) located 
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immediately west of the Troy lock.  A separate letter work plan will be developed to 
address the soil vapor sampling effort and submitted to the state for review. 
 
Based on the discussions and meeting that took place between NG, the ACOE, and the 
NYSDEC, it was determined that potential surface water and sediment concerns would 
be addressed as a separate operable unit.  Therefore, surface water and sediment remedial 
alternatives are not included in this FS Report. 

 

1.1 Purpose and Organization of Report 
The purpose of the FS was to identify and evaluate media-specific remedial alternatives 
for contaminated soil and groundwater at the Site, including NAPL present within the soil 
media. 

This FS Report consists of seven sections whose contents are set forth below: 

Section 1.0 Introduction – This section provides a description of the Site and its 
operating and compliance history, a summary of the Site assessment and investigation 
work that has been undertaken, a summary of the Site physical conditions, and a 
summary of the Site contaminant conditions. 

Section 2.0 Remedial Action Objectives – This section provides the applicable 
chemical-specific, action-specific, and location-specific standards, criteria and guidance 
(SCGs), the regulations and guidance to be considered (TBCs), the remedial action 
objectives (RAOs) and their development, and the general response actions (GRAs). 

Section 3.0 Identification and Screening of Technologies and Selection of Process 
Options – This section describes the methodology and the results of the technology 
identification and screening, selection of process options, development of alternatives, 
and preliminary alternatives screening work that was performed as a part of the FS 
activity.  

Section 4.0 Detailed Analysis of Remedial Alternatives – This section provides a 
description of the seven criteria that were used in analysis of the remedial alternatives, 
and it describes the common elements of the alternatives, the detailed analysis of six soil 
remedial alternatives, and the detailed analysis of two groundwater remedial alternatives.  

Section 5.0 Comparative Analysis – This section provides a comparative analysis of the 
soil alternatives and the groundwater alternatives, using the seven criteria that were 
utilized for the Section 4.0 Detailed Analysis. 

Section 6.0 Selection of Preferred Remedial Alternatives – This section provides the 
media-specific results of the selection process for soil remedial alternatives and 
groundwater remedial alternatives. In addition, it proposes a conceptual site-wide 
remediation plan.  

Section 7.0 References – This section cites the references that were relied upon for 
information and guidance during the preparation of this FS Report. 
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1.2 Background Information 
Relevant information concerning the Site conditions, the operating and compliance 
history, the investigation history, and the Site physical conditions is provided within this 
section. 
1.2.1 Site Description 
The Troy (Smith Avenue) Site is located adjacent to the Hudson River at Smith Avenue 
in Troy, Rensselaer County, New York. Figure 1-1 depicts the Site location (USGS - 
North Troy Quadrangle). The Site occupies a total of approximately five acres and is 
comprised of two properties, one owned by NG and the other by the ACOE (see Figure 
1-2). The southern and northeastern portions of the Site are owned by NG and are 
currently in use for operation of a natural gas distribution and service facility. The 
northwestern portion of the Site, bordering the Troy Lock on the Hudson River, is owned 
by the ACOE. This property includes an active ACOE field office that serves primarily to 
operate and maintain the Troy Lock and Dam. Mixed residential and urban/commercial 
land use areas are immediately adjacent to the Site boundaries. 

A majority of the NG property is paved. The south side of the Site includes an office 
building with a paved parking lot extending to the fence line to the east and west and to 
within approximately 20 feet of the fence line to the south. To the north are two steel-
sided buildings used for maintenance and storage and one brick-sided garage building 
(see Figure 1-2). Four gasoline dispenser pumps are located west of the brick garage 
building near the center of the Site. The northern portions of the NG property, bordering 
the property lines, are areas of open equipment storage. A relatively small and unpaved 
area near the center of the Site, immediately north of Smith Avenue, is covered by gravel. 
The only vegetated areas on the NG property are a wooded strip along the Hudson River 
and a grassy strip along the southern boundary of the NG property.  National Grid intends 
to continue utilizing this property as a service center. 

The ACOE-owned portion of the former MGP Site is covered by either grass lawn or 
buildings. The lower portion of the Troy Lock forms the western boundary of this 
property (see Figure 1-2). A small building used as an office is present in the 
northwestern corner of the ACOE property. The former MGP structures and oil/tar tanks 
that were located within the ACOE property are also displayed on Figure 1-2.  According 
to Mr. William Petronis of the ACOE, the current use of the ACOE property will 
continue into the foreseeable future. 

Ingalls Avenue 
The Ingalls Avenue site consists mostly of a former canal that was filled in the early 20th 
century, and is located south of the Troy (Smith Avenue) Site (Figure 1-1A).  MGP 
purifier wastes have been noted at the Site.  The City of Troy intends to construct a boat 
launch at the Ingalls Avenue site in conjunction with creation of a public park in the area 
to the south.   



 
Troy (Smith Ave.) Site, OU1 

Final Feasibility Study Report 
 

1-4 
 

1.2.2 Site History 
In response to the NYSDEC Order on Consent, a search and review of historical 
background data was conducted for the Troy (Smith Avenue) Site by NG. Available 
resources used to accomplish this task, included, but were not limited to: 

• NG records and files; 
• Sanborn Fire Insurance Atlases, Hopkins' Atlases, and other historical maps; 
• Deeds and site surveys; 
• Manufactured gas industrial publications; 
• Brown's Directory of American Gas Companies; 
• NG personnel interviews; 
• Syracuse University Library historical documents; and 
• NYSDEC files. 

Site history information is presented below and is based upon the NG search and review 
of historical background data. 
 
In 1858, the Site consisted of vacant land in the City of Troy’s Thirteenth Ward. By 
1876, the area of the Site contained some residential development.  
 
The first commercial development of the Site was present in 1881, at which time the 
“Spring Works,” a large brick building, was present to the north of Smith Avenue 
(Hopkins Atlas, 1881) and the J.B. Carr & Company Chain Factory was present to the 
south of Smith Avenue.  
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FIGURE 1-1 

SITE LOCATION MAP 
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Figure 1-1A 
Site Location-Aerial View 
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FIGURE 1-2 
SITE LAYOUT MAP 
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In 1885, the Troy Fuel Gas Company purchased an exclusive license to use the Lowe 
water gas process to produce gas in Troy (Troy Fuel Gas Company minutes, 1885). Also 
in 1885, the Spring Works building was closed and two “tar kettles” were present in the 
J.B. Carr & Company building (Sanborn, 1885). 
 
In 1886, the land parcel immediately north of Smith Avenue was conveyed from 
Manufacturers National Bank of Troy to the Troy Fuel Gas Company. The property 
contained an engine and boiler in the former spring works (Record of Deed, 10/1/1886).  
 
By 1888, the water gas equipment began operation at the Smith Avenue Site (Troy Fuel 
Gas Company Minutes). In 1889, the Troy Fuel Gas Company consolidated into the Troy 
Gas Company and purchased three additional parcels north of Smith Avenue (Records of 
Deed; 10/21/1889, 11/15/1889, 11/15/1889). 
 
By 1903, there were two gas holders west of the gas plant on the bank of the Hudson 
River, and a third gas holder and three oil tanks west of the plant. The plant consisted of a 
purifying house, two coal sheds, nine water gas generators, a condenser, a black smith 
shop, an engineering room, a store house and an office (Sanborn, 1903). 
 
Between 1915 and 1916, the Troy dam and lock was relocated north on the Hudson River 
to a point adjacent to the northwestern side of the Site (Map of Troy, 1916). Also in 1915, 
the J. B. Carr & Company American Chain Cable Works, located to the south of Smith 
Avenue, was purchased by the Troy Gas Company (Record of Deed, 3/29/1915). 
Between 1915 and 1920, the Troy Gas Company purchased four additional parcels that 
bordered the Site (Records of Deed; 3/29/1915, 4/21/1915, 4/13/1917, 12/2/1920). 
 
In 1925, the Smith Avenue gas plant ceased operation when the Hudson Valley Coke and 
Products Corporation gas plant began operation on Water Street in Troy to supply gas to 
the Troy Gas Company. The Smith Avenue gas plant was maintained on standby for 
emergencies (NYP&L Report to NYSPSC, 1931).  
 
By 1928, there was a third gas holder on the former Carr property south of Smith Avenue 
and three tar settling tanks along the Hudson River (NYP&L property map, 1928; see 
Figure 1-2). 
 
In 1928, the last gas was produced at the Smith Avenue gas plant. Thereafter, the Site 
was only used for gas storage (NYP&L Report to NYSPSC, 1934). 
 
By 1951, the two large gas holders west of the gas plant had been removed. The smaller 
holder and oil tanks east of the plant were replaced by a garage (Sanborn, 1951). 
 
In 1960, the last 1000 million cubic foot gas holder was removed from the Site (NG 
letter, 9/29/1959). 
 
In 1965, NG conveyed a 0.64 acre parcel along the Hudson River, west of the former gas 
plant, to New York State which then later transferred the property to the U.S. 
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Government (New York State Department of Public Works, Acquisition of Property, 
6/19/1965).  
 
By 1986, the main gas building north of Smith Avenue had been removed from the Site 
(Aerial Photo, 1986). 
 
In 1991, the ACOE conducted an investigation of their portion of the former MGP site 
and found “severely contaminated” soils in test borings (Empire Soil Investigation, 
August 1991). 
 
1.2.3 Site Assessment and Investigation 
A Preliminary Site Assessment (PSA), a Remedial Investigation (RI), and Supplemental 
Remedial Investigation (SRI) were performed at the Site and have been used to support 
the FS. A summary of the programs and their findings is presented below, based upon 
information provided within the June 1997 Remedial Investigation Work Plan prepared 
by Foster Wheeler Environmental Corporation (FWENC), the May 1998 Remedial 
Investigation Report also provided by FWENC, and data obtained during the SRI.  

1.2.3.1 Preliminary Site Assessment 
The PSA program included twenty-one (21) soil borings, seven (7) monitoring wells, five 
(5) test pits, groundwater level measurements, soil gas sampling and sampling of surface 
soil, subsurface soil, and groundwater media, and analysis of samples for a suite of 
chemical and geotechnical parameters. The program is described in detail in the RI 
Report. 

1.2.3.2 Remedial Investigation 
The RI program included seventeen (17) soil borings, four (4) bedrock cores, ten (10) 
monitoring wells (four screened within the bedrock), groundwater level measurements, 
sampling of surface soil, subsurface soil, and groundwater media, analysis of samples for 
a suite of chemical and geotechnical parameters, and preparation of a qualitative baseline 
human health risk assessment. The program is described in detail in the RI Report, and 
the results are summarized in Subsection 1.2.5 (Nature and Extent of Contamination). 

1.2.3.3 Supplemental Remedial Investigation 
The SRI program included thirty-two (32) surface soil samples on the ACOE property, 
nine (9) soil borings on NG property, six (6) soil borings in the northern portion of the 
ACOE property, four (4) soil borings around the remaining gas holder, three (3) borings 
in the holder, three (3) direct push borings and hydropunch sample locations on NG 
property, and the installation of five (5) monitoring wells along the ACOE bulkhead for 
monitoring NAPL. In addition, the depth of the ACOE sheet pile bulkhead was 
investigated using magnetic and seismic methods. 

The results of the soil borings on NG and ACOE property confirmed the findings of the 
RI and provided additional data to delineate the impacted soil. The NAPL-impacted soil 
is located primarily on ACOE property.  Residual NAPL is typically first observed below 
the water table (i.e., below 15 feet bgs), with the exceptions of SB-41, located south of 
the small former gas holder, and SB-51, located north of the small gas holder (Appendix 
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C).  Exceedances of TAGM levels are typically detected below 10 feet bgs, with the 
exceptions of SB-51 and SB-54.  

The borings installed around the gas holder indicated residual NAPL in the soil in this 
area and the soil borings installed within the holder provided waste characterization data 
for removal of the soil and NAPL within the holder. No NAPL has been observed in the 
monitoring wells installed along the bulkhead, with the exception of globules noted in 
MW-23. The borings and hydropunch samples collected on NG property in the area of 
the fuel island indicate LNAPL impacts confined to a small area.  However, monitoring 
of MW-4A has not indicated the presence of LNAPL in this area. 

The geophysical investigation of the ACOE sheet pile bulkhead indicates that it extends 
to bedrock, however insufficient information is available to indicate if the sheet pile has 
been set into the bedrock. 

 
1.2.3.4 Ingalls Avenue 
A waste removal effort was performed at the Ingalls Avenue Site in May 1999.  This 
removal effort was limited to approximately 30 cubic yards of material.  Visual 
observations indicated the potential presence of additional material to the northeast of the 
material removed.  In 2003, NG performed an investigation of the Ingalls Avenue Site to 
evaluate the possible presence of MGP residuals in the canal backfill material.  The 
results of the investigation indicated the presence of wood chips exhibiting a sulfurous 
odor (purifier waste) at several locations and depths ranging from 5 to 14 feet bgs, 
although the material is not widespread.  Moreover, the detected concentrations of 
cyanide (ranging from 47.4 mg/kg to 195 mg/kg) do not appear to require further 
delineation or remediation based on regulatory standards or available guidance.  The 
purifier waste is at a location which is accessible to the public, and is being addressed as 
a separate operable unit. 
1.2.4 Site Physical Conditions 
Based upon the PSA, RI, and SRI findings, the site physical conditions are summarized 
and described below. 

1.2.4.1 Surface Conditions and Runoff 
The eastern portion of the Site, which is owned by NG, slopes gently toward the Hudson 
River with ground surface elevations ranging from 34 to 28 feet above mean sea level 
(MSL). The northwestern portion of the Site, adjacent to the Troy Lock and owned by the 
ACOE, is characterized by a steep slope down to the sheet piling wall of the lock, with a 
ground surface elevation of approximately 15 feet above MSL at the wall. The 
southwestern boundary of the Site exhibits a steep slope from the edge of the NG parking 
area (approximately 28 feet above MSL) down to the tidal Hudson River.  

The infiltration of rainwater and overland flow to the subsurface is largely limited by the 
extensive paving at the site. Local surface water travels across the site surface via 
overland flow, some of it enters catch basins and drainage culverts on and in the vicinity 
of the Site and is conveyed to the Hudson River, and the rest flows off the property to the 
west and down the steep western embankment into the Hudson River. The Hudson River 
is the major regional surface water drainage feature in the site vicinity, and is a NYSDEC 
Class C water body. 
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1.2.4.2 Subsurface Conditions 
Based on regional mapping, the Site appears to be underlain by the Middle Ordovician-
aged Normanskill Formation, a dark gray shale formation with a minor mudstone and 
sandstone constituent. The bedrock is overlain by a variety of unconsolidated glacial till, 
glacial-fluvial outwash, river channel sediment, and fill units. 

Based on the PSA and RI site soil borings, four specific units reside beneath the site 
surface. These are, in descending order: 1) a fill layer; 2) a glacial-fluvial outwash 
stratum, a till stratum, and the shale bedrock. These site subsurface conditions are 
illustrated on four cross-sections; the plan locations of the cross-sections are set forth on 
Figure 1-3 and the cross-sections are presented on Figures 1-4 through 1-7. The cross-
section data are tied in to MSL elevations and the cross-sections display the approximate 
groundwater elevations, varying strata and their thicknesses, and site features as 
measured and observed during the site investigations. 

The strata underlying the Site are as follows in sequence from upper to lower: 

1. Fill Layer - brick, ash, sand, gravel, and cobbles (10 to 34 feet thick) 
2. Glacial-fluvial outwash deposit Stratum - sand and gravel (14 to 34 feet thick) 
3. Glacial till Stratum - dense sand, silt and gravel (<1 to 10 feet thick) 
4. Shale Bedrock – thin weathered bedrock layer over competent bedrock 

The fill material is a heterogeneous mixture of sands, gravels, and cobbles, but also 
includes brick, cinders, slag, wood, coal, and ash. Underlying the fill layer, the glacial-
fluvial outwash material consists of sands, silts, and gravels with occasional lenses of 
silty clay and peat. The till consists of dense clayey silt with shale fragments and 
occasional sand and gravel inclusions. Rock cores drilled during the installation of the 
four bedrock wells revealed medium-hard, black shale with micro-laminated (less than 
1/16 inch thick) bedding planes angled at approximately 45 degrees to 60 degrees above 
the horizontal. The bedrock was competent, showed little to no weathering and generally 
blocky to occasionally broken fracturing, and was generally overlain by a thin (0.25 to 1 
feet) weathered shale layer. At one location (MW-13), the weathered shale layer was 
found to be thicker than at the other exploratory locations. The depth to competent 
bedrock ranged from approximately 38 to 59 feet below ground surface. 

1.2.4.3 Site Hydrogeology 
Shallow groundwater at the site is present within the unconsolidated overburden 
materials and flows in a westerly direction across the Site toward and into the Hudson 
River. Deeper groundwater at the Site resides within the shale bedrock and also flows in a 
westerly direction toward the Hudson River. The shallow groundwater regime is 
unconfined and functions in the manner to be expected of a typical water table aquifer.  

The deeper flow regime appears to be semi-confined and exhibits very low groundwater 
yields. Both flow regimes are influenced to some extent by tidal fluctuations in the river 
and also by the operations of Troy Lock No. 1. The referenced cross-sections provide a  
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FIGURE 1-3 

Cross Section Locations 
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Figure 1—4 
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Figure 1-5 



 
Troy (Smith Ave.) Site, OU1 

Final Feasibility Study Report 
 

1-15 
 

Figure 1-6 
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Figure 1-7 
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Figure 1-8 

Cross Section E-E’ 
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rough indication of the head gradients and flow directions within the site groundwater 
regimes. Additional details are provided within the RI Report. 
1.2.5 Nature and Extent of Contamination 
The nature and extent of the site contamination is summarized below, based on the results 
of the Remedial Investigation and Supplemental Remedial Investigation.  The nature and 
extent of the site contamination has been evaluated with respect to existing standards and 
preliminary remediation goals, as presented in Section 2.0 of this FS Report.  The extent 
of NAPL, surface soil, and groundwater exceeding BTEX standards are presented in 
Figures 1-9 through 1-13.  Also, based on the RI findings, the site soil contaminant 
concentrations of concern have been summarized in tables within Appendix A. 

1.2.5.1 Soil 
Within the Site, soils at specific locations have been found to contain MGP-related 
benzene, naphthalene, and PAHs at concentrations of concern. The impacted locations 
are illustrated on the Section 4.0 figures, and the impacts are summarized below. 

BTEX 
BTEX concentrations in subsurface soil ranged from not detected to 3,480 mg/kg (SB-
10). The highest BTEX concentrations were detected at the former gas holder on the 
ACOE property. BTEX concentrations in surface soils ranged from not detected to 0.005 
mg/kg. 

PAH 
Total PAH concentrations in subsurface soils ranged from not detected to 36,566 mg/kg. 
The highest PAH concentrations in subsurface soils were at the former gas holder on the 
ACOE property. 

Concentrations of PAHs in background surface soil samples ranged from 1.97 mg/kg to 
22.5 mg/kg. PAH concentrations in the on-site surface soil samples ranged from not 
detected to 125.6 mg/kg. The highest concentrations of PAHs in surface soil samples 
were found at the southwest corner of the ACOE property. 

Cyanide 
Cyanide was not detected in any of the subsurface soils. Cyanide concentrations in 
surface soil ranged from not detected to 1.05 ug/kg. 
 
PCBs 
Aroclor-1260 was detected in two samples; the maximum concentration was 0.09 mg/kg 
in sample collected near the center of the site. PCBs were not detected in any of the 
surface soils. 

Metals 
Arsenic was detected at a maximum concentration of 31.3 mg/kg in the subsurface soil 
samples located at the former gas holder on the ACOE property.  Cadmium was detected 
at a maximum concentration of 2.7 mg/kg in a soil sample collected from Test Pit 3, 
excavated on the west side of the small former gas holder (Gas Holder 2).  Chromium 
was detected at a maximum concentration of 41.8 mg/kg in the subsurface soil samples 
located at the southwest corner of the ACOE property. Iron was detected at a maximum 
concentration of 132,000 mg/kg in the subsurface soil samples. Magnesium was detected 
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at a maximum concentration of 11,500 mg/kg in the subsurface soil samples located at 
the southwest corner of the ACOE property. Manganese was detected at a maximum 
concentration of 2,850 mg/kg in the subsurface soil samples located at the southwest 
corner of the ACOE property. Mercury was detected at a maximum concentration of 14 
mg/kg in the subsurface soil samples collected at the fenceline near the southeast portion 
of the NG property, almost half-way between Douw Street and Center Street. Nickel was 
detected at a maximum concentration of 57.8 mg/kg in the subsurface soil samples 
collected near the center of the site. Potassium was detected at a maximum concentration 
of 2,420 mg/kg in the subsurface soil samples collected at the fenceline near the southeast 
portion of the NG property, almost half-way between Douw Street and Center Street. 
Selenium was detected at a maximum concentration of 16.3 mg/kg in the subsurface soil 
samples collected at the former gas holder on the ACOE property. Thallium was detected 
at a maximum concentration of 8.2 mg/kg in the subsurface soil samples collected at the 
former gas holder on the ACOE property. Vanadium was detected at a maximum 
concentration of 64.2 mg/kg in one subsurface soil sample collected near the center of the 
site.  Lead was detected at a maximum concentration of 2,100 mg/kg in the subsurface 
soil samples collected from Test Pit 5, excavated on the west side of the large former gas 
holder (Gas Holder 3).  However, this test pit was observed to contain corroded wire.  
With the exceptions of Test Pit 5 and Test Pit 3 located adjacent to/within Former Gas 
Holder #2 (1,050 mg/kg), lead concentrations in soil were detected at concentrations at or 
below background. 

