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EXECUTIVE SUMMARY 

The U.S. Army Corps of Engineers (USACE) prepared this Feasibility Study (FS) for the Sylvania 
Corning Plant/former Sylvania Electric Products Facility, Formerly Utilized Sites Remedial 
Action Program (FUSRAP) site (Sylvania Corning FUSRAP site) located in Hicksville, Nassau 
County, New York. The purpose of this FS is to develop and evaluate remedial action alternatives 
to address Source Area Properties groundwater impacted by FUSRAP-related contaminants that 
pose unacceptable risks to human health and the environment and associated subsurface soils with 
the potential to leach contaminants to groundwater. 
 
The following terms used in this document are defined as:  

¶ FUSRAP Remedial Investigation (RI) Study Area ï This includes the entire area 
investigated by USACE under FUSRAP.  

¶ Former Sylvania property ï The three contiguous properties at 70, 100, and 140 
Cantiague Rock Road, Hicksville, New York. 

¶ Source Area Properties ï The former Sylvania property and adjacent Cantiague Park 
Driving Range. Areas within these properties contain sources of contamination and, 
therefore, the entire properties are referred to as the Source Area Properties (Figure 1-1). 
These properties were investigated as source areas.  

¶ Downgradient ï Any area within the FUSRAP RI Study Area that is not upgradient, or 
within the Source Area Properties (i.e., the former Sylvania property or the Cantiague 
Park Driving Range).  

The United States Environmental Protection Agency (USEPA) placed the regional groundwater 
contamination, known as the New Cassel/Hicksville Groundwater Contamination Superfund site, 
on the National Priorities List (NPL) in September 2011 (USEPA 2011). The downgradient 
groundwater contamination is included within the New Cassel/Hicksville Groundwater 
Contamination Superfund site. USACE is coordinating separately with the USEPA on the 
downgradient groundwater contamination associated with the FUSRAP site; therefore, the 
downgradient groundwater contamination is not addressed in this document. The Source Area 
Properties groundwater is the subject of this FS. 
 
ES.1 Background  
The former Sylvania property is a 10.39-acre area located in Hicksville, Nassau County, New York 
on the western portion of Long Island, approximately 30 miles east of lower Manhattan. It is 
currently divided into three separate but contiguous properties: the property located at 140 
Cantiague Rock Road (140 Property), 100 Cantiague Rock Road (100 Property), and 70 Cantiague 
Rock Road (70 Property), collectively referred to as the former Sylvania property. These properties 
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were investigated for FUSRAP contamination in soils and sources of contamination to the aquifer. 
Some residual contamination in soils was found to have migrated in soils along the eastern side of 
the property beneath the adjacent Cantiague Park Driving Range. Therefore, the former Sylvania 
property and adjacent Cantiague Park Driving Range are collectively referred to as the Source 
Area Properties. 
 
The former Sylvania property has historically been used for industrial and manufacturing 
operations from as early as 1942. In February 1952, Sylvania Electric Products acquired the site 
and began research, development, and fabrication of nuclear elements (e.g., fuel elements, slugs, 
and cores) under government (including the Atomic Energy Commission) and commercial 
contracts. The facility was in operation from 1952 to 1966. Once nuclear operations ceased in 1966 
at the former Sylvania property, historical buildings, except Building 4 (B4), were removed 
(Figure 1-2). The soils (and any associated surface contamination) in the areas of the historical 
buildings were redistributed, i.e., moved around, during grading activities between 1967 and 1968 
when the former Building 140 (B140) was constructed. 
 
The Site was added to the FUSRAP in 2005. The Site has undergone various remedial 
investigations and remedial actions to date. This FS focuses on the remedial alternatives for soil 
and groundwater contamination for the Source Area Properties. USACEôs cleanup authority for 
the FUSRAP project is limited by the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) and applicable Energy and Water Development Appropriations Acts 
to FUSRAP waste (hazardous substances, pollutants, and contaminants) that resulted from work 
performed as part of the nationôs early atomic energy program. As such, the primary FUSRAP 
contaminants of concern (COCs) at the former Sylvania property are uranium, nickel, and 
tetrachloroethylene (PCE). 
 