1.2.5.2 Non-Aqueous Phase Liquids 
During the site investigations, both dense and light non-aqueous phase liquids (DNAPL 
and LNAPL) were observed in the site subsurface.  

Trace separate phase liquid/product was observed in MW-4A near the fuel island during 
the December 1995 groundwater sampling event.  No NAPL was observed in this well 
during monitoring in 1994, or during monitoring events subsequent to December 1995.  
The results of the most recent monitoring event, conducted in August 2006, indicated that 
no NAPL was present in MW-4A.  DNAPL was observed at the ACOE and NG 
properties, primarily in the vicinity of the former gas holders.  Monitoring of site wells 
for NAPL in April 2006 indicated a minor amount of DNAPL (3-4 inches) in MW-13.  
No accumulation of DNAPL was observed in any of the other wells monitored, with the 
exception of globules of NAPL observed on the probe lowered into MW-23 and traces of 
DNAPL in the bottom of MW-3. 

1.2.5.3 Groundwater 
As discussed in the RI Report, site-wide groundwater was sampled with the use of a 
monitoring well network, and the samples were analyzed for TCL/TAL parameters. The 
most recent GW sampling data is presented in Appendix D. Based on the findings, 
residual petroleum and MGP-related constituents are present in the groundwater as 
summarized below. 

BTEX 
BTEX concentrations ranged from not detected to 2,001 ug/L. The highest BTEX 
concentrations were observed on the Western portion of the NG property, at the end of 
Smith Avenue. 
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PAHs 
Total concentrations of PAHs ranged from not detected to 7,695 ug/L. The highest PAH 
concentrations were observed on the Western portion of the NG property, at the end of 
Smith Avenue. 

Cyanide 
Cyanide was not detected in any of the samples. 

PCBs 
PCBs were not detected in any of the samples.  

Metals 
Antimony was detected in 2 wells at a maximum concentration of 22.2 ug/L. Arsenic was 
detected in 2 wells at a maximum concentration of 158 ug/L. Beryllium was detected in 1 
well at a maximum concentration of 5.4 ug/L. Chromium was detected in 2 wells at a 
maximum concentration of 212 ug/L. Cobalt was detected in 2 wells at a maximum 
concentration of 120 ug/L. Copper was detected in 2 wells at a maximum concentration 
of 431 ug/L. Nickel was detected in 1 well at a maximum concentration of 264 ug/. 
Potassium was detected in 1 well at a maximum concentration of 407,000 ug/L (US-201). 
Vanadium was detected in 1 well at a maximum concentration of 199 ug/L (US-201).  
Lead was detected in USMW-1, within former Gas Holder #2 on the ACOE property, at a 
maximum concentration of 4,220 ug/L.  The maximum concentration of lead detected in 
the other monitoring wells was <1,500 ug/L.  These maximum concentrations were 
detected in 1995.  In 2001, the most recent round of sampling, the maximum 
concentration detected was 154 ug/L (MW-17). 
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2.0 REMEDIAL ACTION OBJECTIVES 
This section discusses the development of Remedial Action Objectives (RAOs) based on 
the Standards, Criteria, and Guidance (SCGs) and other regulations, and guidance To Be 
Considered (TBCs). General Response Actions to address the RAOs are then identified. 

2.1 Standards, Criteria, and Guidance (SCGs) 
The Troy (Smith Avenue) Site is categorized as a Class II Inactive Hazardous Waste site 
by the NYSDEC. Activities at the Site are being performed under an Order on Consent. 
In accordance with 6 NYCRR 375-1, NYSDEC-issued permits are not required for 
environmental remediation activities conducted at this Site. Rather, the activities are 
evaluated and implemented based on the substantive elements of the applicable and 
relevant and appropriate state environmental laws and regulations. Federal applicable, 
relevant and appropriate requirements (ARARs) must be complied with fully, including 
the requirements to obtain permits if necessary. These federal and state environmental 
laws and regulations are collectively referred to as SCGs. 

The SCGs that may guide the remedial action activities at the site are addressed in this 
section. This includes both New York State SCGs, as well as federal standards that are 
more stringent than State SCGs. New York State SCGs are standards or requirements that 
implement the New York State Environmental Conservation Law. Remedial actions 
conducted in New York State are required to attain SCGs to the extent practicable as per 
NYSDEC TAGM #HWR-90-4030 (NYSDEC, 1990). 

SCGs are categorized as chemical-, location-, or action-specific: 

• Chemical-specific SCGs set health or risk-based concentration limits or ranges in 
various environmental media for specific hazardous substances, pollutants or 
contaminants. 

• Location-specific SCGs set restrictions on activities within specific locations, 
such as wetlands and floodplains, and depend on the characteristics of a site and 
its immediate environs. 

• Action-specific SCGs set controls or restrictions on particular kinds of activities 
that may be selected to accomplish a remedy. These SCGs may specify particular 
performance levels, actions or technologies to be used to manage hazardous 
substances, pollutants or contaminants. 

2.1.1 Chemical-Specific SCGs 
Chemical-specific SCGs are health- or risk-based concentrations for specific hazardous 
substances, pollutants, or contaminants in various environmental media. Chemical-
specific SCGs include remediation goals for chemicals of concern (COCs) in designated 
media (i.e., soil and groundwater). Statutes, regulations, and guidelines to be used in the 
identification of chemical-specific SCGs are listed in Table 2-1. 
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TABLE 2-1 (Sheet 1 of 2) 
CHEMICAL-SPECIFIC SCGs AND TBCs 

 
 

ACTION 

 

 

REQUIREMENTS 

 

CITATION 

 

DESCRIPTION 

SCG 

or 

TBC 

 

COMMENT 

STATE 

Inactive 
Hazardous 
Waste Sites 

Program for designating and managing 
inactive hazardous waste sites 

Article 27, Title 13 Establishes general cleanup goals for 
environmental media to levels that will eliminate a 
significant threat to the environment. This allows 
NYSDEC to designate inactive hazardous waste 
disposal sites. 

 

SCG Sites are listed based on 
evidence of a significant threat 
posed by hazardous waste 
disposed of at the site. A 
significant adverse impact on the 
environment and/or a 
significantly increased risk to 
human health would constitute a 
significant threat. The Troy 
(Smith Ave.) site is classified as 
an Inactive Hazardous Waste 
Disposal Site. 



 
Troy (Smith Ave.) Site 

Final Feasibility Study Report 
 

2-3 
 

TABLE 2-1 (Sheet 2 of 2) 
CHEMICAL-SPECIFIC SCGs AND TBCs 

 
 

ACTION 

 

 

REQUIREMENTS 

 

CITATION 

 

DESCRIPTION 

SCG 

or 

TBC 

 

COMMENT 

STATE 

      
Soil Cleanup 
Goals 

NYSDEC Soil Cleanup Objectives TAGM 4046 Establishes soil cleanup objectives based on 
residential land use and protection of groundwater 
quality 

SCG Specified clean-up goals may be 
referenced in determining site 
specific soil  treatment levels. 

Groundwater 
Cleanup Goals 

NYSDEC Class GA Standards TOGS Establishes groundwater cleanup objectives based 
on residential use  

SCG Groundwater quality standards 
may be referenced. 

Notes: 
SCGs = soil cleanup goals 
TBC = to be considered
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2.1.2 Action-Specific SCGs 
Action-specific SCGs are technology- or activity-based requirements or limitations. 
These SCGs are triggered by, and apply to, the implementation of particular remedial 
activities. Federal and state statutes, regulations, and guidelines used to identify action-
specific SCGs for the site are listed in Table 2-2. 

Of primary consideration are the Resource Conservation and Recovery Act (RCRA) 
hazardous waste management regulations (and the NYSDEC equivalents). The Land 
Disposal Restriction (LDRs) requirements of the RCRA regulations (40 CFR 268) apply 
to the placement of hazardous waste in land disposal units. The RCRA LDRs are 
potential SCGs for the excavation and disposal of MGP-impacted soils. Specifically, 
excavated soils that are characterized as hazardous waste must meet stringent treatment 
standards prior to final land disposal.  

Pursuant to the Phase IV amendments to the LDR regulations, soils contaminated with 
hazardous wastes may be treated to meet LDRs or an alternate treatment standard. Under 
this Alternate Treatment Standards rule revision, hazardous waste constituents in soils 
can be reduced by 90 percent capped at 10 times the applicable LDR Universal Treatment 
Standard. Prior approval for use of Alternative Treatment Standards for hazardous waste 
soils is not required. 

Additionally, the NYSDEC policy “Management of Soil and Sediment Contaminated 
with Coal Tar from Former Manufactured Gas Plants” (NYSDEC, 2000) addresses when 
MGP-contaminated soils are subject to LDRs. Soils may be consolidated within an Area 
of Contamination (i.e., an area delineated by the areal extent (or boundary) of contiguous 
contamination) during typical remediation activities or during normal earthmoving and 
grading activities prior to making a hazardous waste determination. While diluting 
hazardous waste soils is not permitted, the mixing of soils during these consolidation 
activities is allowed. If the consolidated soils are deemed non-hazardous, they may be 
managed in accordance with NYSDEC solid waste requirements (6 NYCRR 360). 
Should the resultant mixture exhibit the D018 hazardous waste characteristic and will be 
sent to a thermal destruction facility (i.e., combustion boiler), LDRs need not be 
complied with so long as the following actions are taken: 

• Mixing the soil exhibiting the D018 hazardous waste characteristic with coal fines 
and/or carbon to reduce its leachability; or 

• Mixing the soil exhibiting the D018 hazardous waste characteristic with other on-
site soils when necessary to facilitate and ensure proper operation of the final 
treatment technology. 

This approach is consistent with USEPA RCRA policy. It is important to note that the 
NYSDEC policy does not apply to coal tar wastes containing minimal soil or to purifier 
wastes or soils contaminated with purifier wastes. 
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TABLE 2-2 (Sheet 1 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

      
 

Generation, 
Management, and 
Treatment of 
Hazardous Waste 

 

Resource Conservation and Recovery Act 
(RCRA) Subtitle C - Hazardous Waste 
Management 

 

 Identification and Listing 

 of Hazardous Wastes 

 

40 U S C Section 6901 et seq. 

 

 

 

40 CFR Part 261  

 

 

 

 

 

Outlines criteria for determining if a solid waste 
is a hazardous waste and is subject to regulation 
under 40 CFR Parts 260-266 

 

 

 

 

 

SCG 

 

 

 

 

 

These regulations do not set clean-up 
standards, but would apply to the 
classification of all MGP-impacted 
soils and residual waste streams 
generated during remedial activities. 

  

 Hazardous Waste 

 Determinations 

 

40 CFR Part 262.11 

 

Generators must characterize their wastes to 
determine if the waste is hazardous by listing 
(40 CFR 261, Subpart D) by characteristic (40 
CFR 261, Subpart C) or excluded from 
regulation (40 CFR 261.4) 

 

SCG 

 

Neither coal tars nor petroleum-based 
residuals are listed hazardous wastes 
but may be hazardous by 
characteristic (particularly for 
benzene toxicity). 

 
Manifesting  40 CFR 262, Subpart B  Generators must prepare a Hazardous Waste 

Manifest (EPA form 8700-22) for all off-site 
shipments of hazardous waste to disposal or 
treatment facilities 

SCG  Will apply to all off-site shipments of 
RCRA/NYSDEC  hazardous wastes. 

 
Recordkeeping  40 CFR 262.40  Generators must retain copies of all hazardous 

waste manifests used for off-site disposal 
SCG  Generator must retain copies of waste 

manifests for a minimum period of 
three years after shipment date. 
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TABLE 2-2 (Sheet 2 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

Generation, 
Management, and 
Treatment of 
Hazardous Waste 
(cont’d) 

Labeling and Marking  40 CFR 262, Subpart C Species EPA marking, labeling and container 
requirements for off-site disposal of hazardous 
waste  

SCG Pre-transportation requirements for 
off-site shipments of hazardous 
wastes. 

 
Accumulation Limitations 

 

 

40 CFR Part 262.34 Allows generators of hazardous waste to store 
and treat hazardous waste at the generation site 
for up to 90 days in tanks, containers, and 
containment buildings without having to obtain 
a RCRA hazardous waste permit. 

 

 

 

 

SCG 

 

 

 

Hazardous wastes may be stored for 
up to 90 days on-site without the need 
for a storage permit unless NYSDEC 
waives the 90-day limit as an 
administrative requirement.  
Requirement will likely apply to coal 
tar or purifier wastes that contain 
little or no soil and treatment 
residuals that are characteristically 
hazardous. 

 

  

Standards for Owners/Operators of 
Hazardous Waste Treatment, Storage, 
Disposal (TSD) Facilities 

 

General Facility Standards 

 

 

40 CFR Part 264/265 

 

 

 

Subpart B 

 

 

 

 

 

General requirements for owners/operators of 
TSD facilities including general waste analysis 
and compatibility, notices and inspection 
requirements, location and construction 
standards, and security 

 

 

 

 

 

SCG 

 

 

 

 

 

These subpart standards would be 
applicable to the on-site management 
of hazardous waste soils and 
sediments in tanks, containers or 
containment buildings. 

 

 

 

Closure and Post-Closure Subpart G Established closure and post-closure 
requirements for hazardous waste treatment and 
storage units 

SCG  
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TABLE 2-2 (Sheet 3 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

 Container Management Subpart I Hazardous waste stored in containers must 
comply with management requirements, 
including types of containers used, waste 
compatibility and inspection requirements. 

SCG Applicable to storage and/or 
treatment of hazardous wastes in 
containers on-site. 

 Tank Systems Subpart J Tank systems for the treatment or storage of 
hazardous wastes are to be designed and 
operated in a manner to prevent releases to the 
environment 

SCG Applicable for the tank treatment 
and/or storage of all site generated 
wastes classified as a hazardous 
waste. 

 Containment Buildings Subpart DD Containment buildings must be designed, 
constructed, and operated to meet regulatory 
performance standards 

SCG Standards applicable to the 
construction of containment buildings 
used to treat and/or store hazardous 
waste.  . 

Capping of Hazardous 
Waste 

RCRA Subtitle C 

 

 Standards for Capping 

   Surface Impoundments 

   Waste Piles 

   Landfills 

40 U S C Section 6901 et seq. 

 

40 CFR Part 264/265 

  Subpart K 

  Subpart L 

  Subpart N 

 

 

Regulations governing placement of caps or 
similar barriers over hazardous waste.  
Requirements for installation, permeability, 
maintenance of cover, elimination of free 
liquids or solidification, run-on/run-off damage 
control, and post-closure use of property 

 

 

SCG 

 

 

Requirements potentially applicable 
to the upland disposal of hazardous 
waste excavated material. 

Capping of Non-
Hazardous Waste 

RCRA Subtitle D 

 

 Criteria for Classification of Solid 
Waste Disposal Facilities 

42 U S C Section 6901 et seq. 

 

40 CFR Part 257 

 

 

Minimum criteria for siting, construction, 
operation, and closure of solid waste disposal 
facilities.  Each State is to develop, permit, and 
enforce a solid waste management program 
based on USEPA requirements 

 

 

SCG 

 

 

Requirements potentially applicable 
to the on-site disposal of 
contaminated soils and the upland 
disposal of and associated residual 
waste streams. 
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TABLE 2-2 (Sheet 4 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

Water Quality Impacts Clean Water Act 

 

Ambient Water Quality  
Criteria Guidelines  

 

 

Wastewater Discharge Permits, Effluent 
Guidelines, Best Available Technology 
(BAT) and BMPPT 

 

33 U S C Section 1251-1376 

 

40 CFR Part 131 

 

 

 

40 CFR Parts 122, 125, 401 

 

 

Establishes toxicity-based surface water quality 
criteria for protection of aquatic organisms and 
human health. 

 

 

Permit requirements for point source discharges 
to waters of the United States, establishes 
effluent standards and requirements for 
preventing toxic releases 

 

 

SCG 

 

 

 

SCG 

 

 

 

Air Emissions from a 
Point Source 

Clean Air Act (CAA) 

 

National Ambient Air Quality Standards 
(NAAQS) 

40 U S C Section 7401-7642 

 

40 CFR Part 50 

 

 

Establishes ambient air quality standards for 
protection of public health 

 

 

SCG 

 

 

NAAQS may be applicable in 
evaluating whether there are air 
impacts at the site during remedial 
activities. 

  

New Source Review (NSR) and Prevention 
of Significant Deterioration (PSD) 
Requirements 

 

40 CFR Part 52 

 

New Sources or modifications which emit 
greater than the defined threshold for listed 
pollutants must perform ambient impact 
analysis and install controls which meet best 
available control technology (BACT) 

 

 

SCG 

 

These regulations are potentially 
applicable and would require a 
comparison of potential emissions 
from the remedial activity to the 
emission thresholds for NSR 

 National Emission Standards for 
Hazardous Air Pollutants (NESHAPs) 

40 CFR Part 61 

40 CFR Part 63 

Source-specific regulations which establish 
emissions standards for hazardous air pollutants 
(HAPs) 

SCG NESHAPs may be applicable if 
emissions from remediation activities 
exceed the thresholds for compliance 
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TABLE 2-2 (Sheet 5 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

 New Source Performance Standards 
(NSPS) 

40 CFR Part 6 Source-specific regulations which establish 
testing, control monitoring and reporting 
requirements for new emission sources 

SCG NSPS could be relevant and 
appropriate if steam-generating 
equipment, thermal desorption units, 
or other regulated new sources were 
to be used onsite 

Land Disposal of 
Hazardous Waste  

RCRA Subtitle C 

 

Land Disposal Restrictions (LDRs) 

 

 

40 U S C Section 6901 et seq. 

 

40 CFR Part 268 

 

 

 

Restricts land disposal of hazardous wastes that 
exceed specific criteria.  Establishes Universal 
Treatment Standards (UTSs) to which 
hazardous wastes must be treated to prior to 
land disposal.  Phase IV rule revision 
establishes Alternate Treatment Standards for 
Soils containing hazardous wastes. 

 

 

SCG 

 

 

Petroleum-based residuals are subject 
to LDRs, including UTSs.  Wastes 
exhibiting a hazardous characteristic 
would need to be treated to meet UTS 
for all hazardous constituents present 
in the residuals prior to any upland 
disposal.  Characteristically 
hazardous soils can be treated to meet 
the UTS standards or to meet the 
alternative treatment standards for 
RCRA hazardous soils. 

Characteristic 
Hazardous Waste Soil 
Management   

MGP Site Remediation Strategy MGP Site Remediation Strategy MGP 
Subcommittee, Edison Electric Institute 
(EEI, 1993) 

Strategy document intended to facilitate 
responsible parties undertaking the source 
removal of heavily contaminated organic 
residues and contaminated soils at MGP sites in 
a manner that is consistent with the RCRA 
hazardous waste program.  The remediation 
strategy is based on the fact that RCRA 
hazardous materials may be blended on-site and 
decharacterized prior to off-site transport and 
disposed of at a permitted facility.  It covers 
relevant onsite activities including 
characterization, excavation, accumulation and 
treatment in 90-day units, and offsite 
transportation. 

TBC The remediation strategy applies only 
to the management of excavated solid 
materials that are hazardous by 
characteristic.  The strategy does not 
supersede existing regulations, it is 
not intended to be the presumptive 
remedy under CERCLA, nor can it 
serve as a shield against enforcement 
under RCRA or any other statute.   
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TABLE 2-2 (Sheet 6 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

STATE      

Generation, 
Management, and 
Treatment of 
Hazardous Waste 

 

Siting of Industrial Hazardous Waste 
Facilities 

 

6 NYCRR Part 361 

 

Establishes procedures for selecting appropriate 
sites for hazardous waste facilities 

 

SCG 

 

These regulations are potentially 
applicable for remediation activities 
which would involve the construction 
of upland hazardous waste 
management facilities 

 NYSDEC Division of Hazardous 
Substances Regulation 

 

Identification and Listing of Hazardous 
Wastes 

 

 

 

6 NYCRR Part 371 

 

 

 

Outlines criteria for determining if a solid waste 
is a hazardous waste and is subject to regulation 
under 6 NYCRR Parts 372-376 

 

 

 

SCG 

 

 

 

These regulations do not set clean-up 
standards, but would apply during the 
on-site management of excavated 
hazardous waste soils and the upland 
management of and residual waste 
streams generated during remediation 
activities. 

 New York State Hazardous Waste 
Management Facility Regulations 

6 NYCRR Part 370.373.372 Establishes New York State’s USEPA 
equivalent hazardous waste management 
program.  Includes regulations for hazardous 
waste facility construction, operation, and 
closure, and standards for hazardous waste 
generation, manifesting, and transport 

SCG [See RCRA Hazardous Waste 
Management Regulations.  40 CFR 
Parts 263 and 264/265 under Federal 
SCGs listed in this table] 

 Management of Soils Contaminated with 
Coal Tar From Former Manufactured Gas 
Plants Policy 

NYSDEC Division of Environmental 
Remediation, Technology Section  

Addresses management of MGP-contaminated 
soils within defined Areas of Contamination  
(AOCs) and allows for consolidation of such 
soils under specified circumstances without 
triggering LDR requirements. 

TBC Provisions are consistent with 
USEPA Area of Contamination 
(AOC) policy.  The provisions of the 
Guidance will be referenced in 
developing and evaluating MGP-
impacted soil remediation 
alternatives. 
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TABLE 2-2 (Sheet 7 of 7) 
ACTION-SPECIFIC SCGs AND TBCs 

 
 

ACTION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

Capping of Non-
Hazardous Waste 

New York State Solid Waste Management 
Facility Regulations 

6 NYCRR Part 360, 364 Establishes New York State’s USEPA 
equivalent solid waste management program.  
Includes regulations governing construction, 
operation, and closure of solid waste disposal 
facilities 

SCG These regulations are potentially 
applicable to remediation activities 
involving the upland management and 
disposal of non-hazardous wastes. 
Coal tars and petroleum-based site 
residuals must be identified as solid 
and/or hazardous waste in order to 
determine applicability of waste 
management requirements. 