ES.2 Human Health and Ecological Risk Assessment 
The Baseline Risk Assessment (BLRA) included a Human Health Risk Assessment (HHRA) and 
a qualitative Ecological Risk Assessment (ERA). The BLRA presented an evaluation of the 
potential for adverse human health and ecological effects associated with exposure to chemicals 
and radionuclides detected in environmental samples collected from the Sylvania Remedial 
Investigation Study Area. The HHRA quantitatively evaluated risk for current and potential future 
populations that may use the former Sylvania property under six different exposure scenarios 
including exposure to site soils and use of groundwater beneath and downgradient of the property 
as a drinking water source. The qualitative ERA assessed potential ecological risks associated with 
any chemical and radiological contamination at the former Sylvania property. This FS looks at 
those scenarios pertaining to the Source Area Propertiesô FUSRAP COCs only. 
 
The HHRA determined that the volatile contaminants in indoor air at the former Sylvania property 
and the chemical and radiological contaminants in shallow and near-surface soil at the former 
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Sylvania property are not expected to pose cancer risks. The HHRA determined that potential use 
of untreated groundwater as tap water would pose cancer risks and/or noncancer hazards for the 
following group of receptors:  

¶ Potential future on-property construction/industrial workers; with the FUSRAP 
contaminants PCE and uranium driving the risks; 

A qualitative ERA determined that no adverse impacts on ecological receptors and/or habitats on 
the former Sylvania property are expected. 
 
ES.3 Remedial Action Objectives and Cleanup Levels 
The site-specific remedial action objectives (RAOs) were developed based on the FUSRAP-related 
COCs (uranium, nickel, and PCE), exposure pathways, and receptors identified in the BLRA. The 
following RAOs have been developed for the Source Area Properties: 
 
¶ Reduce exposure to COCs present in the Source Area Propertiesô groundwater via direct 
contact, inhalation, and ingestion under future groundwater use scenarios to concentrations 
less than cleanup levels. 

¶ Prevent COCs present in the Source Area Propertiesô groundwater from migrating off the 
Source Area Properties at concentrations greater than the cleanup levels.  

 
Based on the results of the qualitative ERA, contamination poses no to low risk to ecological 
receptors; therefore, RAOs associated with ecological receptors have not been developed. 
Although soils were found not to present unacceptable risk which results in no soil cleanup levels 
being established, alternatives that target Source Area Propertiesô soils will be evaluated when 
those alternatives protect groundwater and have been determined to result in an expedited 
timeframe for groundwater remediation.  
 
The FS identifies applicable or relevant and appropriate requirements (ARARs) for each of the 
alternatives considered, if needed, including location, chemical (including radiological), and action 
specific ARARs based on Federal and state requirements. These ARARs were developed by 
reviewing Federal environment laws and regulations and considering the New York State laws and 
regulations proposed by New York State Department of Environmental Conservation (NYSDEC) 
to determine which laws and regulations are ARARs for this remediation. 
 
Chemical and radiological ARARs were identified as the 40 Code of Federal Regulations (CFR) 
141.66 (e) maximum contaminant level (MCL) for uranium of 30 micrograms per liter (ɛg/L), 40 
CFR 141.61 (a)(15) MCL for PCE of 5 ɛg/L, and 6 New York Code of Rules and Regulations 
(NYCRR) Part 703.5(f) groundwater quality standards for nickel of 100 ɛg/L.  
 
No location specific ARARs were identified.  
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A potential action specific ARAR is 6 NYCRR Part 380-11.7, containing limits for potential 
discharge of radioactive material to the atmosphere, storm sewer, or sanitary sewer, which is 
relevant and appropriate and thus an ARAR.  
 
Cleanup levels for the Source Area Properties groundwater using the most stringent of the Federal 
and State standards are proposed as 30 ɛg/L for uranium, 5 ɛg/L for PCE, and 100 ɛg/L for nickel. 
 