 

Water Treatment 
Discharge 

New York State Regulations on the State 
Pollution Discharge Elimination System 
(SPDES) 

 

6 NYCRR Parts 750-758 State Pollution Discharge Elimination System 
(SPDES) Permitting Requirements 

SCG May be applicable to discharge of 
treated groundwater. 

 New York State Water Classifications and 
Quality Standards 

 

NYSDEC Ambient Water Quality 
Standards and Guidance Values 

6 NYCRR Parts 701, 702, 704 

 

 

Division of Water Technical and 
Operational Guidance Series (TOGS) 1.1.1 

Defines surface water classifications and 
ambient water quality standards that are the 
basis for establishing effluent limitations under 
the SPDES program. 

 
Provides a compilation of ambient water quality 
standards and guidance values for toxic and 
non-conventional pollutants for use in 
NYSDEC programs, including the SPDES 
permit program. 

SCG 

 

 

TBC 

 

Air Emissions  New York State Air Pollution Control 
Regulations 

6 NYCRR Parts 120, 200-203, 207, 211, 
211, 212, 219 Air Guide-1 

Establishes emissions standards for new sources 
of air pollutants and specific contaminants. 

SCG Requirements would be applicable to 
remediation alternatives that result in 
emissions of air contaminants, 
including particulate matter. 

 New York State Ambient Air Quality 
Standards 

6 NYCRR Part 257 Establishes state ambient air quality standards 
and guidelines for protection of public health. 

SCG May be applicable in evaluating air 
impacts during remediation activities. 
Establishes short-term action limits 
for occupational exposure. 

Notes: 
SCGs = soil cleanup goals 
TBC = to be considered 
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Other Action-Specific SCGs that may apply to the remedial activities at the site include 
the NYSDEC solid and hazardous waste handling, transportation and disposal regulations 
and ambient air quality standards and emission limitations. 
2.1.3 Location-Specific SCGs 
Location-specific SCGs are restrictions placed on the concentration of hazardous 
substances or the conduct of activities solely because they are in specific locations. 
Statutes, regulations, and guidelines to be used in the identification of location-specific 
SCGs are listed in Table 2-3. 

2.2 Regulations and Guidance to be Considered (TBCs) 
In addition to SCGs, related advisories, criteria, and guidelines "to be considered" 
(TBCs) must be assessed. TBCs include guidance documents, advisory criteria, and 
guidelines issued by federal or state agencies that are not promulgated or binding under 
federal or state law and do not have the status of SCGs. TBCs are identified in Tables 2-
1, 2-2 and 2-3. 

2.3 Remedial Action Objectives 
The RAOs are developed based on the contaminants of concern, potential exposure 
routes, receptors, and acceptable concentrations for each exposure route in order to 
protect human health and the environment. 
2.3.1 Contaminants of Concern 
A number of chemical contaminants of potential concern (COPCs) were selected for 
evaluation in the detailed risk assessment performed during the RI (Foster Wheeler 
Environmental, 1997). COPCs were selected separately for each environmental medium 
(soil and groundwater), based on validity of the analytical results, frequency of 
occurrence, concentrations relative to natural (background) levels and/or toxicological, 
physical, and chemical characteristics. The media-specific COPCs are listed in Table 2-4. 
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TABLE 2-3 (Sheet 1 of 1) 
LOCATION-SPECIFIC SCGs AND TBCs 

 
 

LOCATION 
 

REQUIREMENTS 
 

CITATION 
 

DESCRIPTION 
SCG 

or 
TBC 

 
COMMENT 

FEDERAL 
Floodplains Executive Order 11988 - 

Floodplain Management 

40 CFR 6, Subpart A; 
40 CFR 6.302 

Activities taking place within floodplains must be done 
to avoid adverse impacts and preserve beneficial values 
in floodplains. 

SCG Activities may occur within the floodplain of 
the Hudson River. 

    

 

 

 

 

 

 

 

 

 Executive Order 11990 - 
Protection of Wetlands 

40 CFR Part 6 Subpart A Activities taking place within wetlands must be done to 
avoid adverse impacts. 

SCG Would be applicable to remediation activities 
conducted in any perimeter jurisdictional 
wetlands. 

 National Historic Preservation act 16 USC 470 Establishes requirements for the identification and 
preservation of historic and cultural resources 

SCG Would be applicable to the management of 
historic or archeological artifacts identified 
on the site. 

Critical Habitat Endangered Species Act and Fish and 
Wildlife Coordination Act 

 

 16 USC 661 and 16 U.S.C. 1531 

 

Actions must be taken to conserve critical habitat in 
areas where there are endangered or threatened species. 

SCG Requirements would be applicable if 
endangered or threatened species are 
identified on or adjacent to the site. 

Considering Wetlands 
at CERCLA Sites 

Wetlands Protection at CERCLA sites OSWER 9280.0-03 Guidance document to be used to evaluate impacts to 
wetlands at Superfund sites 

TBC Requirements should be considered when 
evaluating impacts to any perimeter 
jurisdictional wetlands. 

STATE 
      

Floodplains Floodplain Management Regulations 6 NYCRR Part 500 Establishes floodplain management requirements 
including limitations on projects, including placement 
of fill, which may result in an increase in flood levels or 
water surface elevations during a base flood discharge. 

SCG Remediation activities may occur within the 
floodplain of the Hudson River. 

Floodplain TSD Facility Permitting Requirements 6 NYCRR Subpart 373-1 Facility must be designed and operated to avoid 
washout. 

SCG Requirements are potentially applicable to 
any upland treatment, storage or disposal of 
hazardous wastes within the floodplain of the 
Hudson River. 

Notes: 
SCGs = soil cleanup goals 
TBC = to be considered 
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TABLE 2-4 
CHEMICAL CONTAMINANTS OF POTENTIAL CONCERN BY MEDIA 

 
SOIL  GROUNDWATER 
    
Volatiles Semivolatiles Volatiles Semivolatiles 
Acetone Acenaphthene Acetone Acenaphthene 
Benzene Acenaphthylene Benzene Acenaphthylene 
Ethylbenzene Anthracene Ethylbenzene Anthracene 
Styrene Benzo(a)anthracene Toluene Benzo(a)anthracene 
Toluene Benzo(a)pyrene Xylenes Benzo(a)pyrene 
Xylenes Benzo(b)fluoranthene  Benzo(b)fluoranthene 
 Benzo(g,h,i)perylene Pesticides/PCBs Benzo(g,h,i)perylene 
Pesticides/PCBs Benzo(k)fluoranthene Endrin Benzo(k)fluoranthene 
4,4’-DDD Bis(2-ethylhexyl)phthalate  Carbazole 
4,4’-DDE Carbazole Inorganics Chrysene 
4,4’-DDT Chrysene  Dibenzofurane 
Aldrin Dibenzo(a,h)anthracene Arsenic Diethylphthalate 
alpha-Chlordane Dibenzofurane Beryllium Fluoranthene 
Arochlor-1260 Diethylphthalate Chromium Fluorene 
Dieldrin Fluoranthene Cobalt Indeno(1,2,3-cd)pyrene 
Endrin Fluorene Copper Naphthalene 
Endrin aldehyde Indeno(1,2,3-cd)pyrene Vanadium Phenanthrene 
Endosulfane II 2-Methynaphthalene Antimony Pyrene 
Endosulfan sulfate Naphthalene Cadmium  
gamma-Chlordane Phenanthrene Lead  
Heptachlor 
epoxide 

Pyrene  Thallium  

Methoxychlor  Selenium  
    
Inorganics    
Aluminum    
Arsenic    
Barium    
Chromium    
Cobalt    
Copper    
Lead    
Manganese    
Mercury    
Nickel    
Selenium    
Thallium    
Vanadium    
Zinc    
Cyanide    
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2.3.2 Allowable Exposure Based on SCGs 
Chemical-specific or ambient criteria SCGs available for an environmental medium were 
evaluated considering the maximum concentrations observed in that medium at points of 
potential exposure. 

Table 2-5 summarizes the potential SCG-based PRGs for soil. 

Table 2-6 summarizes the potential SCG-based PRGs for groundwater. 
2.3.3 Interim PRGs 
Interim PRGs are based on the TAGM 4046 values for soil and the TOGS 1.1.1 Class GA 
Groundwater Criteria for groundwater.  

For the on-site soil (ACOE and NG Properties), commercial/industrial SCGs with a deed 
restriction would be utilized.  For off-site soil, the residential standards would apply, with 
no deed restriction.  

For the site-wide groundwater, a comparison is made in Table 2-6 of groundwater Class 
GA standards and practical PRGs, based on the application of method detection 
limitations to the GA standards. The site-wide groundwater PRGs would be based on the 
GA standards as limited by method detection limits.  

Table 2-7 summarizes the interim PRGs for soil and groundwater based on the data 
presented in Tables 2-5 and 2-6. 
2.3.4 Remedial Action Objectives 
In this section, site-specific RAOs are identified based on public health and 
environmental concerns and on SCGs.  The RAOs for the site are to eliminate or to 
reduce to the extent practicable: 

 

• Contact with, or inhalation of MGP-related contaminants, from contaminated 
groundwater or soil. 

• The source of groundwater MGP-related contamination. 

• Ingestion of MGP-related contaminants in soil. 

• Migration of MGP-related contaminants that would result in groundwater or 
surface water contamination. 

 

Further, the RAOs for the site include attaining, to the extent practicable, ground water 
standards. 
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TABLE 2-5 
POTENTIAL SCG-BASED PRGs FOR SOIL 

 
MGP Residual SCG-Based 

PRGs (mg/kg) 
  
Volatiles  
Benzene 0.06 
  
Semi-Volatiles  
Acenaphthylene 50 
Benzo(a)anthracene 0.31 
Benzo(a)pyrene 0.061 
Benzo(b)fluoranthene 1.1 
Benzo(k)fluoranthene 1.1 
Chrysene 0.4 
Dibenzo(a,h)anthracene 0.31 
Indeno(1,2,3-c,d)pyrene 3.2 
Naphthalene 13 
Phenanthrene 50 
Pyrene 50 
  
Inorganics  
Arsenic 7.5 
Cadmium 1 
Chromium (Total) 10 

1 – Based on method detection limit, which is 
proposed as equivalent to the SCG, for the 
two compounds noted. 
2 – Based on TAGM 4046 
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TABLE 2-6 
POTENTIAL SCG-BASED PRGs FOR GROUNDWATER 

MGP Residuals 

TOGS 1.1.1 
Class GA-

Based 
Groundwater 
SCGs (ug/L) 

Selected PRG  
(ug/L) 

   
Volatiles   
Benzene 0.7 5 1 
   
Semi-Volatiles   
Acenaphthylene 20 20 
Benzo(a)anthracene 0.002 10 2 
Benzo(a)pyrene 0.002 10 2 
Benzo(b)fluoranthene 0.002 10 2 
Benzo(k)fluoranthene 0.002 10 2 
Chrysene 0.002 10 2 
Dibenzo(a,h)anthracene 50 50 
Indeno(1,2,3-c,d)pyrene 0.002 10 2 
Naphthalene 10 10 
Phenanthrene 50 50 
Pyrene 50 50 
   
Inorganics   
Arsenic 12 50 1 
Cadmium - - 
Chromium 40 100 1 
“-” indicates not applicable or no value available 
1 – Based on maximum contaminant level (MCL) 
2 – Based on method detection limit (MDL) 
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TABLE 2-7 
INTERIM PRGs FOR SOIL AND GROUNDWATER 

 

MGP Residuals 
Soil 

 (mg/kg) 
Groundwater  

(ug/L) 
   
Volatiles   
Benzene 0.06 5  
   
Semi-Volatiles   
Acenaphthylene 50 20 
Benzo(a)anthracene 0.3  10  
Benzo(a)pyrene 0.061 10 
Benzo(b)fluoranthene 1.1 10 
Benzo(k)fluoranthene 1.1 10  
Chrysene 0.4 10  
Dibenzo(a,h)anthracene 0.3  50 
Indeno(1,2,3-c,d)pyrene 3.2 10  
Naphthalene 13 10 
Phenanthrene 50 50 
Pyrene 50 50 
   
Inorganics   
Arsenic 7.5 50  
Cadmium 1 - 
Chromium 10 100  
“-” indicates not applicable or no value available 
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2.4 General Response Actions 
To meet the RAOs developed for the site, the following GRAs for soil and groundwater 
have been identified: 

1. No Action 
2. Limited Action 

a. Institutional Controls (e.g., deed restrictions) 
b. Engineering Controls (e.g. fencing) 

3. Containment 
4. Treatment/Disposal 

a. In-situ Treatment 
b. Removal/Treatment/Disposal 

No Action involves no treatment but would implement reviews for periodic reevaluation 
of site conditions. Limited Action involves measures that restrict access to contaminated 
areas through physical and/or administrative measures, and include long-term 
monitoring. 

Containment actions include technologies that involve little or no treatment, but provide 
protection of human health and the environment by reducing mobility of contaminants 
and/or eliminating pathways of exposure.  

Treatment/Disposal actions include technologies that act to reduce the volume, toxicity 
and/or mobility of contaminants. These technologies include in-situ treatment or removal 
and ex-situ treatment (e.g., physical, chemical, thermal, biological). Disposal actions 
include both on-site and off-site disposal technologies. 
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3.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND 
SELECTION OF PROCESS OPTIONS 

The screening of remedial technologies is performed in two steps: (1) the identification 
and screening of technology types and process options for each general response action, 
and (2) the evaluation and selection of representative process options. The following 
sections discuss the results of these steps. 

3.1 Identification and Screening of Technologies 
The remedial technology types associated with each of the general response actions 
typically considered for the cleanup of contaminated soil and groundwater were 
developed from the October 1988 Interim Final Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (USEPA, 1988), experience on 
other hazardous waste projects, and evaluation of new and emerging technologies. 
 
Remedial technology types associated with each general response action are discussed in 
this section. Most of these remedial technology types contain several different process 
options that could apply to the contaminated soil and groundwater. These potentially 
applicable technologies and process options are screened based on technical feasibility, 
considering site-specific conditions, contaminant types, and concentrations. 
3.1.1 Soil 
In this section, potential technologies for remediation of contaminated soil exceeding 
PRGs are discussed and summarized with the results of the initial screening. For those 
technologies that were not retained for further evaluation, the rationale for their 
elimination is included. Table 3-1 summarizes the results of the preliminary screening of 
soil technologies and process options discussed below.  

3.1.1.1 No Action 
Description: No Action is an option that does not include any remedial measures. No 
Action allows for long-term monitoring, periodic reviews of the site and reevaluation of 
the need for remedial action at five-year intervals. 

Initial Screening: No active remediation or institutional controls are implemented under 
this option. Any reduction in the toxicity, mobility or volume of contaminants would be 
the result of natural attenuation, since no treatment would be implemented. The No 
Action alternative is retained for further evaluation as a baseline for comparison of other 
alternatives. 

3.1.1.2 Limited Action 
Limited Action consists of technologies that are generally passive, including monitoring, 
access restrictions (e.g., engineering controls such as fencing and warning signs) and 
institutional controls (e.g., deed restrictions, health and safety plans, soil management 
plan, etc.). 
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TABLE 3-1 
SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 

General Response 
Actions 

Remedial 
Technology Types 

Process Options Technical 
Feasibility 

No Action No Action  Monitoring and Site 
Reviews 

Retained 

Access Restrictions Access Restrictions Retained 
Deed Restrictions Retained Institutional Controls 
Health and Safety Plan 
and Soil Management 
Plan 

Retained 

Limited Action 

Monitoring Monitoring and Site 
Reviews 

Retained 

Permeable Soil  Retained 
Clay Retained 
Asphalt Retained 

Capping 

Multi-Media Retained 
Sheet Piling Retained 
Slurry Walls Not Retained 

Containment 

Barrier Walls 

Grouting Retained 
Excavation Retained Removal  
Recovery Wells Retained 
Soil Vapor Extraction Not Retained 
Soil Flushing/Washing Not Retained 
Stabilization/ 
Solidification 

Retained 

Steam stripping (DUS) Not Retained 
Biodegradation Not Retained 

In-situ Treatment 
 
 
 
 

Oxidation Not Retained 
Reuse/Recycling Retained 
Stabilization/ 
Solidification 

Retained 

Thermal Desorption Retained 
Incineration Retained 
Biodegradation Not retained 
Soil Flushing/ Washing Not retained 

 
Ex-situ Treatment 

Soil Vapor Extraction Not retained 
On-site Landfill Not Retained 

Removal/Treatment/
Disposal 

Disposal 
Off-site Disposal Retained 
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3.1.1.2.1 Access Restrictions 
Description: Access to the site, and use of the site, would be restricted by providing a 
security fence around the site and affixing signs (as appropriate).  

Initial Screening: Fencing around the impacted soil areas would effectively prevent 
exposure to the impacted materials. A security fence currently exists around the site. This 
process option is retained for further evaluation. 

3.1.1.2.2 Deed Restrictions 
Description: With this process option, land use restrictions would be included in the deed 
and would be retained through real estate transactions. Examples would include use 
restrictions and limitations on excavation at the site. 

Initial Screening: Use restriction would be required as a final step in the development of 
remedial alternatives that do not remediate the site to unrestricted use conditions. Deed 
restriction is retained as a process option. 

3.1.1.2.3 Health and Safety and Soil Management Plans 
Description: This process option includes the preparation, implementation and 
maintenance of Plans for the property. The Plans would require monitoring and use of 
personal protective equipment during construction activities at the site, and would 
provide soil management requirements. 

Initial Screening: Plans would be required as the final step in the development of 
remedial alternatives that do not remediate the site to unrestricted use conditions.  Plans 
are retained as a process option. 

3.1.1.2.4 Monitoring and Site Reviews 
Description: This process option includes periodic data collection (e.g., quarterly, annual, 
etc.) and review of the data to assess the current conditions at the site. This data would be 
used to determine if implemented remedial activities have achieved the RAOs or are 
continuing to be protective of human health and the environment as conditions improve 
towards achieving the RAOs. Should site reviews indicate conditions are worsening or 
the current conditions pose an unacceptable risk to human health or the environment, 
additional activities could be implemented. 

Initial Screening: Periodic monitoring and site reviews are necessary to assess the 
progress of remedial activities and the protectiveness of implemented actions until RAOs 
are achieved. They are a necessary component of nearly all remedial actions, the 
exception being those that immediately achieve RAOs, and are therefore retained as a 
process option. 

3.1.1.3 Containment 
Containment provides isolation of contaminated soil from potential receptors and/or 
uncontaminated media. Capping technologies and/or vertical barriers can be used to 
contain contaminated soil, minimize human exposure to soil, control migration of NAPL, 
and reduce leaching of contaminants from the soil to groundwater. Capping of 
contaminated soil could be achieved by using permeable soil caps, clay caps, asphalt 
caps, and multiple layer caps. Vertical barriers include sheet piling, slurry walls and grout 
curtains, which can be used to mitigate contaminant migration. 
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3.1.1.3.1 Permeable Soil Cap 
Description: A permeable soil cap can be installed over contaminated soil to mitigate 
direct contact with contaminants. A permeable soil cap would have a high permeability 
relative to clay, and would allow percolation of surface water, runoff, etc. 

Initial Screening: A permeable soil cap would be effective in mitigating direct contact 
with contaminated surface soils; however, soil caps do not reduce contaminant migration 
to groundwater. Permeable soil caps are susceptible to erosion from climatic and storm 
forces which can be mitigated with a properly maintained vegetative cover. Permeable 
soil caps are also susceptible to settling, ponding of liquids, and naturally occurring 
invasions by burrowing animals and deep rooted vegetation if not properly maintained. 
This option is retained for the ACOE property and portions of the NG property that are 
not paved. 

3.1.1.3.2 Clay Cap 
Description: Clay caps are commonly used as cover for lands that contain both hazardous 
and non-hazardous wastes. Bentonite, a natural clay with high swelling properties, is 
often mixed with on-site soil and water to produce a low permeability layer. A low 
permeability clay cap would not only physically isolate the source, but also reduce the 
potential for leaching of contaminants to groundwater by creating a low permeability 
barrier. 

Initial Screening: A clay cap would be effective in mitigating direct contact with 
contaminated soils and would also mitigate contaminant migration by reducing surface 
infiltration; however, clay caps do not mitigate contaminant migration beneath the water 
table. Clay, which consists of fine material, is susceptible to erosion from climatic and 
storm forces which can be mitigated with a properly maintained vegetative cover. Proper 
particle distribution is essential to create a low permeability cap. Clay caps are also 
susceptible to cracking, settling, ponding of liquids and naturally occurring invasions by 
burrowing animals and deep rooted vegetation if not properly maintained. This option is 
retained for the ACOE property and portions of the NG property that are not paved. 

3.1.1.3.3 Asphalt Cap 
Description: An asphalt cap would consist of graded soil and a gravel sub-base, with 
asphalt paving as a final cover. The cap minimizes wind and rain erosion, preserves slope 
stability, and provides protection from the elements for layers below it. 