ES.4 General Response Actions 
General response actions (GRAs) are broad categories of remedies that are capable of remediating 
contamination at a particular site. Each GRA may include several technologies or process options, 
some of which might be extensive enough to satisfy the RAOs and ARARs on their own, while 
others must be combined with different technologies and/or process options to achieve the cleanup 
levels and objectives. The identification of GRAs is the first step in the identification of remedial 
technology types and specific process options. GRAs identified for the Source Area Properties are 
limited actions (land use controls [LUCs] and monitoring), containment, removal, in situ 
treatment, ex situ treatment, discharge, and disposal. 
 
ES.5 Technology Screening 
The selection of technologies and process options within each GRA is based on addressing Source 
Area Properties COCs. The remedy selection process was focused to reflect only those potentially 
applicable technologies and process options common to remedial actions performed or considered 
at sites like the former Sylvania property. A screening of technologies and process options was 
performed to identify technologies that will be applicable for achieving cleanup levels within the 
Source Area Properties. Selected technologies and process options identified for the Source Area 
Properties are LUCs, limited excavation, comprehensive excavation, capping, soil vapor extraction 
(SVE), air sparging (AS), groundwater pump and treat, soil flushing, and groundwater monitoring. 
 
ES.6 Development of Remedial Alternatives 
Based on the RAOs and GRAs for the Source Area Properties, four alternatives were developed 
for this FS. Each of the alternatives evaluated in this FS takes into consideration regional 
groundwater contamination, known as the New Cassel/Hicksville Groundwater Contamination 
Superfund site. The alternative components generally fall within five different categories: no 
action, limited action, containment, in-situ treatment, and removal. The four alternatives 
considered in this FS are:  
 
¶ Alternative 1 ï No Action  
¶ Alternative 2 ï Limited Excavation, Capping, Soil Vapor Extraction, Air Sparging, and 
Groundwater Monitoring 

¶ Alternative 3 ï Limited Excavation, Soil Vapor Extraction, Air Sparging, Pump and Treat, 
Soil Flushing, and Groundwater Monitoring 
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¶ Alternative 4 ï Comprehensive Excavation, Soil Vapor Extraction, Air Sparging, Pump 
and Treat, Soil Flushing, and Groundwater Monitoring 

 
ES.7 Detailed Evaluation of Alternatives 
Each of the four alternatives are described in detail and then evaluated against seven of the nine 
evaluation criteria set forth in the National Contingency Plan, 40 Code of Federal Regulations 
Ä300.430(e)(9)(iii); specifically, 1) overall protection of human health and the environment; 2) 
compliance with ARARs; 3) long-term effectiveness and permanence; 4) short-term effectiveness; 
5) reduction of toxicity, mobility and volume through treatment; 6) implementability; and 7) cost.  
 
Cost evaluations include the development of capital costs, operations and maintenance costs, total 
costs, and present-worth costs. 
 
The two remaining criteriaðstate and community acceptanceðwill have an evaluation 
performed following public and state comment on the FS and the Proposed Plan. 
 
ES.8 Comparative Analysis of Alternatives 
The four alternatives were compared according to seven of the nine criteria discussed in the 
alternative evaluation. Alternative 1 is not protective of human health and the environment; will 
not achieve ARARs; is not effective in the long term; and does not reduce the mobility, volume, 
and toxicity of contaminants through treatment. Consistent with FS guidance, Alternative 1 was 
retained as a basis of comparison for the remaining alternatives. 
 
The action alternatives, Alternatives 2 through 4, are protective of human health and the 
environment and will achieve ARARs. Alternatives 2 through 4 are equally effective in the long 
term with essentially equal permanence. Alternative 3 offers the least short-term impacts, while 
Alternative 4 has the greatest adverse short-term impact. Alternative 3 reduces the mobility, 
toxicity, and volume of the contamination to the greatest extent. Alternatives 2 and 4 also reduce 
the volume of contamination, although Alternative 4 is superior to Alternative 2 in this category. 
Alternatives 3 and 4 also offer a reduction in contaminant mobility due to the extraction of 
groundwater creating a hydraulic barrier in the subsurface. Alternatives 3 and 4 provide some 
reduction in contaminant mobility, toxicity, and volume by treating the contaminated groundwater 
that passes through it; however, Alternative 3 has the greatest reduction since flushed contaminants 
will be captured and treated and the deep soil excavations occurring under Alternative 4 will only 
result in the movement of contamination from the site to a disposal facility. Alternatives 2 and 3 
are readily implementable from both the technical and administrative perspective, while 
Alternative 4 is the most difficult to implement.  
 
Remedial operations and maintenance (O&M) activity timeframes have been estimated based on 
USEPA guidance and experience at similar sites. Pre-design investigations may alter the estimated 
remedial timeframes. As such, a 5-year timeframe has been utilized for SVE/AS remedies. Pump 
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and Treat (P&T) for Alternative 3 that relies on soil flushing was estimated at 30 years and for 
Alternative 4 that incorporates deep soil excavation was estimated at 20 years. Groundwater 
monitoring was estimated to extend for an additional 5 years following P&T technologies. For 
remediation alternatives with known extended lifetimes (e.g., cap inspection and maintenance) 
costs were evaluated over a 100-year period. Alternative 1 has no timeframe since no remedy takes 
place. 
 
A cost comparison shows that Alternative 4 has the highest present value cost, and Alternative 2 
has the lowest present value cost (not including Alternative 1, which does not have an associated 
cost).  
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1.0 INTRODUCTION 

The U.S. Army Corps of Engineers (USACE) prepared this Feasibility Study (FS) for the Source 
Area Properties associated with the Sylvania Corning Plant/former Sylvania Electric Products 
Facility, Formerly Utilized Sites Remedial Action Program (FUSRAP) site (Sylvania Corning 
FUSRAP site) located in Hicksville, Nassau County, New York.  
 
The following terms used in this document are defined as:  

¶ FUSRAP Remedial Investigation (RI) Study Area ï This includes the entire area 
investigated by USACE under FUSRAP. This area is also referred to as the FUSRAP 
site, but it is important to note the FUSRAP authority discussed below.  

¶ Former Sylvania property ï The three contiguous properties at 70, 100, and 140 
Cantiague Rock Road, Hicksville, New York. 

¶ Source Area Properties ï The former Sylvania property and adjacent Cantiague Park 
Driving Range. Areas within these properties contain sources of contamination and, 
therefore, the entire properties are referred to as the Source Area Properties (Figure 1-1). 
These properties were investigated as source areas.  

¶ Downgradient ï Any area within the FUSRAP RI Study Area that is not upgradient, or 
within the Source Area Properties (i.e., the former Sylvania property or the Cantiague 
Park Driving Range).  

The purpose of the FUSRAP is to remediate contamination throughout the United States that 
results from our nationôs early atomic energy program. USACEôs cleanup authority at the 
FUSRAP site is limited by the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) and applicable Energy and Water Development Appropriations Acts to 
FUSRAP waste, hazardous substances, pollutants, or contaminants resulting from work performed 
as part of the nationôs early atomic energy program.  
 
The United States Environmental Protection Agency (USEPA) placed the regional groundwater 
contamination, known as the New Cassel/Hicksville Groundwater Contamination Superfund site 
(Superfund site), on the National Priorities List (NPL) in September 2011 (USEPA 2011). The 
downgradient groundwater contamination resulting from the Source Area Properties is included 
within the Superfund site. USACE is the lead federal agency for the Source Area Properties with 
the USEPA and New York State Department of Environmental Conservation (NYSDEC) as 
regulatory stakeholders. USEPA is the lead agency for the Superfund site. USACE is coordinating 
separately with the USEPA on the downgradient groundwater contamination; therefore, the 
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downgradient groundwater contamination is not addressed in this document. The Source Area 
Propertiesô shallow groundwater is the subject of this FS. 
 