Initial Screening: Asphalt caps provide a low permeability cover to mitigate direct 
contact with contaminated soils and infiltration; however, asphalt caps do not mitigate 
contaminant migration beneath the water table. They are less susceptible to erosion from 
climatic and storm forces than a soil or clay cap. An asphalt cap is subject to cracking and 
settling if not properly maintained. However, it would be effective in achieving remedial 
action objectives for soil including mitigating direct contact with contaminated soils. This 
option is retained for the ACOE property and the NG property, which is already mostly 
paved. 
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3.1.1.3.4 Multi-Media Cap 
Description: A multi-media cap is a combination of two or more of the single layer 
capping technologies. A disadvantage of one can be compensated for by an advantage of 
another. Most caps recommended for hazardous waste projects are multi-layer caps. The 
multi-media cap would typically consist of 2 feet of clay, a synthetic liner, filter fabric, 1 
foot of sand, 2 feet of top soil, and vegetation at the top. 

Initial Screening: The performance of a properly installed, multi-layered cap is generally 
excellent. There is still a need for periodic monitoring and maintenance of the cap but to 
a lesser extent than a single media cap. This type of cap would require more restrictions 
on future use of the site and would be less practical to install around buildings and on 
small areas while offering little increased benefit.  However, this type of cap has the 
advantage of reducing infiltration, in addition to minimizing exposure.  Therefore, this 
option is retained. 

3.1.1.3.5 Sheet Piling 
Description: Sheet piling driven into the soil can be used as a barrier to mitigate NAPL 
migration. This technique could also be extended whereby the soil within the enclosure is 
dewatered and soil remedial activities could proceed in a “dry” state. Steel or heavy 
gauge PVC sheet piling cutoffs require very little maintenance. Sheet piling should not be 
considered for use in very rocky soils. Recent advances in jointing technology have made 
sheet piling relatively resistance to leakage. 

Initial Screening: Sheet piling is feasible for source control when it can be keyed into a 
low permeability bottom layer, which is evident on-site at approximately 40 to 60 feet 
below ground surface (bgs). This process option is retained for both the ACOE property 
and NG property. 

3.1.1.3.6 Slurry Walls 
Description: Slurry walls are a common subsurface barrier because they are a relatively 
inexpensive means of reducing groundwater flow through contaminated source materials. 
Slurry walls are constructed in a vertical trench that is excavated under a slurry. This 
slurry, usually a mixture of bentonite and water, acts essentially like a drilling fluid. It 
hydraulically shores the trench to prevent collapse, and at the same time, forms a filter 
cake on the trench walls to prevent high fluid losses into the surrounding ground. In some 
cases, soil or cement are added to the bentonite slurry to form a soil-bentonite or cement-
bentonite slurry wall.  Slurry wall installation typically requires the handling of 
potentially contaminated excess spoils and can be difficult to manage near a tidal water 
body. 

Initial Screening: Slurry walls are typically used when they can be "keyed" into a 
confining clay or bedrock layer. The depth to the bedrock layer appears to be 
approximately 40 to 60 bgs. This is within the reach of modern excavating equipment. 
However, this process option is not retained due to the potential spoil handling concern 
and proximity to the river. 

3.1.1.3.7 Grouting 
Grouting is typically accomplished by drilling a grout tool down to a given depth and 
then raising up the tool while injecting grout through the jet. The actual grouting injection 
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locations may be at plan intervals close enough to ensure overlap of the known radius of 
a jet tool, or may be further apart based on the ability of the grout to penetrate 
undisturbed soils that are beyond the tool radius. This technique can be used to construct 
a full or partial vertical barrier. 

Initial Screening: Subsurface obstructions can interfere with the drilling process as can 
the presence of utilities or structures. Also, the process typically results in an excess 
volume, and this material has to be managed and in most cases disposed of. However, the 
process can be an effective in controlling NAPL migration in soil and may be useful 
where other barrier technologies cannot be used or to connect sheet pile barriers across 
obstructed areas.  Therefore, grouting is retained. 

3.1.1.4 Removal 
This process involves physical removal of contaminated soil, usually with the intention of 
subsequent treatment and/or disposal. This category includes excavation and is a 
preliminary or support technology as a part of ex situ treatment options which first 
require removal of the contaminated media. LNAPL and DNAPL can also potentially be 
addressed by physical removal as discussed in this section. 

3.1.1.4.1 Excavation 
Description: Excavation refers to the use of construction equipment such as backhoes, 
bulldozers, front end loaders, and clamshells that are typically used on land to excavate 
and handle contaminated soil. Excavation could also be used to access shallow LNAPL 
zones to provide a means for physical removal of LNAPL. Excavation of soil to 
confining layers or other barriers to DNAPL migration can also provide a means of 
accessing and removing DNAPL. 

Initial Screening: Excavation would be required as the initial material handling step in 
numerous remedial alternatives. Excavation is retained for both the ACOE property and 
NG property. 

3.1.1.4.2 Recovery Wells 
Description:  Recovery wells can be installed in impacted areas to recover NAPL.  In 
particular, recovery wells can be installed adjacent to barriers and/or in areas of NAPL 
impact that cannot easily be accessed by excavation. 

Initial Screening:  Recovery wells are an effective means to remove NAPL that 
accumulates at a barrier or that cannot be removed by other means (e.g., excavation).  
NAPL removal can be performed as a periodic O&M task.  Recovery wells are retained 
for further evaluation. 

3.1.1.5 In-situ Treatment 
Treatment technologies are used to change the physical or chemical state of a 
contaminant or to destroy the contaminant completely to reduce volume, toxicity and/or 
mobility of the contaminant. In-situ treatment is a technology category in which 
contaminated soil is treated “in place”, without removal of the soil media. The 
technologies evaluated in this category are soil vapor extraction, soil washing, 
stabilization/solidification, steam stripping, biodegradation, and chemical oxidation. 

 



 
Troy (Smith Ave.) Site, OU1 

Final Feasibility Study Report 
 

3-7 
 

3.1.1.5.1 Soil Vapor Extraction 
Description: Vapor extraction wells are installed throughout the impacted material down 
to the water table. Through a network of piping, a vacuum is applied to the wells to draw 
off the constituents as a vapor. Some variations utilize injected air into wells within the 
water table combined with vacuum extraction to liberate contaminants within the 
groundwater along with vadose zone contamination. The removed vapor usually requires 
further treatment via thermal oxidation or carbon adsorption prior to release to the 
atmosphere.  

Initial Screening: PAHs, the predominant contaminants of concern at the site, are not 
volatile and not highly amenable to this treatment process, particularly the higher-ringed 
compounds. Therefore, this process option is not retained.  

3.1.1.5.2 In-situ Soil Flushing/Washing 
Description: Organic constituents can be washed from contaminated soils by means of an 
extraction process termed “soil washing.” An aqueous solution (e.g., surfactant) is 
injected into the area of impacted material. As the aqueous solution flows through the 
impacted media, sorbed contaminants are mobilized into solution by reason of solubility, 
formation of an emulsion, or by chemical reaction with the flushing solution. The 
solution, combined with the removed constituents, is then extracted from the subsurface 
utilizing wells and multi-phase extraction methods. Surfactants can be used to improve 
the solvent property of the recharge water, emulsify insoluble organics, and enhance the 
removal of hydrophobic organics sorbed onto soil particles. Surfactants improve the 
effectiveness of contaminant removal by improving both the detergency of aqueous 
solutions and the efficiency by which organics may be transported by aqueous solutions. 
Additional treatment of the extracted aqueous waste is necessary prior to disposal.  

Initial Screening: In-situ soil washing relies on the homogeneity of the subsurface 
medium for proper transmission of the washing reagent throughout the saturated zone and 
contact with organic constituents. As noted above, the site geology includes 
heterogeneous fill material, fine grained soils and subsurface structures which could 
negatively impact the ability of the washing reagent to contact all impacted material. 
LNAPL is potentially treatable with this technology. The low solubility of the heavier 
PAHs in the MGP impacted areas could prevent effective soil washing even in the 
presence of a surfactant. Additionally, this process when used over a wide area would 
also generate a substantial quantity of wastewater that would require treatment and 
disposal. In addition, close to the river there is also a potential to mobilize contamination 
and therefore a potential to discharge contaminated water to the river. Therefore, this 
technology is not retained. 

3.1.1.5.3 In-situ Stabilization/Solidification 
Description: In-situ stabilization is a process whereby contaminated soils are converted 
in-place into a stable cement type matrix in which contaminants are bound or trapped and 
become immobile. Silicates can stabilize contaminants such as metals and some organics, 
including low concentrations of PAHs. It has been demonstrated that chemical fixation 
products of certain silicate-based mixtures do not leach metals and most organics. Large 
augers are used to inject the stabilizing reagents and mix the impacted material. 
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Treatment may be achieved in both the saturated and unsaturated zones with this 
technology. 

Initial Screening: For the site contaminants and physical conditions present, this process 
option could effectively reduce the risks associated with the site. Treatability studies 
would be required prior to design of an in-situ stabilization remedy for the site. This 
technology is retained for further evaluation for both the ACOE property and NG 
property. 

3.1.1.5.4 In-situ Steam Stripping (Dynamic Underground Stripping (DUS)) 
Description: In-situ steam stripping is a physical separation treatment process that utilizes 
steam introduced into the impacted material to strip off the organic constituents. Steam is 
injected into the periphery of the contaminated areas to vaporize and mobilize 
contaminants, which are then extracted at centrally located vapor and liquid extraction 
points. In combination, electrical heating may be used to vaporize contaminants in less 
permeable zones or lenses. Vapor and liquid collection and treatment systems would be 
required to process the extracted liquid and vapor prior to disposal. Treatment is achieved 
in both the saturated and unsaturated zones. 

Initial Screening: For the site contaminants and physical conditions present, this process 
option could effectively reduce the risks associated with both the ACOE property and NG 
property. Treatability studies would be required prior to design of a DUS remedy for the 
site. However, the process can result in phase separation and contaminant mobilization in 
mid process and is therefore a concern near the river.  Therefore, this technology is not 
retained for further evaluation 

3.1.1.5.5 In-situ Biodegradation 
Description: Biological treatment involves the use of native microbes or selectively 
adapted bacteria to degrade a variety of organic compounds. The biological processes 
usually involve the addition of microbes, nutrients, and oxygen. To enhance the 
performance of microbial activity in the subsurface, oxygen is added to the saturated zone 
via either an oxygen releasing compound or controlled direct injection of air or oxygen 
itself. Treatment is generally only accomplished in the saturated zone. 

Initial Screening: This process option relies on the natural action of microbial activity to 
reduce levels of organic constituents in the subsurface. This is a lengthy process and not 
well established for MGP-related NAPL, therefore, this technology is not retained for 
further evaluation. 

3.1.1.5.6 In-situ Chemical Oxidation 
Description: This technology involves the use of a chemical reagent that is injected into 
the soil via constructed wells or driven wellpoints to break down the organic constituents 
into carbon dioxide and water. Generally, a hydrogen peroxide based mixture is used, 
with additives and catalysts to enhance the reaction characteristics. The amount of 
reagent needed, spacing of injection points, and the frequency of addition to achieve 
cleanup goals are dependent upon organic concentrations and soil characteristics.  

Initial Screening: This technology has been shown to be effective in the destruction of 
high levels of organic constituents in the subsurface saturated zone. Bench scale testing, 
in combination with field pilot studies, would be necessary to further refine the 
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operational conditions of this technology. There are two basic limits to this technology as 
possibly applied to the Troy Site. First, the technology may not be capable of oxidizing 
PAH compounds to an appropriate extent. In addition, if sufficient reagents cannot reach 
and oxidize the targeted contaminants, then there is a potential to mobilize contaminants 
to the Hudson River. Therefore, this process option is not retained for further evaluation.  

3.1.1.6 Ex-Situ Treatment 
Treatment technologies may be implemented ex-situ, i.e., after excavation of 
contaminated soil. The process options for ex-situ treatment technologies that were 
evaluated included: reuse/recycling, stabilization/solidification, thermal desorption, 
incineration, biodegradation, soil washing and soil vapor extraction.  

3.1.1.6.1 Reuse/Recycling 
Description: This category of process options includes the processing of removed 
impacted material at facilities that will use the material as part of the process to produce 
an end product, or as a fuel substitute. These process options include: cold batch asphalt 
(on or off-site), hot mix asphalt batching, brick manufacturing, cement manufacturing, 
and co-burning in an industrial boiler. In addition, it is sometimes practical to use lime to 
amend soils for moisture and to re-use slightly impacted soils at MGP sites, thereby 
reducing the amount of imported backfill that is needed, and reducing the amount of 
offsite disposal that is required to mitigate a site. 

Initial Screening: Soil impacted with MGP residuals may be amenable to onsite 
amending for moisture and for re-use at the site. This option is applicable and effective 
for the re-use of slightly or non-impacted soils at the site, and is retained for further 
evaluation for both the ACOE property and NG property. 

3.1.1.6.2 Solidification/Stabilization 
Description: Stabilization is a process whereby contaminated soils are converted into a 
stable cement type matrix in which contaminants are bound or trapped and become 
immobile. Generally, cementing additives are used, with other reagents as necessary to 
stabilize the organic constituents present in the site soil. A pug mill is used to thoroughly 
mix the impacted material with the additives. 

Initial Screening: This process would be effective for the impacted material. This 
technology would immobilize contaminants in the soil matrix and would require long-
term monitoring at the point of disposal. Bench testing would be required to identify the 
appropriate additives and dosage rates. This technology can be used for effective 
immobilization of constituents present at the site and therefore is retained for further 
evaluation as a process option for both the ACOE property and NG property. 

3.1.1.6.3 Thermal Desorption 
Description: The thermal desorption technology is a thermal stripping process. Prepared 
soils are introduced into the enclosed heated chamber using a heated screw or belt 
conveyor. Direct or indirect heating methods are used to volatilize organics from the soil. 
The off-gas containing the thermally stripped compounds is then combusted in an 
afterburner, adsorbed in a carbon adsorption unit or treated by catalytic oxidation 
designed to ensure removal of these compounds to acceptable levels. Typical operating 
temperatures for thermal stripping of organics are 400oF to 900oF; however, higher 
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temperatures are achievable. Operating temperatures are selected based on the 
hydrocarbons present in the soil. 
Initial Screening: The removed materials would require screening and dewatering as 
feedstock preparation for this process. The off-gas could potentially require the use of air 
pollution control devices. The residue will contain inorganics that may require additional 
treatment such as stabilization prior to disposal in a landfill. This technology is applicable 
and effective for removal of organic constituents prior to disposal, and is retained as a 
process option for both the ACOE property and NG property. 
3.1.1.6.4 Incineration 
Description: Incineration is a thermal destruction method which can be used to destroy 
combustible waste materials including organic contaminants in soils. Incineration 
systems such as multiple hearth, rotary kiln, infrared and fluidized bed can treat highly-
contaminated soils at high temperatures (1200oF to 1800oF in the primary chamber and at 
1400oF to 2400oF in the secondary chamber). Infrared incineration systems are used 
primarily for solids or sludges. 
Initial Screening: High temperature incineration is suitable for removal of volatile and 
semi-volatile organics in contaminated soils. The off-gas could potentially require the use 
of air pollution control devices. The residue will contain inorganics that may require 
additional treatment such as stabilization prior to disposal in a landfill. Incineration is 
retained as an option for both the ACOE property and NG property, for excavated soils 
that cannot be treated adequately by thermal desorption. 
3.1.1.6.5 Biodegradation 
Description: Biological treatment involves the use of native microbes or selectively 
adapted bacteria to degrade a variety of organic compounds. The biological processes 
usually involve the addition of microbes, nutrients, oxygen and moisture. The microbial 
action serves to effectively degrade the organic constituents. Several options for 
implementing this approach on-site for excavated materials exist, including: constructing 
a biopile, landfarming, or composting. The option that would be most appropriate for this 
site is the construction of an engineered biopile. In order to minimize odors from this 
process, the pile would be covered with a heavy polyethylene sheeting.  
Initial Screening: Aerobic biodegradation has been demonstrated to be effective on the 
organic constituents present on site. Use of this option on-site would eliminate the need 
for off-site transportation and disposal of impacted material. Some of the heavier 
organics would require lengthy time frames to degrade. This technology is not effective 
on NAPL. Additionally, there is limited land area on-site, therefore, on-site ex-situ 
biodegradation is not retained. 
3.1.1.6.6 Soil Washing 
Description: Soil washing of excavated soil involves processing the impacted material in 
a reactor vessel, or other treatment unit in conjunction with a reagent solution designed to 
remove the organic constituents from the native soil. The optimum reagent and reaction 
time would require the performance of bench and pilot studies to optimize the process. 
Initial Screening: Significant feedstock preparation is required for this process option. Ex 
situ soil washing overcomes heterogeneity concerns associated with in-situ soil washing; 
however, the low solubility of certain higher-ringed PAHs could still prevent effective 
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treatment via this process option. Large volumes of aqueous wastes would also be 
generated and would require further treatment and disposal. This process option is not 
retained. 
3.1.1.6.7 Soil Vapor Extraction 
Description: This process option involves the construction of engineered stockpiles of 
impacted soil after excavation. Slotted pipes are installed within the stockpiles and a 
vacuum is applied to draw off the volatile organic constituents. An emissions control 
system is required to treat extracted vapor prior to release to the environment.  
Initial Screening: This process is amenable to the removal of volatile organic 
constituents. It is not effective on the heavier SVOCs present at the site and there is 
limited space available on-site; therefore, this option is not retained for further evaluation. 
3.1.1.7 Disposal 
This category of remedial process options refers to disposal of impacted soil on or off-
site, with or without any treatment. The remedial technologies are on-site landfill (with or 
without treatment) and off-site disposal (with or without treatment). 
3.1.1.7.1 On-Site Landfill 
Description: Impacted soil would be excavated and then disposed of in an on-site landfill. 
A regulated landfill would have to be constructed on-site, including liner system, leachate 
collection and treatment, and multi-layer cap.  
Initial Screening: The landfill would have to meet rigorous regulatory requirements. The 
depth to groundwater is not sufficient to allow for the construction of an efficient landfill, 
and there is not sufficient space available on-site for this option; therefore, this option is 
not retained.  
3.1.1.7.2 Off-Site Disposal 
Description: Hazardous impacted material (if any) would be transported to a regulated 
facility and properly disposed of following treatment to meet LDRs if necessary. Non-
hazardous soil can be directly disposed of off-site in a non-hazardous landfill or 
potentially reused (e.g., as landfill cover) after thermal desorption if appropriate in 
accordance with NYSDEC rules. 
Initial Screening: High disposal costs and regulatory restrictions are associated with 
hazardous off-site disposal and there is limited off-site treatment and landfill capacity 
available. Offsite disposal to a non-hazardous landfill either directly or after thermal 
desorption is a viable option. Both hazardous and non-hazardous materials may be 
encountered during remedial operations. Both materials would have to be managed and 
therefore this option is retained. 
3.1.2 Groundwater 
In the following sections, potential groundwater remedial technologies are briefly 
described and summarized with the results of the screening. Technologies capable of 
addressing NAPL impacts are identified as such. For those technologies that were not 
retained, the rationale for their elimination is included. Table 3-2 summarizes the results 
of the preliminary screening of groundwater technologies and process options discussed 
below. 
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3.1.2.1 No Action 
Description: No Action is not a category of technologies but is a group of activities that 
can be used to address the contaminated groundwater when no remediation measures will 
be implemented. The No Action approach includes 5-year reviews to assess future 
remedial actions if deemed necessary.  

Initial Screening: This approach would not provide any remedial action. Although it will 
be shown that the No Action alternative would not meet remedial objectives, it will be 
retained throughout the detailed evaluation as a baseline for comparison of other 
alternatives. 

3.1.2.2 Limited Action 
Limited Action is a category of institutional controls that includes use restrictions, 
planning, long-term monitoring and five-year site reviews to assess migration of 
contaminants. 

3.1.2.2.1 Institutional Controls 
Description: Institutional controls as applied to groundwater include public notification 
measures and use restrictions to control exposure to site conditions.  

Some actions included in this category could be restrictions be placed in the property title 
deed to restrict use of the site groundwater, and actions initiated by the local government 
or the state to include well permit requirements that would restrict or regulate the 
installation of new wells.  

Other actions could include implementation of a health and safety plan that would 
include and establish guidelines for groundwater management and use in the area, and 
implementation of a monitoring program with five-year reviews that would include 
evaluation of long-term restorations to class GA standards by natural processes. 

It should be noted that natural processes area expected to provide very slow, long-term 
restoration toward Class GA standards.  These natural processes are expected to include 
bio-attenuation, dilution, soil sorption, etc.  However, these processes are not presented in 
the form of an MNA program because MNA as a groundwater technology requires 
evaluation of duration and extent of migration through analysis of data obtained from 
sentinel wells and wells downgradient of source materials.  At this site, since NAPL is 
expected to be contained directly adjacent to the river, an evaluation of duration and 
extent per MNA guidelines is not believed to be practical.  Therefore, an MNA program 
is not presented. 

Initial Screening: Currently, groundwater is not used at the ACOE or National Grid 
property, however to prevent future use, restrictions and other institutional control actions 
would ensure that the currently incomplete groundwater pathway remains incomplete as 
long as groundwater contaminant concentrations exceed Class GA standards. Institutional 
controls are retained as a process option for both the ACOE property and NG property. 
Therefore, this option, including possible deed restrictions, health and safety planning, 
and monitoring with five-year reviews is retained. 
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TABLE 3-2 
SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS 

OPTIONS 
 

General Response 
Actions 

Remedial 
Technology Types 

Process Options Technical Feasibility

No Action No Action Site Reviews Retained 
Use Restrictions Retained 
Health and Safety 
Plan 

Retained 
Limited Action Institutional Controls 

Monitoring and 5-
year Reviews 

Retained 

Sheet Piling Retained 
Slurry Walls Not Retained 
Grouting Retained 

Containment Barrier Walls 

Hydraulic 
Containment 

Not Retained 

Removal Extraction Wells Conditionally 
Retained* 

Funnel and Gate Retained 
Biodegradation Retained 

In-situ Treatment 

Chemical 
Oxidation/Ozonation 

Retained 

 Carbon Adsorption Retained 
Phase Separation Retained 
Neutralization/pH 
Adjustment 

Retained 

Chemical 
Precipitation 

Retained 

Clarification Retained 
Filtration Retained 
Carbon Adsorption Retained 
UV-Oxidation Retained 
Ion Exchange Not Retained 
Reverse Osmosis Not Retained 

Ex-Situ Treatment 

Biological Treatment Retained 
Discharge to 
Groundwater 

Not Retained 

Discharge to Surface 
Water  

Retained 

Removal/Treatment/
Disposal 

Disposal 

Discharge to POTW Retained 
*In support of barrier technology if needed. 
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3.1.2.3 Containment 
Containment is a remedial technology capable of providing isolation of NAPL and 
contaminated groundwater from uncontaminated groundwater and the Hudson River. 
Containment technologies include vertical barriers such as sheet piling and slurry walls in 
order to form a barrier to contaminant migration. It may be necessary to provide 
groundwater and/or NAPL removal behind the barrier to prevent excess mounding and 
the potential spread of impacted groundwater or NAPL around the barrier.  

3.1.2.3.1 Sheet Piling 
Description: Sheet piling driven into the soil can be used as a barrier to limit the 
migration of contaminants via groundwater. This technique could also be extended 
whereby the soil within the enclosure is dewatered and soil remedial activities could 
proceed in a “dry” state. Steel or heavy gauge PVC sheet piling cutoffs require very little 
maintenance. Sheet piling should not be considered for use in very rocky soils. Recent 
advances in jointing technology have made sheet piling relatively resistance to leakage.  

Initial Screening: Sheet piling can be used in any hydraulic condition (such as low or 
high groundwater movements). Sheet piling is feasible when it can be keyed into a low 
permeability bottom layer, which is evident on-site at approximately 40 to 60 feet below 
ground surface (bgs). This process option is retained for both the ACOE property and NG 
property. 

3.1.2.3.2 Slurry Walls 
Description: Slurry walls are a common subsurface barrier because they are a relatively 
inexpensive means of reducing groundwater flow in unconsolidated earth materials. 
Slurry walls are constructed in a vertical trench that is excavated under a slurry. This 
slurry, usually a mixture of bentonite and water, acts essentially like a drilling fluid. It 
hydraulically shores the trench to prevent collapse, and at the same time, forms a filter 
cake on the trench walls to prevent high fluid losses into the surrounding ground. In some 
cases soil or cement are added to the bentonite slurry to form a soil-bentonite or cement-
bentonite slurry wall.  

Initial Screening: Slurry walls are typically used when they can be "keyed" into a 
confining clay or bedrock layer and the groundwater does not move rapidly. The depth to 
the bedrock layer appears to be approximately 40 to 60 bgs. This is within the reach of 
modern excavating equipment. However, slurry wall installation generates significant 
spoils that must be managed and is also difficult to implement adjacent to a tidal river 
without migration concern.  This process option is not retained. 

3.1.2.3.3 Grouting 
Grouting is typically accomplished by drilling a grout tool down to a given depth and 
then raising up the tool while injecting grout through the jet. The actual grouting injection 
locations may be at plan intervals close enough to ensure overlap of the known radius of 
a jet tool, or may be further apart based on the ability of the grout to penetrate 
undisturbed soils that are beyond the tool radius. This technique can be used to construct 
a full or partial vertical barrier. 

Initial Screening: Subsurface obstructions can interfere with the drilling process as can 
the presence of utilities or structures. Also, the process typically results in an excess 
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volume, and this excess material has to be managed and in most cases disposed of. 
However, the process can be an effective in controlling groundwater contaminant 
migration and may be useful where other barrier technologies cannot be used or as a 
means of connecting sections of sheet piling across obstructed areas. Therefore, jet 
grouting is retained. 

3.1.2.3.4 Hydraulic Containment 
Description: In order to prevent contaminated groundwater from migrating, hydraulic 
control via the removal of groundwater may be utilized. This technique involves the use 
of a line of extraction wells to pump out site groundwater as it flows toward the site 
boundary, thus preventing flow off-site. This water would need to be treated and 
discharged. 

Initial Screening: Hydraulic containment relies upon the creation of overlapping capture 
zones by the pumping of extraction wells to prevent flow past the wells. In aquifers with 
good yield capacity, this results in excessive amounts of groundwater generated for 
subsequent treatment and disposal. At the site, hydraulic connections of the groundwater 
with the River at the Site boundary would result in pumping river water along with 
contaminated site groundwater. This is not an effective situation for hydraulic control of 
contaminated groundwater; therefore, this process option is not retained.  

3.1.2.4 Removal 
Groundwater removal technologies involve extraction of contaminated groundwater 
combined with treatment and disposal. The design of a groundwater extraction system 
depends upon the depth of contamination and hydrogeologic factors of the aquifer. 

3.1.2.4.1 Extraction Wells 
Description: Groundwater extraction wells screened within the aquifer utilize a 
submersible pump set within the screened interval to withdraw contaminated 
groundwater. Extraction wells are effective when the aquifer characteristics are favorable 
for a constant recharge of groundwater into the well. They are an efficient way of 
delivering groundwater to a treatment system, can be utilized for aquifer remediation and 
can be used for removal in support of a vertical barrier system. 

Initial Screening: Pumping groundwater in a series of extraction wells would be effective 
at the site because of the ability of the aquifer to support recharge to the wells. Slug tests 
performed during the remedial investigation show favorable hydraulic conductivity and 
transmissivity. However, the USEPA has prepared and issued a guidance directive (EPA 
OSWER Directive 9234.2-25) that notes the technical impracticability of groundwater 
restoration via extraction, specifically in situations where NAPL is present on-site. This 
guidance is based on its evaluation of remediation activities performed at Superfund sites 
involving impacted groundwater, including the success of implemented groundwater 
extraction systems. In addition, since the Site is adjacent to the Hudson River, 
establishing a capture zone would require a very high pumping volume, and a substantial 
portion of the extracted liquids would be water from the river. Because this technology 
can be shown to be technically ineffective for restoration of groundwater to SCGs, but 
may be useful for groundwater removal in support of a barrier system, it is conditionally 
retained. 
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3.1.2.5 In-situ Treatment 
3.1.2.5.1 In-situ Funnel and Gate 
Description: Funnel and gate involves the use of a vertical barrier, such as a sheet pile or 
slurry wall, to contain the groundwater and funnel it towards an open reactive window or 
gate. Once the groundwater is directed towards the reactive window, it is then passed 
through an in-situ treatment process.  

The gate could be designed with LNAPL and DNAPL weirs that would prevent NAPL 
passage through the gate and allow collection of these materials. The groundwater 
passing through the gate would be treated with an appropriate treatment media such as 
carbon that would be monitored for clogging and exhaustion and changed out at 
necessary intervals. Tidal impacts would be mitigated to the extent necessary by the 
addition of a check valve to the discharge end of the gate. Finally, if necessary to 
augment the treatment capability of the system, an oxygen injection curtain could be 
installed immediately up-gradient of the containment wall to reduce the contaminant 
concentrations in the groundwater before it reached the treatment gate. 

Initial Screening: Funnel and gate is a relatively new technology for passive groundwater 
remediation. Since this technology combines elements of both containment and 
treatment, and it employs conventional construction technologies such as sheet pile, 
trenching, and biodegradation, this process option is retained for both the ACOE property 
and NG property.  

3.1.2.5.2 In-situ Biodegradation 
Description: Biological treatment involves the use of native microbes to degrade a variety 
of organic compounds. In-situ biodegradation promotes and accelerates natural processes 
in the undisturbed subsurface via the addition of oxygen, nutrients and other appropriate 
reagents. The applicability of a bioremediation approach is determined by the 
biodegradability of the organic constituents, and environmental factors affecting 
microbial activity.  

Initial Screening: In-situ biodegradation is a viable technology for application to 
impacted groundwater and is effective for remediation of organic constituents. Oxygen 
may be added to the groundwater via the use of oxygen releasing compound or direct 
injection of air or oxygen. In-situ biodegradation could be enhanced and the groundwater 
oxidation reduction potential could be increased by injecting oxygen into the 
groundwater. This could be done, for instance, directly up-gradient of a containment wall. 
With this process, contaminant concentrations in the groundwater could be reduced 
before the groundwater reached a treatment gate, thereby increasing the functionality of 
the gate. Therefore, this process option is retained. 
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3.1.2.5.3 In-situ Chemical Oxidation/Ozonation 
Description: This technology involves the use of a chemical reagent that is injected into 
the groundwater via use of constructed wells or driven wellpoints. The reagent breaks 
down the organic constituents into carbon dioxide and water. The amount of reagent 
needed, spacing of injection points, and the frequency of addition to achieve cleanup 
goals are dependent upon organic constituent concentrations and groundwater flow.  

Initial Screening: This treatment technology can be applied to groundwater impacted with 
organic constituents. Field pilot studies would be necessary to further refine the 
operational conditions of this technology. This process option is retained for both the 
ACOE property and NG property. 

3.1.2.5.4 In-situ Carbon Adsorption 
In-situ carbon adsorption would involve the installation of granulated activated carbon 
(GAC) in a trench or cell in a manner so as to intercept groundwater flow. Activated 
carbon selectively adsorbs constituents in hazardous wastes by a surface attraction 
phenomenon in which the organic molecules and some metals are attracted to the internal 
pores of the carbon granules. GAC can be used for the adsorption of volatile organics, 
semivolatile organics, pesticides, and herbicides in groundwater. Adsorption efficiency is 
chemical specific, depending upon the strength of the molecular attraction between 
adsorbent and adsorbate, molecular weight, electrokinetic charge, pH, and surface area. 
Once the micropore surfaces are saturated with organics, the carbon is "spent" and must 
be replaced with fresh carbon or regenerated. This would be accomplished from the 
ground surface via manholes. 

Initial Screening: Granular activated carbon adsorption is a highly developed organic 
removal technology. Filters may be required in conjunction with the GAC in order to 
remove suspended solids. Activated carbon adsorption can be an effective and reliable 
means of removing organic constituents, although in-situ carbon adsorption as a 
remediation method is not well documented. In-situ carbon adsorption is retained as a 
process option for both the ACOE property and NG property.  

3.1.2.6 Ex-Situ Treatment 
This class of remedial technologies would be applied to groundwater that has been 
removed from the aquifer. Due to the hydraulic conditions at the Site (i.e., proximity to 
Hudson River), hydraulic containment and groundwater pump and treat alternatives are 
not viable; however, groundwater removal as a supporting component of barrier wall 
containment and/or during dewatering of deep excavations may be required.  Therefore, 
potential treatment technologies are identified in this section. Treatment technologies are 
used to change the physical or chemical state of a constituent or destroy the constituent 
completely to reduce volume, toxicity or mobility of the constituents present in site 
groundwater prior to disposal. This category of technologies includes physical treatment, 
chemical treatment, and biological treatment. 

3.1.2.6.1 Phase Separation 
Description: Phase separation is a physical process whereby the aqueous and non-
aqueous phases (NAPL) of the extracted contaminated groundwater are separated prior to 
further treatment. For non-aqueous phase liquids of different density than water, 
specifically from the coal gas process, gravity separation in a corrugated plate oil-water 
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separator is achievable, for residues of the carbureted water gas process that are very 
close in density to water, the use of dissolved air flotation (DAF) may be required to 
obtain optimum separation. 

Initial Screening: Impacted groundwater from former MGP sites may contain separate 
non-aqueous liquid phases. Therefore, phase separation is retained. 

3.1.2.6.2 Neutralization/pH Adjustment 
Description: Neutralization is a process used to adjust the pH (acidity or alkalinity) of a 
groundwater stream to an acceptable level for discharge, usually from 6.0 to 9.0 pH units. 
The pH adjustment is also a partial neutralization process which makes the water either 
more acidic or more alkaline to enhance chemical and biochemical reactions, specifically 
removal of dissolved metals. Adjustment of pH is accomplished by addition of acid or 
caustic. 

Initial Screening: Neutralization/pH adjustment is a conventional and widely 
demonstrated means of adjusting the pH of a stream before, during and/or after chemical 
precipitation. For this reason, neutralization/pH adjustment is retained as a process 
option. 

3.1.2.6.3 Chemical Precipitation 
Description: Chemical precipitation is a process in which a chemical is added to convert 
ionic metals to an insoluble form (particles), which then are removed by settling or 
filtration. Metals can be precipitated out of solution as hydroxides, sulfides, carbonates, 
or other insoluble salts. 

Initial Screening: Limitations to be considered during design include the fact that not all 
metals have a common pH at which they precipitate. If present, chelating and complexing 
agents can interfere with the process. Chemical precipitation is used effectively in 
conventional water treatment to remove dissolved metals and may be required as 
pretreatment for processes such as carbon adsorption, UV-oxidation and biological 
treatment to prevent fouling, and also to meet discharge permit limitations. Since 
groundwater at the site contains metals, chemical precipitation is retained as a process 
option.  

3.1.2.6.4 Clarification 
Description: The primary function of clarification is to remove settleable suspended 
solids to produce a clear waste stream. The clarifier is typically equipped with a slant 
plate pack to facilitate the settling process on a continuous basis. Chemicals to enhance 
the flocculation and coagulation of precipitated solids are added to the water at this time. 
These chemicals may include polymer, lime, sodium sulfide or ferric chloride depending 
upon the optimization results obtained during jar testing groundwater. Settled solids fall 
into a hopper at the bottom of the unit for removal via a pump as 1-3% solids sludge. 

Initial Screening: Clarification, which is a sedimentation process, has been shown to be 
applicable for the removal of suspended solids from chemical precipitation processes. 
This technology can be applied following chemical precipitation and is therefore retained 
as a process option. 
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3.1.2.6.5 Filtration 
Description: Filtration is used to remove suspended and colloidal particles that are not 
easily settleable. The most common methods of filtration are media filters, such as sand 
and anthracite, or removable bags or cartridges. Fluid flow through the filter medium 
may be accomplished by gravity or by exerting pressure. 

Initial Screening: Filtration is typically used after gravity separation for additional 
removal of suspended solids prior to other treatment processes. Pretreatment by filtration 
is appropriate for membrane separation processes, ion exchange and carbon adsorption in 
order to prevent plugging or overloading of these processes. Filtration is often required to 
remove suspended solids remaining after clarification. The process is used as a 
pretreatment step for many technologies. Therefore, it is retained as a process option. 

3.1.2.6.6 Carbon Adsorption 
Description: As described above, activated carbon selectively adsorbs constituents in 
hazardous wastes by a surface attraction phenomenon in which the organic molecules and 
some metals are attracted to the internal pores of the carbon granules. Activated carbon 
can be used for the adsorption of volatile organics, semivolatile organics, pesticides, and 
herbicides in groundwater. Adsorption efficiency is chemical specific, depending upon 
the strength of the molecular attraction between adsorbent and adsorbate, molecular 
weight, electrokinetic charge, pH, and surface area. Once the micropore surfaces are 
saturated with organics, the carbon is "spent" and must be replaced with fresh carbon or 
regenerated.  

Initial Screening: Granular activated carbon adsorption is a highly developed organic 
removal technology. It is not particularly sensitive to changes in concentrations or flow 
rate, other than usage rate. Pretreatment, such as precipitation and/or filtration, may be 
required to remove metals and/or suspended solids. Activated carbon adsorption is an 
effective and reliable means of removing organic constituents and is thus retained as a 
process option. 

3.1.2.6.7 UV-Oxidation 
Description: UV-oxidation is a process which can destroy many organic contaminants in 
water. The chemical oxidants used are either hydrogen peroxide or ozone. Organic 
contaminants absorb UV (ultraviolet) light and may undergo changes in their chemical 
structures or may become more reactive with chemical oxidants. When catalyzed by 
ultraviolet light, oxidant (hydrogen peroxide or ozone) forms hydroxyl radicals. The 
hydroxyl radicals are strong chemical oxidants which react with the organic 
contaminants. If the reaction is carried to completion, organic compounds can be 
completely oxidized (broken down) to water and carbon dioxide. 

Initial Screening: The UV-chemical oxidation process has been extensively studied over 
the past several years for its applicability for the broad spectrum of concentrated aqueous 
waste, industrial effluents and groundwater containing various organic contaminants. 
This technology is retained. 
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3.1.2.6.8 Ion Exchange 
Description: Selected contaminant ions are removed from the aqueous phase by 
electrostatic exchange with relatively innocuous ions held by ion exchange resins. Ion 
exchange is commonly used for removal of metallic cations or anions and other inorganic 
anions, it is also effective for removal of cyanide. Fixed bed and counter current vessels 
are the most widely used ion exchange systems. When the resin has no further capacity to 
exchange ions, it must be regenerated, resulting in a wastewater stream requiring further 
treatment prior to disposal. Replacement cartridges of resin may also be utilized, with 
subsequent regeneration taking place at an approved facility. 

Initial Screening: Ion exchange can effectively lower concentrations of inorganic 
constituents in the groundwater. Regeneration of spent ion exchange resin would generate 
large volumes of wastewater containing high metals concentrations and acid or caustic 
solutions. This wastewater would require further treatment prior to disposal. The ion 
exchange resin may become fouled with the organic constituents in the site groundwater 
if installed upstream of organic treatment units, resulting in inefficient operation. Its main 
purpose would be for removal of inorganics from the site groundwater, and inorganics 
have not been found to be a concern at this site with respect to surface discharge. This 
process option is not retained.  

3.1.2.6.9 Reverse Osmosis 
Description: Reverse osmosis utilizes high pressures to force water through a membrane 
resulting in selective separation of compounds from the water. A highly concentrated 
briny wastewater stream of approximately 20% of influent flow is generated requiring 
further treatment or disposal. 

Initial Screening: This type of unit operation produces water of extremely high purity. 
The membrane may be prone to fouling due to the levels of organic constituents in the 
groundwater. This process option is generally used as a final polishing step or for 
removal of specific constituents in a complex groundwater treatment system. Therefore, 
this process option is not retained.  

3.1.2.6.10 Biological Treatment 
Description: Biological treatment is a biochemical process in which organic constituents 
are broken down to simpler substances by microorganisms. Organic molecules are 
oxidized to carbon dioxide, water and other end products using molecular oxygen as the 
terminal electron acceptor. Oxygen may also be incorporated into intermediate products 
of microbial catabolism through the action of oxidizing enzymes, making them more 
susceptible to further biodegradation. The availability of oxygen and nutrients, the 
microbial population, and the retention time in the system are controlled through 
mechanical aeration, recycle rates, and supplemental chemical feed rates.  

Initial Screening: Biodegradation has been demonstrated to be effective on impacted 
groundwater. Fluidized bed reactors are effective in removing both low and high 
molecular weight organic non-chlorinated constituents. In addition, thin film bioreactors 
have proven to be effective in treating a wide range of recalcitrant contaminants. Both of 
these techniques can be implemented at temperature, pressure, and additive conditions 
that would allow ex-situ treatment of contaminants that would not generally be subject to 
in-situ bio-treatment. Thus, this process option is retained. 
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3.1.2.7 Disposal 
3.1.2.7.1 Discharge to Groundwater 
Description: Re-injection of treated groundwater is frequently used to restore the 
groundwater table of the aquifer from which the groundwater is withdrawn. This is 
feasible where hydraulic conductivity and transmissivity are high. Re-injection systems 
are used to direct contaminants to the extraction systems and to accelerate groundwater 
restoration. Potential problems involved with the use of re-injection systems include 
biological fouling, clogging, dead spots, air locks and plugging by chemical precipitation 
(particularly re-injection of aerated water into groundwater with high iron content). 

Initial Screening: This option works most effectively in undisturbed aquifers of 
homogeneous sandy/gravel units. Since the site contains areas of fill and has been 
disturbed over many years of development, and since reinjection could serve to increase 
the mobility of subsurface contaminants, this process option is not retained.  

3.1.2.7.2 Discharge to Surface Water 
Description: Treated groundwater is discharged into a nearby surface body of water, in 
this case, the Hudson River.  

Initial Screening: Waterbodies located adjacent to the site are available for surface water 
discharge of treated groundwater. The requirements of the New York SPDES discharge 
to surface water permit must be met. This option is readily implemented and is therefore 
retained as a process option. 

3.1.2.7.3 Discharge to POTW 
Description: Contaminated groundwater extracted from the site is conveyed to an off-site 
treatment facility for treatment and disposal. Publicly owned treatment works (POTW) 
are considered for evaluation as an off-site treatment option. 

Initial Screening: Untreated or partially treated groundwater extracted from the site 
would be discharged to the sanitary sewer for additional treatment and discharge by the 
POTW. The local POTW may accept groundwater if it is in compliance with all 
applicable permit and pretreatment regulations and this process option will be retained for 
evaluation. 

3.2 Selection of Process Options 
Process options are evaluated on the basis of overall remedial effectiveness, technical 
implementability, and cost relative to site-specific conditions, contaminant types, and 
contaminant concentrations. 

Process option effectiveness focuses on: 1) ability to process the estimated quantities of 
material and to meet contaminant reduction goals; 2) effectiveness of protecting human 
health and the environment during the construction and implementation phases; and 3) 
reliability of the technology with respect to contaminants and site conditions. 

Implementability refers to how easy it will be to employ the process option based on site 
and contaminant characteristics. 