An RI and baseline risk assessment (BLRA) were completed by the USACE in 2021 to 
characterize the nature and extent of soil and groundwater impacted by disposal of radionuclides 
and halogenated solvents at the FUSRAP site. It also served to evaluate the risk to human health 
and the environment. The result of the efforts is detailed in the Remedial Investigation Report, 
Sylvania Corning FUSRAP Site, Hicksville, Nassau County, New York (USACE 2021a). USACE 
performed the RI fieldwork beginning in 2006 and continued in a phased manner through 2016. 
An RI/BLRA Report was prepared in 2010 to document activities performed until that point (i.e., 
Phases I through III). Subsequently, USACE performed the final phase of the RI (Phase IV). The 
RI Report is a comprehensive document which presents the results of all four phases of the 
USACEôs work and, as appropriate, information obtained from previous reports prepared before 
USACE involvement. The RI was finalized in September 2021. 
 
This FS was developed using the USEPAôs Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA (EPA540/G-89/004, USEPA 1988) and A Guide to Developing 
and Documenting Cost Estimates During the Feasibility Study (Office of Solid Waste and 
Emergency Response [OSWER] 9355.0-75, July 2000). It evaluates remedial action alternatives 
for Source Area Properties soils and groundwater that have been found to be associated with 
research, development, and fabrication of nuclear elements under the Atomic Energy Commission 
(AEC), other government, and commercial contracts at the former Sylvania property from 1952 to 
1967. Other industrial and commercial activities were conducted on the former Sylvania property 
beginning in 1942 and continuing through 2006. This report is intended to be a record of activities 
that have occurred at the Source Area Properties since the RI was finalized, including groundwater 
model updates and pilot study activities.  
 
1.1. Regulatory Requirements and Agency Coordination 

With its passage of the 1998 Energy and Water Development Appropriations Act, Congress 
transferred responsibility for execution and administration of FUSRAP cleanup from the U.S. 
Department of Energy (USDOE) to USACE. In so doing, Congress directed USACE to administer 
and execute this cleanup program (FUSRAP) at eligible sites in accordance with and subject to 
CERCLA, as amended, and the National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP). The purpose of FUSRAP is to clean up contamination throughout the United States 
that results from the nationôs early atomic energy program. The former Sylvania property was 
added to FUSRAP in 2005. The USACEôs cleanup authority at the Site is limited by CERCLA 
and applicable Energy and Water Development Appropriations Acts to FUSRAP waste (hazardous 
substances, pollutants, and contaminants that resulted from work performed as part of the nationôs 
early atomic energy program). 
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Potential Applicable or Relevant and Appropriate Requirements (ARARs) were considered by 
USACE as a part of the RI, and none were identified at that time. A letter was sent to NYSDEC in 
January 2017 to solicit their input for the potential ARARs for the FUSRAP site. NYSDEC 
responded in March 2017 providing a list of potential chemical and radiological ARARs to be used 
or considered during the development of the Feasibility Study for the Sylvania Corning FUSRAP 
site (NYSDEC 2017). The discussion of these considerations is presented in Section 3.  
 
1.2. Purpose and Organization of the Report  

The purpose of this FS is to develop and evaluate remedial action alternatives to address Source 
Area Properties groundwater impacted by FUSRAP-related contaminants that pose unacceptable 
risks to human health and the environment and associated subsurface soils with the potential to 
leach contaminants to groundwater. This FS is organized in a format similar to the outline 
suggested in the USEPAôs Guidance for Conducting Remedial Investigations and Feasibility 
Studies under CERCLA (USEPA 1988). 
 
This FS report is divided into the following six sections: 
 
¶ Section 1 Introduction provides a discussion of purpose, Source Area Properties 
background (site description, site history, and previous investigations and cleanup actions), 
and environmental setting (geology and soils, hydrogeology, surface water and floodplain, 
wetlands, climate and meteorology, and ecology). 

¶ Section 2 Nature and Extent of FUSRAP Contamination defines the Source Area 
Properties contaminants of concern (COCs), nature and extent of contamination, fate and 
transport, and summary of the BLRA.  