The cost evaluation is preliminary and relies upon engineering judgment and vendor-
provided information to generate a relative cost of process options within a technology 
type. 
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The initially screened and accepted soil and groundwater process options are evaluated 
qualitatively, based on effectiveness, implementability, and cost as described above. 
Comparisons are made within each technology type by assessing the effectiveness, 
implementability and cost of each process option as low, moderate, or high relative to 
other process options within the technology type. When significant variations between 
process options within a technology type do not exist, a moderate rating was assigned. 
Based on this evaluation, specific process options were selected for development of 
media-specific remedial alternatives. Process options that are not selected are still 
technically feasible and may be substituted for the selected process option during 
remedial design. The results of the process option evaluation and selection are 
summarized in Tables 3-3 and 3-4 for soil and groundwater, respectively. 

The soil impacts are believed to require the application of active process options within 
the selected alternatives. Therefore, a range of process options has been evaluated, 
screened and retained, and some of these have been selected for use in remedial 
alternatives. 

Based upon the site investigation findings, the contaminant concentrations in 
groundwater did not exceed proposed PRGs with exception of four substances detected 
within the ACOE property. Therefore, and based upon the outcome of meetings and 
discussions between NG and the ACOE and the NYSDEC, the minimal groundwater 
impacts are not believed to require the application of active process options, and none 
have been selected for use in remedial alternatives. Although there are a few exceedances 
of PRGs within the ACOE property boundaries, as the groundwater in this area 
discharges to the Hudson River surface water and surface water contaminant 
concentrations become extremely low. Therefore, passive groundwater remedial 
alternatives, in combination with the soil remedial options, are sufficient to address this 
medium and active process options are not required. 

3.3 Development of Alternatives 
Based on the evaluations discussed in the preceding sections, the following media-
specific remedial alternatives were developed for the Troy (Smith Ave.) site: 

Soil Alternatives 
It should be noted that non-aqueous phase soil contaminants and NAPL are both 
considered to be contaminant materials that are addressed within the soil media. 

• S-1: No Action 
• S-2: Limited Action 
• S-3: Capping 
• S-4; Source Containment and NAPL Recovery 
• S-5: Source Containment, NAPL Removal and Capping 
• S-6: Soil Removal, Source Containment, and NAPL Recovery 
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TABLE 3-3 (Sheet 1 of 2) 
SELECTION OF SOIL PROCESS OPTIONS 

 
Process Option Effectiveness Implementability Cost 

*No Action Does not meet RAOs Easily implemented Very low cost 
Limited Action    
*Deed restrictions Prevents exposure to site 

contaminants 
Easily implemented Low cost 

*Access Restrictions Prevents exposure to site 
contaminants 

Easily implemented 
(fence already in place) 

Low cost 

*Health and Safety Plan 
and Soil Management 
Plan 

Protects workers during future 
activities and manages soil. 

Easily implemented Low cost 

*Monitoring and Site 
Reviews 

Monitors site conditions Easily implemented Moderate cost 

Containment    
*Permeable Soil 
Capping 

Prevents exposure to site 
contaminants 

Implementable Low cost 

Clay Capping Prevents exposure to site 
contaminants and reduces 
contaminant migration 

Implementable Moderate cost 

*Asphalt Capping Prevents exposure to site 
contaminants and reduces 
contaminant migration 

Implementable Moderate cost 

Multi-Media Capping Prevents exposure to site 
contaminants and reduces 
contaminant migration 

Implementable Moderate cost 

*Sheet Piling Minimizes contaminant 
migration from source soils 

Implementable; 
subsurface structures 
could interfere 

Moderate cost 

*Grouting Minimizes contaminant 
migration from source soils 

Can be implemented but 
excess soil at surface 
must be managed and 
subsurface obstructions 
could interfere 

Moderate to High 
cost 

Removal    
*Excavation Effective for contaminant 

removal for subsequent 
treatment and disposal; also 
can provide access to LNAPL 
zones 

Implementable at 
shallow depths; more 
complex for deeper 
contamination 

Low to High 
cost, depending 
on required depth 

*Recovery Wells Effective for removal of 
groundwater and/or NAPL 

Implementable; 
provides easier access 
to NAPL at depth than 
excavation 

Low to Moderate 
Cost 
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TABLE 3-3 (Sheet 2 of 2) 
SELECTION OF SOIL PROCESS OPTIONS 

 
In-situ Treatment    
In-situ stabilization/ 
solidification 

Moderate effectiveness for 
MGP-related contaminants. 

Moderate to difficult to 
implement, and is 
equipment intensive.  

Moderate to high 
cost 

Ex-Situ Treatment    
*Recycling/Reuse  Effective for the reuse of 

slightly impacted site soils 
and other materials  

Easily implemented; 
several options 
available 

Low to 
moderate cost 

Stabilization/ 
Solidification 

Moderately effective for 
immobilization of free 
water, site contaminants; no 
destruction 

Easy to implement; 
must identify disposal 
location for stabilized 
contaminants 

Moderate cost 

*Thermal Desorption Effective for destruction of 
MGP-related contaminants 

Easy to implement Moderate cost 

Incineration Effective for destruction of 
site contaminants 

Easy to implement High cost 

Disposal    
*Off-site landfill Effective for final disposal 

of treated soil 
Easy to implement; 
requires 
transportation 
coordination 

Moderate cost 

*Process options that have been selected for development of remedial alternatives. Non-selected 
process options are not included in remedial alternatives, but are technically feasible and may 
be used during design as alternatives to the selected process options. 
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TABLE 3-4 (Sheet 1 of 2) 
SELECTION OF GROUNDWATER PROCESS OPTIONS 

Process Options Effectiveness Implementability Cost 
*No Action Does not meet RAOs Easily implemented Very low cost 
Limited Action 
*Use restrictions Prevents exposure to 

contaminants 
Easily implemented Low cost 

*Health and Safety Plan Protects workers during 
future activities 

Easily implemented Low cost 

*Monitoring and 5-Year 
Reviews 

Monitors site conditions; 
no active remediation 

Easily implemented Moderate cost 

Containment 
Sheet Piling Minimizes contaminant 

migration 
Implementable; 
subsurface structures 
could interfere 

Moderate cost 

Grouting Minimizes contaminant 
migration from source 
soils 

Can be implemented but 
excess soil at surface 
must be managed and 
subsurface obstructions 
could interfere 

Moderate to 
High cost 

In-situ Treatment 
In-situ Funnel and Gate Provides a mechanism 

for focused in-situ 
groundwater treatment  

Implementable, 
especially in conjunction 
with partial sheet piling 
barrier 

Low to 
Moderate cost 

In-situ Biodegradation Destructive treatment for 
GW contaminants; slow 
to achieve cleanup goals 

Moderately 
implementable, in 
conjunction with funnel 
and gate 

Low cost 

In-situ Chemical 
Oxidation/Ozonation 

Destructive treatment for 
GW contaminants; 
rapidly achieves cleanup 
goals 

Moderately 
implementable in 
conjunction with funnel 
and gate 

Moderate cost 

In-situ Carbon 
Adsorption 

Effective for removal of 
organic contaminants 
from groundwater; not a 
destructive technology 

Moderately 
implementable, 
especially in conjunction 
with funnel and gate 

Low to 
Moderate cost 



 
Troy (Smith Ave.) Site, OU1 

Final Feasibility Study Report 
 

3-26 
 

TABLE 3-4 (Sheet 2 of 2) 
SELECTION OF GROUNDWATER PROCESS OPTIONS 

 
Process Options Effectiveness Implementability Cost 

Ex Situ Treatment 
Phase Separation Effective for separating 

groundwater from NAPL
Easily implemented Low cost 

Neutralization/pH 
Adjustment 

Effective for treatment 
of certain metals and 
pretreatment for other 
processes 

Easily implemented 
within a groundwater 
treatment system 

Low cost 

Chemical Precipitation Effective for treatment 
of certain metals 

Easily implemented 
within a groundwater 
treatment system 

Low to 
moderate cost 

Clarification Effective for removal of 
sludge/solids generated 
during other treatment 
processes 

Easily implemented; 
sludge handling must be 
factored into design 

Low to 
moderate cost, 
based on solid 
load 

Filtration Effective for removal of 
solids from other 
processes or raw water 

Moderately difficult to 
implement; significant 
maintenance may be 
required; sludge 
handling required 

Moderate to 
high cost, 
depending on 
solids load 

Carbon Adsorption Effective for removal of 
contaminants and/or 
final polishing of treated 
groundwater; not a 
destructive technology 

Easily implemented 
within a groundwater 
treatment system 

Low to High 
cost, based on 
whether used 
for polishing 
or total 
treatment 

UV-Oxidation Effective for destruction 
of organics; best suited 
as a final polishing 
treatment 

Moderate to difficult to 
implement; relatively 
sophisticated treatment 
system and controls 

High cost 

Biological Treatment Effective for destruction 
of certain contaminants; 
not effective for all 
contaminants 

Easily implemented; 
various operating 
configurations possible 

Low to 
moderate cost 

Disposal 
*Discharge to Surface 
Water 

Effective for disposal of 
treated groundwater at 
very low contaminant 
concentrations 

Easily implemented; 
surface water 
immediately adjacent to 
site 

Low cost 

Discharge to POTW Effective for disposal of 
treated groundwater 

Easily implemented Low to high 
cost; based on 
POTW fees 

*Process options selected for development of remedial alternatives.  Non-selected process 
options are not included in remedial alternatives, but are technically feasible and may be used 
during design as alternatives to the selected process options. 
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Groundwater Alternatives 
Based on the analysis of soil alternatives presented in Section 4.2.2, it is likely that the 
selected soil remedy will leave residual DNAPL in the deep subsurface. As a result of 
this condition, and based on meetings and discussions between NG and the ACOE and 
the NYSDEC, active remediation alternatives for groundwater have not been selected.   

Groundwater use restrictions for on-site groundwater are practical to implement and 
enforce.  Therefore, the following groundwater alternatives were developed to meet the 
RAO of preventing exposure to groundwater exceeding Class GA standards. 

• GW-1: No Action 
• GW-2: Limited Action 

3.3.1 Ingalls Avenue Remedy 
 
The City of Troy intends to construct a boat launch at the Ingalls Avenue site in 
conjunction with the creation of a public park in the area to the south.  Preliminary design 
drawings for the boat launch were provided to NG in September 2005 by the City of Troy 
(Figure C-30).  As discussed with the City of Troy, NG will advise the City during 
construction regarding the proper handling, transport, and disposal of any purifier waste 
encountered during excavation activities.   As shown on Figure C-30, the City then plans 
to install a high density polyethylene geomembrane between the Ingalls Avenue Site and 
the property to the north.  This remedy is included as a component of all alternatives 
evaluated. 

3.4 Preliminary Screening of Alternatives 
The next stage in the feasibility evaluation typically consists of a preliminary screening 
of potential remedial alternatives based on the general criteria of effectiveness, 
implementability, and cost. The purpose of the screening step is to reduce the number of 
alternatives requiring detailed evaluation by identifying those alternatives having 
sufficient merit to undergo detailed evaluation. This is achieved by eliminating remedial 
alternatives that have significant adverse environmental or public health impacts or 
cannot be successfully implemented. Costs may be used to discriminate between 
treatment alternatives in the screening process, but not between treatment and non-
treatment alternatives. As a result of the relatively small number of feasible alternatives 
developed for the site, preliminary screening was not performed; all of the alternatives 
identified in the previous section were carried forward for detailed evaluation in Section 
4.0. 
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4.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 
This section presents a detailed description and evaluation of the remedial alternatives 
developed in Section 3.0. Section 4.1 discusses the evaluation criteria against which the 
remedial actions are analyzed. Section 4.2 presents detailed descriptions of each of the 
alternatives and the results of the analysis of each alternative with respect to each of the 
criteria. 

4.1 Description of Analysis Criteria 
The remedial alternatives developed in Section 4.1 are evaluated using the following 
seven criteria: 

1. Compliance with Standards, Criteria, and Guidance (SCGs); 
2. Overall Protection of Human Health and the Environment; 
3. Short-Term Impacts and Effectiveness; 
4. Long-Term Effectiveness and Permanence; 
5. Reduction of Toxicity, Mobility, and/or Volume; 
6. Implementability; and 
7. Cost. 

The seven criteria are described in the following sections. 
4.1.1 Compliance with SCGs (as set forth in Section 2.0 of this report) 
This criterion is used to determine how each remedial alternative complies with 
Standards, Criteria and Guidance (SCGs). Each alternative is evaluated in detail for: 

• Compliance with chemical-specific SCGs (e.g., Class GA standards); 
• Compliance with action-specific SCGs (e.g., RCRA minimum technology 

standards);  
• Compliance with location-specific SCGs (e.g., floodplains); and 
• Compliance with appropriate criteria, advisories, and guidance (i.e., "To Be 

Considered" material). 
4.1.2 Overall Protection of Human Health and the Environment 
This criterion provides an overall assessment of protection based on a composite of 
factors such as long-term and short-term effectiveness and compliance with SCGs. 
Evaluations of the overall protectiveness address: 

• How well a specific site remedial action achieves protection over time; 
• How well site risks are reduced; and 
• How well each source of contamination is eliminated, reduced, or controlled for 

each remedial alternative. 
4.1.3 Short-Term Impacts and Effectiveness 
This criterion addresses the impacts of the action during the construction and 
implementation phase until the remedial action objectives have been met. Factors 
evaluated include protection of the community during the remedial actions; protection of 
workers during the remedial actions; environmental impacts resulting from the 
implementation of the remedial actions; and the time required to achieve protection. 
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4.1.4 Long-Term Effectiveness and Permanence 
This criterion addresses the results of the remedial action in terms of the potential risk 
remaining at the site after the remedial action objectives have been met. The components 
of this criterion include the magnitude of the residual risks; the adequacy and suitability 
of controls used to manage treatment residuals or untreated wastes; and the long-term 
reliability of management controls for providing continued protection from residuals (i.e., 
the assessment of potential failure of the technical components). 
4.1.5 Reduction of Toxicity, Mobility and/or Volume  
This criterion addresses the statutory preference that treatment is used to result in the 
reduction of the total mass of toxic contaminants, the irreversible reduction in 
contaminant mobility, or the reduction of the total volume of contaminated media. 
Factors to be evaluated in this criterion include the treatment process employed; the 
amount of hazardous material destroyed or treated; the degree of reduction in toxicity, 
mobility or volume expected; and the type and quantity of treatment residuals. 
4.1.6 Implementability 
This criterion addresses the technical and administrative feasibility of implementing a 
remedial action and the availability of various services and materials required during its 
implementation. Technical feasibility factors include construction and operation 
difficulties; reliability of technology; ease of undertaking additional remedial actions; and 
the ability to monitor the effectiveness of the remedy. Administrative feasibility includes 
the ability and time required for permit approval and for activities needed to coordinate 
with other agencies. Factors employed in evaluating the availability of services and 
materials include availability of treatment, storage, and disposal services with required 
capacities; availability of equipment and specialists; and availability of prospective 
technologies for competitive bid. 
4.1.7 Cost 
The types of costs that would be addressed include: capital costs, operation and 
maintenance (O&M) costs, costs of five-year reviews (where required), present value of 
capital and O&M costs, and potential future remedial action costs. Capital costs consist 
of direct and indirect costs. Direct costs include expenditures for the equipment, labor, 
and materials necessary to install remedial actions. Indirect costs include expenditures for 
engineering, administrative, and other services required to complete the implementation 
of remedial alternatives. Annual O&M costs include auxiliary materials and energy, 
disposal of residues, purchased services, administrative costs, insurance, taxes, license 
costs, maintenance reserve and contingency funds, rehabilitation costs, and costs for 
long-term monitoring.  

This assessment evaluates the costs of the remedial actions on the basis of present worth. 
Present worth analysis allows remedial actions to be compared on the basis of a single 
cost representing an amount that, if invested in the base year and disbursed as needed, 
would be sufficient to cover all costs associated with the remedial action over its planned 
life. A required operating performance period and a discount rate are assumed to 
calculate present worth cost. A discount rate of five percent is assumed for a base 
calculation. The discount rate represents the anticipated difference between the rate of 
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investment return and inflation. The estimated costs provided for the remedial actions 
have an accuracy of -30 to +50 percent. 

4.2 Detailed Analysis of Alternatives 
The following sections present descriptions of each of the remedial alternatives and the 
results of the evaluation of the alternatives against the seven criteria defined above.  
4.2.1 Detailed Analysis of Soil Remedial Alternatives 
This section presents the evaluation of remedial alternatives for soil. As indicated 
previously, the alternatives incorporate various technologies to address soil on the ACOE 
and NG properties. 

4.2.1.1 Alternative S-1: No Action 
The No Action alternative includes no active remediation at the site. All contaminated 
soils (i.e., posing a potential threat to human health and/or the environment) would be left 
in place with no treatment or controls to prevent future exposure to contaminated media. 
Five-year reviews would be performed to assess any changes in the risk to human health 
and the environment posed by the site. This alternative is developed as a basis of 
comparison for other alternatives. 

4.2.1.1.1 Compliance with SCGs 
The No Action alternative does not comply with chemical-specific SCGs since no action 
would be taken to address PRG exceedances. Action- and location-specific SCGs are not 
triggered, since no on-site remedial activities would be performed. 

4.2.1.1.2 Overall Protection of Human Health and the Environment 
The No Action alternative would not remove, contain, or treat the contaminated media 
resulting in continued source areas. Therefore, potential risks to human health and the 
environment resulting from contaminated soil above cleanup levels would remain 
unchanged. Risks associated with the potential for direct contact of contaminated soil 
would persist. In addition, there is the continued potential for migration of contaminants. 

4.2.1.1.3 Short-Term Impacts and Effectiveness 
Under the No Action alternative there would be no short-term impacts to workers or the 
surrounding community. No construction would be required for implementation of this 
alternative. Workers conducting five-year reviews would potentially be exposed to 
contaminated soil. However, there is a Health and Safety Plan (HASP) in place for the 
NG property that requires use of personal protective equipment (PPE) to minimize the 
risks of direct contact. This alternative would not result in any short-term improvement 
over current conditions. As no design or construction activities are required for this 
alternative, it would take no time to implement. 

4.2.1.1.4 Long-Term Effectiveness and Permanence 
The No Action alternative would have no long-term effectiveness and/or permanence. 
The magnitude of human health and ecological risks would be the same following 
implementation of this alternative. No engineering controls would be implemented to 
manage the remaining contaminated material. 
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4.2.1.1.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would not involve any containment, removal, treatment, or disposal of 
the contaminated soil. Therefore, this alternative would not provide any reduction in the 
toxicity, mobility, and/or volume of contaminants.  

4.2.1.1.6 Implementability 
There are no technical feasibility concerns with the No Action alternative. The 
effectiveness of the remedy would be evaluated in five-year reviews and implementation 
of this alternative would not preclude further remedial action in the future. However, 
future activities may require revisiting the RI/FS/ROD process. 

There are no administrative feasibility concerns with this alternative. As this alternative 
involves no construction activities, availability of resources and use of proven 
technologies is not applicable. Consulting services are readily available for five-year 
reviews. Coordination with regulatory agencies would be required for making decisions 
regarding any future remedial alternatives. However, there are no concerns with the 
ability or time required to interact with regulatory agencies. 

4.2.1.1.7 Cost 
There is no capital cost or annual O&M cost for the No Action alternative. Small periodic 
costs associated with site reviews (e.g., five-year reviews) to assess current conditions 
may be incurred. The net present value of five-year reviews for a 30-year period is 
estimated at $56,000. See Appendix B for details. 

4.2.1.2 Alternative S-2: Limited Action 
The Limited Action alternative includes no active remediation at the site. All 
contaminated soils (i.e., posing a potential threat to human health and/or the 
environment) would be left in place with no treatment and limited controls to prevent 
future exposure to contaminated media. Under this alternative, deed restrictions would be 
implemented to restrict future use of the site to commercial/industrial. Access restrictions 
and signs (as necessary) would be put in place. Fencing may also be included in this 
alternative.  A HASP and Soil Management Plan would be developed and implemented 
to describe (for example) adequate control measures and PPE/monitoring to be 
implemented during intrusive activities.  Five-year reviews would also be performed to 
assess changes in the potential risk to human health and the environment posed by the 
Site.  

4.2.1.2.1 Compliance with SCGs 
The Institutional Controls alternative does not comply with chemical-specific SCGs since 
no action would be taken to address PRG exceedances. Action- and location-specific 
SCGs are not triggered, since no on-site remedial activities would be performed. 

4.2.1.2.2 Overall Protection of Human Health and the Environment 
The Institutional Controls alternative would not remove, contain, or treat the 
contaminated media resulting in continued source areas. Risks to human health resulting 
from contaminated soil above cleanup levels would be mitigated by institutional controls; 
deed restrictions and proper implementation of the HASP and Soil Management Plan 
would help mitigate risks. Fencing and signs would also help mitigate potential risks 
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associated with direct contact exposure. However, there is the continued potential for 
migration of contaminants. 

4.2.1.2.3 Short-Term Impacts and Effectiveness 
Under the Limited Action alternative there would be no short-term impacts to workers or 
the surrounding community. Minimal construction would be required for implementation 
of this alternative. Through development and implementation of a HASP, direct contact 
risks would be minimized; use of PPE would be required during intrusive activities. The 
Soil Management Plan would help to mitigate risks.  The time required to implement this 
alternative would be approximately six months. 

4.2.1.2.4 Long-Term Effectiveness and Permanence 
Potential human health risks would be reduced by institutional controls following 
implementation of this alternative. Limited controls would be implemented to manage the 
remaining contaminated material, consisting of fencing, restricting future use to 
commercial/industrial, and prohibiting the use of groundwater at the site. These controls 
would be effective at mitigating risks, though there is the potential for violation of these 
controls. Risks at the Site would be re-evaluated every five years. 

4.2.1.2.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would not involve any containment, removal, treatment, or disposal of 
the contaminated soil. Therefore, this alternative would not provide any reduction in the 
toxicity, mobility, and/or volume of contaminants.  

4.2.1.2.6 Implementability 
There are no technical feasibility concerns with the Institutional Controls alternative for 
soil. The effectiveness of the remedy would be evaluated in five-year reviews.  As this 
alternative involves limited construction activities, availability of resources and use of 
proven technologies is not a concern. Consulting services are readily available for 
negotiation and implementation of deed restrictions and HASP and Soil Management 
Plan.  Services are also available for conducting five-year reviews.  

4.2.1.2.7 Cost 
The capital cost associated with negotiation and implementation of the required 
institutional controls is $18,000. O&M cost to maintain this alternative is estimated to be 
$20,000 per year, for 5-year reviews. The net present cost of the alternative, based on a 
30-year period of performance and a 5% discount rate is $74,000. See Appendix B for 
details. 

4.2.1.3 Alternative S-3: Capping 
The Capping alternative would include the construction of a cap as displayed on Figure 
4-1.  Surface soil sampling conducted during the remedial investigation and the 
supplemental remedial investigation detected PAHs in concentrations exceeding PRGs or 
background, on the ACOE property, in concentrations ranging from 0.058 ppm for 
dibenz(a,h)anthracene to 13 ppm for chrysene.  The purpose of capping would be to 
prevent potential exposure to the contaminated soil on the ACOE property.   

The nature of the cap (i.e., materials of construction) could vary depending on current 
conditions and upon the data obtained during the Pre-Design Investigation and planned 
future uses; for the purposes of this evaluation, the cap is assumed to be a soil cap.  Areas 
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on the ACOE property to be capped (with a soil cap) under this alternative would first be 
covered with a geotextile or similar barrier that would serve as a warning layer should the 
overlying cap be breached.   

For the purposes of the FS, it was assumed the total area to be capped with geotextile and 
soil is approximately 29,400 sf.  Also included in this alternative are institutional 
controls, consisting of deed restrictions, development and implementation of a HASP, 
and development and implementation of a cap area management plan which would be 
included within the Soil Management Plan. Five-year reviews would also be performed 
to assess any changes in the risk to human health and the environment posed by the Site. 

4.2.1.3.1 Compliance with SCGs 
The Capping alternative does not comply with chemical-specific SCGs, since PRG 
exceedances would remain under the cap. Capping of contaminated soil would be 
performed in accordance with all applicable action and location-specific SCGs.  

4.2.1.3.2 Overall Protection of Human Health and the Environment 
The Capping alternative would not remove or treat contaminated media; source areas 
would remain. However, the potential risks to human health and the environment 
resulting from the presence of contaminants at concentrations above cleanup levels would 
be reduced by capping.  Implementation of a cap over contaminated soil would reduce 
the potential risks of migration above the water table and direct contact. Deed restrictions 
in conjunction with the development and implementation of a HASP would help mitigate 
risks. Development and implementation of a cap area management plan would also help 
to mitigate risks. 
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FIGURE 4-1 
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4.2.1.3.3 Short-Term Impacts and Effectiveness 
This alternative would involve an on-site construction effort to construct a cap over the 
Site. There would be risks typically associated with construction activities, including 
movement of heavy equipment across an active facility.  These risks would be addressed 
by developing and implementing a HASP to provide protection for on-site workers. In 
addition, appropriate engineering controls (i.e., controlling access, etc.) would be needed. 
The timeframe required for implementation of this alternative is approximately 2 months.  

4.2.1.3.4 Long-Term Effectiveness and Permanence 
The Capping alternative would be effective over the long-term. Limited controls would 
be implemented to manage the remaining contaminated material, consisting of restricting 
future use to commercial/industrial and prohibiting the use of groundwater at the site. The 
long-term effectiveness of the Capping alternative is dependent on proper construction 
and maintenance of the capped areas and implementation of a cap area management plan. 
The site remedy would be re-evaluated every five years. 

4.2.1.3.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would not provide any reduction in the toxicity or volume of 
contaminants. However, it would provide some reduction in mobility. 

4.2.1.3.6 Implementability 
There are no major technical feasibility concerns with the Capping alternative. Capping is 
a widely used remedial technology and well developed. Soil caps can be constructed over 
the designated areas with minimal or no disturbance of contaminated subsurface soil. 
Future subsurface actions, if necessary, would require disturbing the cap; however, they 
could easily be implemented and disturbed portions of the cap repaired/replaced, as 
necessary in accordance with a cap area management plan.  

Equipment, labor, and materials are readily available for cap construction. Consulting 
services are readily available for negotiation and implementation of deed restrictions, the 
HASP and the soil management plan. Services are also available for conducting five-year 
reviews and performing cap maintenance activities. Coordination with local authorities 
would be required to establish an acceptable transportation plan for transportation of 
material to the site. Coordination with regulatory agencies would also be required for 
five-year reviews.  However, there are no concerns with the ability or time required to 
interact with local and regulatory agencies.  

4.2.1.3.7 Cost 
The estimated capital cost associated with construction of the cap and implementation of 
the required institutional controls is $317,000. Note that this cost is based on a soil cap on 
the ACOE property.  If a multi-media cap were to be used in any area, the costs would 
gradually increase.  O&M cost to maintain this alternative is estimated to be $8,000 per 
year. The net present value for O&M costs including five-year reviews is $173,000. The 
net present cost of the alternative, based on a 30-year period of performance and a 5% 
discount rate is $490,000. 
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4.2.1.4 Alternative S-4: Source Containment and NAPL Recovery 
Alternative S-4 would include the construction of a containment wall with upland wing 
walls between the Hudson River and source areas, NAPL recovery wells, capping and 
institutional controls.  Alternatively, the containment wall could be fully enclosed (four 
sides).  The final design would require completion of a pre-design investigation and 
detailed groundwater modeling, and therefore would be determined during the remedial 
design phase of the project.  The containment wall technology for this analysis is 
assumed to use a vertical sheet pile barrier to prevent NAPL migration, but could include 
grouted barrier sections in locations where these were found to be more cost effective 
than sheeting or were necessary to interface with existing features such as ACOE 
facilities.  

Capping on the ACOE property would be performed as described in Alternative S-3 and 
would serve to prevent potential exposure to contaminated surface soil and to reduce 
infiltration of precipitation to groundwater, thereby reducing (if necessary) groundwater 
mounding behind the containment wall.  In addition, under this alternative the unpaved 
portion of the NG property is assumed to be capped with asphalt to reduce infiltration of 
precipitation to groundwater.     

Five NAPL recovery wells are assumed to provide a means of monitoring and removing 
NAPL that accumulates behind the barrier. Excess groundwater would mound up slightly 
behind the barrier and would then bypass the wings and discharge to surface water.  The 
results of sampling conducted at the Site suggest that groundwater discharge to the high-
volume surface water flow of the Hudson River would likely not result in risk to human 
health or the environment, given the low concentrations of dissolved site-related 
contaminants in groundwater.   

The containment walls would be installed in three areas including the bulkhead, lock, and 
cutoff areas. The bulkhead containment wall would be installed to a maximum depth of 
approximately 45 feet bgs in order to key into the existing low permeability bottom layer. 
This containment wall would run for approximately 350 feet. The lock containment wall 
would key-in at a depth of approximately 55 feet bgs and would extend for approximately 
100 feet. The south wing containment wall is designated as a cutoff of source areas and 
will extend for approximately 100 feet. It will be keyed-in at a depth of approximately 54 
feet bgs.  A fourth containment wall, if installed, would extend south from the eastern end 
of the lock containment wall to the eastern end of the south wing containment wall.  
Figure 4-2 shows the impact areas and proposed containment walls. In an effort to avoid 
conflict with the existing facilities and to find beneficial solutions, the containment wall 
planning effort would be carefully interfaced with ACOE plans and with their efforts to 
upgrade their facility. For instance, if the ACOE plans to renovate or replace their sheet 
pile bulkhead in the near future, this may represent an opportunity to coordinate with 
them to plan an installation that would serve as both bulkhead and containment barrier. A 
HASP would be developed to supplement the soil management plan and for the 
installation work. A containment area management plan would be developed to provide 
long-term operating and maintenance security. Five-year reviews would also be 
performed to assess changes in the potential risk to human health and the environment 
posed by the site.  
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FIGURE 4-2 
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The actual details for the containment wall (e.g., three or four walls, the length of the 
wing walls and depth) and the cap would be determined during the remedial design 
phase, and a pre-design investigation and planning would be required to obtain 
information necessary to support the design.  The pre-design investigation would include 
completion of additional borings as part of a geotechnical investigation, as well as 
hydraulic modeling of the groundwater.   

Pre-design efforts would be required to address containment effectiveness, hydraulic 
considerations, driving depth, obstructions, vibration impacts, etc.  

4.2.1.4.1 Compliance with SCGs 
The Containment alternative does not comply with chemical-specific SCGs, since PRG 
exceedances would remain on the upgradient side of the containment wall. Installation of 
the containment wall would be performed in accordance with all applicable action and 
location-specific SCGs. 
 
4.2.1.4.2 Overall Protection of Human Health and the Environment 
The Containment alternative would not remove or treat contaminated media and source 
areas would remain, although NAPL would be monitored and removed behind the 
containment barrier. Potential direct contact risks to human health from soil above 
cleanup levels would be mitigated by the cap and institutional controls.  The risk 
associated with potential migration of NAPL would be addressed by the containment 
wall.  Deed restrictions in conjunction with the development and implementation of a 
HASP and management plans would mitigate remaining risks.  

4.2.1.4.3 Short-Term Impacts and Effectiveness 
This alternative would involve a substantial on-site construction effort to construct a 
containment wall between the Hudson River and source areas, and to construct the cap. 
The containment wall would be installed primarily outboard of the existing bulkhead to 
minimize potential NAPL migration during installation.  There would be a moderate risk 
of exposure to contaminants that may be mobilized during these activities and this risk 
would be addressed by the development and implementation of a HASP to provide 
protection for on-site workers. In addition, appropriate engineering controls (i.e., water 
sprays, air monitoring, etc.) would be used as needed to mitigate the possibility of 
fugitive dust, etc. Risks associated with cap construction would be as described in 
Alternative S-3.  The timeframe required for implementation of this alternative is 
approximately 10 months. 

4.2.1.4.4 Long-Term Effectiveness and Permanence 
The Containment alternative would have significant long-term effectiveness. The 
magnitude of potential human health and ecological risks would be mitigated by: 1)  
preventing NAPL migration into the Hudson River and removing NAPL from behind the 
containment barrier; and 2) capping surface soils to prevent direct contact and potentially 
limit surface water infiltration. Limited controls would also be implemented consisting of 
restricting future use to commercial/industrial, prohibiting the use of groundwater at the 
site, and implementing a containment area management plan. The long-term effectiveness 
of the containment alternative is strongly dependent on proper construction of the 
containment wall and construction/maintenance of the cap. In addition, the maintenance 
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of institutional controls would be important. The site remedy would be re-evaluated every 
five years. 

4.2.1.4.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would reduce the mobility, toxicity and/or volume of contaminants by 
containing and removing NAPL. 

4.2.1.4.6 Implementability 
The technical feasibility concerns with the containment wall would be with regard to the 
sheet pile embedment depth and in-situ obstructions. Both of these concerns are expected 
to be mitigated by current sheet pile technology and by the use of support equipment to 
deal with obstructions as encountered. In addition, using grouting methods in select 
portions of the containment wall alignment could be a useful means of supplementing 
key-in, and providing wall continuity where obstructions exist or where interfacing with 
the ACOE bulkhead or other facilities is difficult. The existing low permeability bottom 
layer is encountered at depths up to 60 feet bgs. Although technically feasible, these 
depths require a significant effort to ensure effective installation.   Pre-design efforts 
would be required to address containment effectiveness, hydraulic considerations, driving 
depth, obstructions, vibration impacts, etc. as is the case with any sheet pile installation 
project. The effectiveness of the remedy would be evaluated in five-year reviews.  

Implementability issues associated with capping were discussed in Alternative S-3.  
Containment walls are a proven technology at sites with similar contamination. Sheet 
piling is a conventional means of constructing such walls. Vendors, equipment, and 
materials are readily available for construction of a containment wall. Consulting services 
are also available for specialized design support. Coordination with regulatory agencies 
would be required. 

4.2.1.4.7 Cost 
The capital cost associated with construction of the containment  (three walled), cap, and 
implementation of the required institutional controls is $2,357,000. The capital cost of 
this alternative is approximately $3,457,425 for a fully enclosed containment, a cap, and 
institutional controls. O&M cost to maintain this alternative is estimated to be $28,000 
per year. The net present value for O&M costs including five-year reviews is $488,000. 
The net present cost of the alternative, based on a 30-year period of performance and a 
5% discount rate is $2,845,000 if the containment is three walled, and $3,945,425 if the 
containment is fully enclosed. 

4.2.1.5 Alternative S-5: Source Containment, NAPL Removal, and Capping 
Alternative S-5 includes removal of the contents of a former gas holder structure located 
in the ACOE property (and a portion of the NG property), installation of a river front 
containment wall with upland wings to contain NAPL, removal of NAPL with the use of 
the NAPL recovery wells, capping to prevent exposure to contaminated soil exceeding 
PRGs and to reduce (if necessary) infiltration of precipitation to groundwater, and 
institutional controls.  Periodic monitoring of the NAPL recovery wells would also 
include monitoring of MW-4A for LNAPL. 
The estimated total volume of contaminated material to be removed from the holder is 
approximately 3,500 cubic yards (yd3). Cross sections that display the site topography 
and existing features in relation to the holder structures are provided in Section 1.0 of this  
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FIGURE 4-3 
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report.  Excavation of source material in the holder structure might require earth support 
in the form of shoring or bracing. Any water removed during excavation would be 
collected and would need to be sampled and analyzed for treatment/disposal.  Options for 
excavated material management would include stabilization for moisture content (if 
necessary), offsite transport, and offsite disposal to a non-hazardous landfill or a thermal 
desorption facility. Any hazardous materials that were encountered would be managed in 
accordance with the appropriate protocols for these materials. 
The containment barrier and cap would be implemented as described in alternatives S-3 
and S-4. 

4.2.1.5.1 Compliance with SCGs 
This alternative would not comply with chemical-specific SCGs, as PRG exceedances 
would remain. Excavation with off-site treatment and/or disposal of the holder contents 
would be performed in accordance with all applicable action- and location-specific SCGs. 
Installation of the containment wall would also be performed in accordance with all 
applicable action- and location-specific SCGs.    

4.2.1.5.2 Overall Protection of Human Health and the Environment 
This alternative would provide significant mitigation of the site sources and would 
greatly reduce the risk associated with these sources. Therefore, on-site risks to human 
health and the environment resulting from contaminated soil above cleanup levels would 
be greatly reduced. The removal of source materials followed by backfilling and 
restoration and installation of the barrier wall and cap would address the risk of direct 
contact by future workers and potential migration from this area to the river. The 
presence of the planned containment wall would prevent NAPL migration to the river. 
Deed restrictions and proper implementation of the HASP and other plans would mitigate 
the remaining risks. Risks to human health and the environment at the off-site disposal 
facility are anticipated to be minimal, as the facility would be constructed and operated to 
prevent exposure to contaminants via direct contact and migration. 

4.2.1.5.3 Short-Term Impacts and Effectiveness 
This alternative would involve on-site construction to remove quantities of contaminated 
material. In addition, this alternative would include transportation of this contaminated 
material through off-site (residential) areas. There would be a moderate risk of exposure 
to contaminants that may be mobilized during these activities. This would be minimized 
by developing and implementing a HASP to provide protection for on-site workers. In 
addition, appropriate engineering controls consisting of water sprays, foam application, 
sheeting lay-down, etc. would be provided in the form of as-needed contingencies to 
mitigate the possibility of odors and fugitive dust, etc. Off-site transportation would be 
performed in strict accordance with transportation plans to minimize impacts to 
neighborhoods through which contaminated soil will be transported. The short-term 
effectiveness and impacts associated with the containment wall and cap would be as 
described previously.  The timeframe required for implementation of this alternative is 
approximately 12 months. 

4.2.1.5.4 Long-Term Effectiveness and Permanence 
The alternative would have significant long-term effectiveness and permanence in the 
source areas. This alternative represents a substantial remedy within these source areas. 



 
Troy (Smith Ave.) Site, OU1 

Final Feasibility Study Report 
 

4-15 
 

As a result of the removal of source material, capping, ongoing control of in-situ NAPL 
by the containment wall, and the collection and removal of NAPL behind that wall, 
natural processes may eventually reduce the contaminant levels to below the cleanup 
levels outside these source areas; the timeframe for this to occur will be long (though 
shorter than if source areas had remained). The magnitude of human health and 
ecological risks would be significantly reduced in the source areas following 
implementation of this alternative. Limited controls would be implemented to manage the 
remaining contaminated material, consisting of restricting future use to 
commercial/industrial and prohibiting the use of groundwater at the site.  

4.2.1.5.5 Reduction of Toxicity, Mobility, and/or Volume  
 This alternative would reduce the mobility, toxicity and volume of contaminants by 
containing and removing NAPL. It would also provide a reduction in mobility both via 
removal of the holder contents, capping, and barrier wall containment. 

4.2.1.5.6 Implementability 
Excavation with off-site disposal, with or without pre-treatment, is a widely used 
treatment technology and well developed. NAPL removal with recovery wells is a 
standard technology, and capping and containment, as planned herein, are standard 
technologies. 

Equipment, labor, and materials are readily available for excavation, transportation, and 
backfill. Multiple facilities may need to be identified for both treatment of excavated soil 
and provision of backfill material. However, there should be no concern with identifying 
suitable facilities. Consulting services are readily available for negotiation and 
implementation of deed restrictions and the HASP. Coordination with local authorities 
would be required to establish an acceptable transportation plan for transportation of 
contaminated soil from the site. Coordination with regulatory agencies would also be 
required for making decisions regarding any future remedial alternatives. However, there 
are no concerns with the ability or time required to interact with local and regulatory 
agencies.  

4.2.1.5.7 Cost 
The capital cost of this alternative is approximately $3,610,000 for a three-walled 
containment to approximately $4,711,000 for a fully enclosed containment.  The annual 
O&M cost is estimated to be $28,000.  The net present value for O&M costs including 
five-year reviews is $488,000. The net present cost of the alternative, based on a 30-year 
period of performance and a 5% discount rate is $4,098,000 if the containment is three 
walled, and $5,199,275 if the containment is fully enclosed. 

4.2.1.6 Alternative S-6: Soil Removal, Source Containment and NAPL Recovery 
This alternative includes removal of soils above PRGs, (including the holder contents, 
structure and NAPL impacted soil) down to the water table, a containment wall, NAPL 
recovery wells and institutional controls.  Contaminated soils would be excavated for off-
site treatment and/or disposal. The estimated volume of contaminated soil to be removed 
to address soil and NAPL impacts is 17,500 yd3.  The area identified for excavation is 
shown on Figure 4-4, and includes the material remaining in the former small gas holder, 
contaminated soil in the vicinity of holder, the western portion of the ACOE property 
along the bulkhead, and NG property immediately south of the ACOE property.  The 
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average depth to water in the proposed area to be excavated is 16 feet bgs.  This 
alternative would also include monitoring of MW-4A for LNAPL. 
Site topography slopes downward towards the river on ACOE property, therefore there 
are three different excavation depths estimated.  Each of the excavations would require 
shoring and/or sheet piling to stabilize the excavations due to depth. Under this 
alternative, it is assumed that NAPL encountered during excavation would be disposed 
off-site with contaminated soil. In addition, it is assumed that odor control measures 
would be implemented as-needed during the removal activity.  
The excavated soil could be amended as-needed for moisture content and, if suitable from 
a contaminant concentration standpoint, could be re-used as fill onsite. Alternately, the 
soil could be staged and transported to a non-hazardous landfill or to a thermal de-
sorption facility for disposal. During remedial design, as with the other alternatives, the 
market conditions should be evaluated to assess the cost-effectiveness of these various 
soil management methods.   Any hazardous materials encountered would be managed in 
accordance with the appropriate protocols for these materials. 

The containment wall and institutional controls will be implemented as discussed in 
Alternative S-4. 

4.2.1.6.1 Compliance with SCGs 
This alternative does not comply with chemical-specific SCGs since contaminated soil 
would remain on site below the water table.  Excavation with off-site treatment and/or 
disposal of contaminated soil would be performed in accordance with all applicable 
action- and location-specific SCGs.  Installation of the containment wall would also be 
performed in accordance with all applicable action- and location-specific SCGs.    

4.2.1.6.2 Overall Protection of Human Health and the Environment 
The soil removal to PRGs down to the water table alternative would remove and 
potentially treat the contaminated media above the water table. Therefore, on-site risks to 
human health and the environment resulting from contaminated soil above cleanup levels 
would be reduced.  

4.2.1.6.3 Short-Term Impacts and Effectiveness 
This alternative would involve a substantial on-site construction effort to remove large 
quantities of soil. In addition, this alternative would include transportation of this 
contaminated material through off-site (residential) areas. There would be a significant 
transportation risk in addition to risk of exposure to contaminants that may be mobilized 
during these activities. This would be minimized by developing and implementing a 
HASP to provide protection for on-site workers. In addition, appropriate engineering 
controls (i.e., water sprays, excavation in an enclosed structure, etc.) may be necessary to 
mitigate the possibility of fugitive dust, etc. Off-site transportation would be performed in 
strict accordance with transportation plans to minimize impacts to neighborhoods through 
which contaminated soil will be transported. Short-term impacts associated with the  
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FIGURE 4-4 
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barrier wall would be as discussed in Alternative S-4.  The timeframe required for 
implementation of this alternative is approximately 18 months. 
4.2.1.6.4 Long-Term Effectiveness and Permanence 
The soil removal to PRGs down to water table alternative would have significant long-
term effectiveness and/or permanence in conjunction with containment and NAPL 
removal; this alternative represents a substantial remedy. The magnitude of human health 
and ecological risks would be significantly reduced across the site following 
implementation of this alternative.  
4.2.1.6.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would provide reduction in the volume of contaminants. Containment 
would provide reduction in the mobility of remaining contaminants. Offsite treatment of 
the excavated materials would substantially reduce the toxicity of the majority of 
contaminants by destruction. In addition, there would be a reduction in the volume of 
contaminants remaining at the site following remedy implementation. 
4.2.1.6.6 Implementability 
The soil removal to PRGs down to water table alternative is an alternative requiring a 
very high level of effort, planning and acceptance of short-term risk. Excavation with off-
site disposal, with or without pre-treatment, is a widely used treatment technology and 
well developed. However, at this site area, due to the excavation depth that would be 
required, and due to the proximity to the Hudson River and to ACOE facilities, the 
implementation difficulty would be high.  The design of the existing bulkhead (e.g., 
tiebacks, cribbing, etc.) and the lack of information regarding its design may pose 
difficulties during excavation along the bulkhead.  Extensive planning, design, and risk 
mitigation efforts would be required to complete this alternative, and even with a great 
deal of care, there would be significant short-term construction risks that would require 
significant management. There would be worker safety risks, risks of damage to 
equipment, risk of damage to ACOE facilities, risks of contaminant release during the 
work, and risk due to seasonal storm events. 

Implementability issues associated with the containment wall would be as discussed 
previously.  Equipment, labor, and materials are readily available for excavation, 
transportation, and backfill. Multiple facilities may need to be identified for both 
treatment of excavated soil and provision of backfill material due to the anticipated 
quantities. Consulting services are readily available for conducting five-year reviews. 
Coordination with local authorities would be required to establish an acceptable 
transportation plan for transportation of contaminated soil from the site. Coordination 
with regulatory agencies would also be required for five-year reviews. However, there are 
no concerns with the ability or time required to interact with local and regulatory 
agencies.  

4.2.1.6.7 Cost 
The capital cost of implementing this alternative with a three-walled is $7,930,000. The 
capital cost of implementing this alternative with a fully-enclosed containment wall is 
$9,029,000.  The annual O&M is estimated to be $25,000. The net present cost of the 
alternative, based on a 30-year period of performance and a 5% discount rate is 
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$8,727,000 if the containment is three walled, and $9,466,000 if the containment is fully 
enclosed. 
4.2.2 Detailed Analysis of Groundwater Remedial Alternatives 
This section presents the evaluation of remedial alternatives for groundwater 
contamination present under the NG Property and ACOE Property. 

4.2.2.1 Alternative GW-1: No Action 
The No Action alternative includes no active remediation at the site. Contaminated 
groundwater would be left in place with no treatment or controls to prevent future 
exposure to contaminated media or further contaminant migration. However, five-year 
reviews would be performed to assess changes in the risk to human health and the 
environment posed by the Site. 

4.2.2.1.1 Compliance with SCGs 
The No Action alternative for groundwater does not comply with SCGs. Groundwater 
currently exceeds Class GA standards on-site. Groundwater would continue to exceed 
these criteria for an extended period of time until natural processes reduce the 
contaminant levels to below relevant criteria. Location- and action-specific SCGs would 
not be triggered, since no remedial activities would be performed. 

4.2.2.1.2 Overall Protection of Human Health and the Environment 
This alternative would not include removal, on-site containment, or treatment of 
contaminated groundwater. It would not provide adequate protection of human health 
since there would be no action to mitigate potential exposure pathways. Although 
groundwater is not used at the NG or ACOE Properties, there are no current restrictions 
on groundwater usage for the NG or ACOE properties. 

4.2.2.1.3 Short-Term Impacts and Effectiveness 
Under the No Action alternative there would be no short-term impacts to workers or the 
surrounding community. No construction would be required for implementation of this 
alternative. This alternative would not result in any short-term improvements over current 
conditions.  

4.2.2.1.4 Long-Term Effectiveness and Permanence 
Although naturally occurring processes may provide some reduction in risks in the long-
term, an indefinite timeframe would be required for contaminated groundwater to 
attenuate to acceptable levels. No controls would be implemented to manage the 
remaining contaminated groundwater. The only source of controls at the site would be 
five-year reviews which would simply evaluate risks every five years. 

4.2.2.1.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would not involve any containment, removal, treatment, or disposal of 
the contaminated groundwater. Therefore, this alternative would not result in any 
immediate reduction in the toxicity, mobility, or volume of contaminants. Over time, 
through natural processes, contaminant concentrations in the groundwater may eventually 
decline to be in compliance with Class GA standards resulting in a reduction in toxicity 
of the contaminated groundwater and/or a reduction in the dissolved phase plume 
volume. 
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4.2.2.1.6 Implementability 
There are no technical feasibility concerns with the No Action alternative. The 
effectiveness of the remedy would be evaluated in five-year reviews and implementation 
of this alternative would not preclude further remedial action in the future.  

4.2.2.1.7 Cost 
There is no capital cost or annual O&M cost for the No Action alternative. Small periodic 
costs associated with site reviews (e.g., five-year reviews) to assess current conditions 
may be incurred. The net present value of five-year reviews for a 30-year period is 
estimated at $56,000. 

4.2.2.2 Alternative GW-2: Limited Action 
This alternative includes no active remediation of groundwater, but rather relies on 
institutional controls to eliminate potential exposure pathways at the site. Deed 
restrictions would be implemented to prohibit use of groundwater for potable purposes. 
In addition, a HASP would be developed and implemented at the NG Property to ensure 
use of adequate control measures and PPE during intrusive activities. A similar HASP 
would be developed and implemented for the ACOE Property. Groundwater monitoring 
and five-year reviews would also be performed to assess changes in the risk to human 
health and the environment posed by the site. 

4.2.2.2.1 Compliance with SCGs 
The Institutional Controls alternative does not immediately comply with chemical-
specific SCGs. Since no active reduction of contamination is performed, groundwater 
contaminant concentrations will continue to exceed Class GA standards for some period 
after implementation of this alternative in conjunction with the selected soil alternative. 
In conjunction with source control strategies, Class GA standards will ultimately be 
achieved at the point of compliance as a result of naturally occurring degradation 
processes.  

4.2.2.2.2 Overall Protection of Human Health and the Environment 
The Institutional Controls alternative would not remove, contain, or treat the 
contaminated groundwater. Risks associated with the potential for ingestion of 
contaminated groundwater and/or dermal contact with contaminated groundwater would 
be greatly reduced by implementation of deed restrictions. 

4.2.2.2.3 Short-Term Impacts and Effectiveness 
No construction would be involved in this alternative. This alternative would not result in 
any short-term improvement over current conditions. Contaminants would persist at the 
site until concentrations were reduced by natural attenuation processes. It is estimated 
that this alternative could be implemented in less than six months. Long-term, periodic 
monitoring until final cleanup levels have been achieved would be required. 

4.2.2.2.4 Long-Term Effectiveness and Permanence 
It is anticipated that naturally occurring processes will at some time in the future achieve 
target cleanup levels (Class GA standards) in the groundwater at the point of compliance. 
Once achieved, this remedy will be permanent as long as soil source control measures are 
permanent (or maintained) to prevent re-contamination of groundwater. Maintenance of 
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groundwater use restrictions until Class GA standards are achieved will ensure the 
protection of human health.  

4.2.2.2.5 Reduction of Mobility, Toxicity, and/or Volume 
This alternative would not involve any containment, removal, treatment, or disposal of 
the contaminated groundwater. Therefore, this alternative would not result in any 
immediate reduction in the toxicity, mobility, or volume of contaminants. Over time, 
through natural processes, contaminant concentrations in the groundwater may eventually 
decline to be in compliance with Class GA standards resulting in a reduction in toxicity 
of the contaminated groundwater and/or a reduction in the dissolved phase plume 
volume. 

4.2.2.2.6 Implementability 
There are no technical feasibility concerns with the Institutional Controls alternative for 
groundwater. The effectiveness of the remedy would be evaluated in five-year reviews. 

As this alternative involves no construction activities, availability of resources and use of 
proven technologies is not applicable. Consulting services are readily available for 
negotiation and implementation of deed restrictions. Services are also available for 
conducting five-year reviews. Coordination with regulatory agencies would be required 
for review of groundwater data and five-year reviews as well as making decisions 
regarding any future remedial alternatives. However, there are no concerns with the 
ability or time required to interact with regulatory agencies.  

4.2.2.2.7 Cost 
There is no significant capital cost for the Institutional Controls alternative. A capital cost 
of $15,000 is estimated for implementation of deed restrictions. The annual O&M cost is 
estimated to be $39,000.  The net present cost of the alternative, based on a 30-year 
period of performance and a 5% discount rate is $668,000. 
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5.0 COMPARATIVE ANALYSIS 
The following section compares the relative performance of each remedial alternative 
using the specific evaluation criteria presented in Section 4.1. Comparisons are presented 
in a qualitative manner, and identify substantive differences between the alternatives. As 
with the detailed evaluation, the following criteria are used for the comparative analysis. 

• Compliance with SCGs; 
• Overall Protection of Human Health and the Environment; 
• Short-Term Impact and Effectiveness; 
• Long-Term Effectiveness and Permanence; 
• Reduction of Toxicity, Mobility, and/or Volume; 
• Implementability; and 
• Cost 

5.1 Comparative Analysis of Soil Alternatives 
5.1.1 Compliance with SCGs 
The alternatives can all be accomplished in accordance with action- and location-specific 
SCGs. However, none of the alternatives achieve chemical-specific SCGs within a 
reasonable timeframe, since all leave varying levels of contaminated soil on site. 
Alternative S-6 removes the most contamination from the Site, and Alternative S-5 
removes the most heavily contaminated soil from the Site.  Alternatives S-4, S-5 and S-6 
will remove NAPL as an O&M function.  Through naturally occurring degradation 
processes, Alternatives S-4, S-5 and S-6 may achieve chemical-specific SCGs over an 
extended period of time.  Alternatives S-1, S-2, and S-3 do not remove contamination 
from the Site and would take even longer to achieve SCGs by natural process. 
5.1.2 Overall Protection of Human Health and the Environment 
Alternatives S-5 and S-6 are the most protective of human health and the environment. 
Alternative S-4 is somewhat protective, since the containment wall will mitigate potential 
NAPL migration to the Hudson River. Alternative S-3 is also somewhat protective, since 
direct contact exposure to contaminated soil would be significantly mitigated. Alternative 
S-2 prevents human exposure, but does not provide any removal or treatment that 
significantly reduces migration of contaminants or expedites the cleanup of the site to 
regulatory standards. Alternative S-1 is the least protective, since it does not remove or 
treat contaminants nor reduce the risk of human or environmental exposure. 
5.1.3 Short-Term Impact and Effectiveness 
Alternatives S-1 and S-2 would have the lowest short-term impact. There would be no 
potential risks to workers or the public during implementation of these alternatives, since 
no active remediation would be performed. The short-term impact and short-term 
effectiveness of Alternative S-3 would also be favorable, since cap construction would 
produce some disturbance of site contaminants at the surface as a result of construction 
activities, but would not impact contamination in the subsurface. Risks to workers and 
the public would be minimal and would be mitigated through appropriate health and 
safety procedures and engineering controls, as necessary. This alternative would also be 
implemented in a relatively short period of time. Alternatives S-4, S-5, and S-6 would 
have a higher short-term impact and lower short-term effectiveness, since excavation or 
driving of sheet piling would disturb the subsurface soil and any excavated or removed 
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material would need to be transported through off-site (residential) areas for off-site 
disposal. Each of these alternatives could potentially increase risk of exposure to workers 
and the public. These impacts would be minimized through proper construction and 
transportation procedures and engineering controls. 
5.1.4 Long-Term Effectiveness and Permanence 
Alternatives S-3 and S-4 are effective at reducing potential risk to human health, but to a 
lesser extent than Alternative S-5 and S-6. Source materials would be capped (Alternative 
S-3), capped and contained (Alternative S-4), or subjected to a combination of removal 
and containment (Alternatives S-5 and S-6). However, contaminated soil would remain 
on-site under each alternative. The areas of residual contamination would be subject to 
institutional controls to prevent exposure. Long-term O&M (e.g., cap maintenance, 
monitoring, etc.) would be required to ensure that these alternatives continue to be 
effective, as well as maintenance of land use restrictions. Alternative S-2 is less effective, 
since all existing contamination, including contaminated contents of the holder, 
considered to act as a source area, would remain on-site. Human health exposure would 
be minimized through institutional controls. Long-term O&M and land use restrictions 
would be required to ensure the effectiveness of this alternative. Alternative S-1 would 
not be effective, since it would not reduce potential human health risks. Long-term 
monitoring would be required. 
5.1.5 Reduction of Mobility, Toxicity, and/ or Volume 
Alternative S-6 offers the most significant reduction in mobility, toxicity, and volume of 
contaminated soil, since soil with contaminated material exceeding PRGs would be 
excavated down to the water table for appropriate off-site treatment and/or disposal. 
Alternatives S-3, S-4, S-5 and S-6 offer some reduction in mobility, toxicity and/or 
volume through capping (Alternative S-3), capping and containment (Alternative S-4), or 
removal of source material with containment and capping (Alternative S-5) or solely 
removal of source material (Alternative S-6); some contaminants would remain on-site 
untreated in each of these alternatives. Alternative S-2 offers no significant reduction in 
mobility, toxicity, or volume. Alternative S-1 offers no reduction in mobility, toxicity, or 
volume since no active remediation would be performed. 
5.1.6 Implementability 
All of the alternatives evaluated are technically feasible. Alternative S-1 is the easiest to 
implement, since no remedial activities are employed in this alternative. Alternative S-2 
is also easy to implement, involving only institutional controls. Alternative S-3 is also 
relatively simple to implement, as it only involves capping. Alternative S-4 would be 
more difficult to implement, as it requires installation of sheet piling to depths of 60 feet 
bgs and relies on proper key-in to a low-permeability layer to ensure effectiveness. 
Alternatives S-5 and S-6 would be the most difficult to implement, requiring excavations 
with the potential need for shoring in addition to installation of the cap and containment 
wall. 

Services, equipment, and materials are available for all alternatives. Alternative S-1 
requires no materials and limited services. Alternative S-2 may require limited materials 
and limited services. Alternatives S-3, S-4, S-5, and S-6 require excavation and/or 
capping services in addition to backfill or capping materials. The quantity of cap material 
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and the quantity of backfill are all substantial; the quantity of backfill material under 
Alternative S-6 is the largest. 

All of the alternatives evaluated are administratively feasible. Alternative S-1 would be 
the easiest to implement (short-term) since no activity would be performed. The 
remaining alternatives all involve construction activities and associated administrative 
activities (e.g., permitting, public participation and coordination, etc.). Alternatives S-5 
and S-6 would have some additional coordination requirements for off-site transportation, 
which the other alternatives would not entail. Long-term institutional management (e.g., 
monitoring, reporting, public coordination) would be associated with all of the 
alternatives except S-1. 
5.1.7 Cost 
Alternative S-1 has no capital costs and limited O&M costs, associated only with five-
year reviews. Alternative S-2 has the next lowest capital and O&M costs for 
implementation of institutional controls. Alternative S-3 has the next lowest capital and 
O&M costs, associated with cap maintenance and monitoring. Alternative S-4 has the 
third highest capital and O&M costs. Alternative S-5 has the second highest capital and 
O&M costs. Alternative S-6 has the highest capital and O&M costs. Overall, the ranking 
of the alternatives based on net present value (capital and O&M) from lowest to highest 
is: Alternatives S-1, S-2, S-3, S-4, S-5, and S-6. 

 

5.2 Comparative Analysis of Groundwater Alternatives 
 
5.2.1 Compliance with SCGs 
Alternatives GW-1 and GW-2 would be performed in accordance with action- and 
location-specific SCGs and would eventually achieve chemical-specific SCGs over a 
long period of time. 
5.2.2 Overall Protection of Human Health and the Environment 
Alternative GW-2 is a passive alternative that does not provide active treatment of 
contaminated groundwater, but achieves the goal of minimizing potential human health 
risks over time. Monitoring would be implemented until the treatment goals were 
achieved and groundwater use restrictions would be maintained. Alternative GW-1 is the 
least protective, since it does not remove or treat contaminated groundwater nor reduce 
the potential risk of human exposure. In addition, it does not provide for monitoring to 
assess potential changes in risk to human health or the environment. 
5.2.3 Short-Term Impact and Effectiveness 
Alternative GW-1 would have the lowest short-term impact and highest short-term 
effectiveness. There would be no potential risks to workers or the public during 
implementation of the alternative, since no on-site activities or construction would be 
performed. The short-term impact and short-term effectiveness of Alternative GW-2 
would also be favorable, since monitoring would result in minimal risks of exposure for 
workers or the public. 
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5.2.4 Long-Term Effectiveness and Permanence 
Alternative GW-1 and GW-2 would ultimately provide long-term protection of human 
health and the environment over a long period of time. Monitoring would provide 
additional risk mitigation assurance under Alternative GW-2.  
5.2.5 Reduction of Mobility, Toxicity, and/or Volume 
Alternatives GW-1 and GW-2 offer no reduction in mobility, toxicity, or volume, since 
no active remediation would be performed. 
5.2.6 Implementability 
Both of the alternatives evaluated are technically feasible. Alternatives GW-1 and GW-2 
are equally easy to implement, since only monitoring activities are employed in these 
alternatives. 

Services, equipment, and materials are available for GW-2. Alternative GW-2 requires 
only consulting services for monitoring and data evaluation, which are readily available. 
Both of the alternatives evaluated are administratively feasible. Alternatives GW-1 and 
GW-2 would be easy to implement (short-term) since there would be no construction 
activity for Alternative GW-1 and only minimal activity for Alternative GW-2. 
Alternative GW-2 would involve long-term monitoring.  
 
5.2.7 Cost 
Alternative GW-1 has no capital costs and limited O&M costs, associated only with five-
year reviews. Alternative GW-2 has the higher lowest capital and O&M costs for 
implementation of institutional controls. 
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6.0 SELECTION OF PREFERRED REMEDIAL ALTERNATIVE 
This section presents the selected alternative for each media based on the evaluations 
presented in the previous sections. As noted in these evaluations, there are inter-
relationships between the media-specific alternatives. Therefore, the media-specific 
alternative selections are followed by a description of the overall conceptual plan for site 
remediation that describes these inter-relationships and how the selected alternatives 
result in the most effective overall remediation plan for the site. 

6.1 Media-specific Alternative Selection 
The following sections describe the selected alternatives for each media. 
6.1.1 Soil Remedial Alternative 
Based on the evaluation of soil alternatives, S-5 (Source Containment, NAPL Removal, 
and Capping) has been selected.  The actual details for the wall (e.g., three walled or fully 
enclosed, length, and depth), will be determined during the remedial design phase.   

Removal of the highly contaminated material in the holder provides protection against 
further migration and transfer into other media; NAPL containment and periodic removal 
via NAPL recovery wells provides long-term NAPL mass reduction and protection 
against potential migration to the Hudson River; and capping provides increased contact 
protection and stormwater infiltration reduction.  The inclusion of institutional controls 
provides overall long-term support for the alternative. 
6.1.2 Groundwater Remedial Alternative 
The selected alternative for groundwater is Alternative GW-2 (Institutional Controls). 
This alternative builds on the benefits of source removal on the NG/ACOE Properties and 
installation of the containment wall between former source areas and the Hudson River. 
Under this alternative, the appropriate institutional protections would be provided to 
protect human health.  In addition, a long-term monitoring program would be established 
to ensure that long-term groundwater contaminant concentrations remain at acceptable 
levels. 
6.1.3 Ingalls Avenue  
The City of Troy intends to construct a boat launch at the Ingalls Avenue Site in 
conjunction with the creation of a public park in the area to the south.  Preliminary design 
drawings for the boat launch were provided to NG in September 2005 by the City of 
Troy.  NG will advise the City during construction regarding the proper handling, 
transport, and disposal of any purifier waste encountered during excavation activities.   
The City then plans to install a high density polyethylene geomembrane between the 
Ingalls Avenue Site and the property to the north.  The Ingalls Avenue Site will be 
addressed as a separate operable unit in accordance with Department-approved plans.   

6.2 Conceptual Plan for Site-wide Remediation 
The conceptual plan for the site-wide remediation incorporates Alternatives S-5 and GW-
2.  Implementation of Alternative S-5 will eliminate a large volume of contaminated 
material from the site, will provide NAPL containment, monitoring and removal, and will 
minimize potential risks to human health through the implementation of institutional 
controls (i.e., deed restrictions, health and safety planning, and five-year reviews) and 
construction of a cap. 
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Implementation of Alternative GW-2 in conjunction with Alternative S-5 will minimize 
potential risk to human health through the implementation of institutional controls (i.e., 
groundwater use restrictions, health and safety planning) with five-year reviews and 
groundwater monitoring. 

The overall capital cost for implementation of the selected remedy is $3,725,975 for a 
three walled containment, and $4,826,275 for a fully enclosed containment. The annual 
O&M cost is estimated to be $67,000.  The net present cost based on a 30-year period 
and a five percent discount rate is $4,886,000 if the containment is three walled, and 
$5,967,275 if the containment is fully enclosed. 
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Figure 6-1 
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