¶ Section 3 Identification and Screening of Remedial Technologies states the remedial 
action objectives (RAOs), defines the remedial goals, identifies ARARs for the Source 
Area Properties remedial actions, defines the general response actions (GRAs) for each 
RAO, identifies feasible remedial technologies and process options associated with each 
GRA, and screens the alternatives based on short-term and long-term analysis of 
effectiveness, implementability, and cost; and selects alternatives for further evaluation and 
analysis.  

¶ Section 4 Development of Remedial Alternatives develops the remedial technologies and 
process options evaluated into Source Area Properties remedial alternatives and describes 
each remedial alternative and the basis for its development. 
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¶ Section 5 Detailed Analysis of Alternatives provides an analysis of selected remedial 
alternatives with respect to volumes of impacted media, technologies recommended, and 
performance requirements; evaluates and compares alternatives with respect to overall 
protection of human health and the environment, compliance with ARARs, long-term 
effectiveness and permanence, reduction of toxicity, mobility, or volume through 
treatment, short-term effectiveness, implementability, and cost. 

¶ Section 6 References lists references cited in this FS. 

 
1.3. Source Area Properties Background Information 

The following subsections describe the current site conditions at the Source Area Properties and 
provide a brief history of activities at the former Sylvania property.  
 

1.3.1. Source Area Properties Description 

The former Sylvania property is a 10.39-acre area located in Hicksville, Nassau County, New York 
on the western portion of Long Island, approximately 30 miles east of lower Manhattan (see 
Figure 1-1). The former Sylvania property is currently divided into three separate but contiguous 
properties: the property located at 140 Cantiague Rock Road (140 Property), 100 Cantiague Rock 
Road (100 Property), and 70 Cantiague Rock Road (70 Property) (see Figure 1-2). These properties 
were investigated for FUSRAP contamination in soils and sources of contamination to the aquifer. 
Some residual contamination in soils was found to have migrated in soils along the eastern side of 
the property beneath the adjacent Cantiague Park Driving Range. Therefore, the former Sylvania 
property and adjacent Cantiague Park Driving Range are collectively referred to as the Source 
Area Properties. 
 
Industrial and commercial properties are located directly north, south, and west of the former 
Sylvania property. Cantiague Park, a county recreational area, lies immediately east of the 
properties. Specifically, the former Sylvania property is bordered on the north by a Nassau County 
Department of Public Works (NCDPW) facility, on the south by General Instrumentsô (GIôs) 
inactive hazardous waste disposal site, on the west by Cantiague Rock Road, and on the east by 
the driving range of the Cantiague Park golf course. A section of the Long Island Railroad is 
located approximately 1,000 feet to the south of the 70 Cantiague Rock Road Property. As stated 
above, a section of the Cantiague Park Driving Range is designated as part of the Source Area 
Properties. The Cantiague Park Driving Range is owned by Nassau County. 
 
General Telephone and Electronics Corporation (GTE) is a corporate predecessor of the Verizon 
entities (Verizon, Inc., and Verizon Communications, Inc.) and a successor to Sylvania Electric 
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Products. Together, these entities are referred to as General Telephone and Electronics Corporation 
Operations Support Inc. (GTEOSI). GTEOSI is the current owner of the 140, 100, and 70 
Properties. GTEOSI entered into two voluntary cleanup agreements with NYSDEC to investigate 
and remediate the soils at the former Sylvania property to allow unrestricted future use of the site. 
An initial agreement was signed on April 7, 1999, to perform investigation activities for soil and 
groundwater. A subsequent agreement was signed by GTEOSI on January 6, 2003, for remediation 
of soils at the former Sylvania property.  

1.3.1.1. 140 Cantiague Rock Road Property (140 Property) 

The 140 Property is the northernmost of the three former Sylvania properties (Town of Oyster 
Bay, Tax Map Section 11, Block 499, Lot 100). It is bordered to the north by the NCDPW facility, 
to the east by the golf course driving range (Driving Range Property), to the south by the 100 
Property, and to the west by Cantiague Rock Road. Building 2 (B2), several small outbuildings, 
and recharge basin #3 were located on the 140 Property while the Sylvania Facility was in 
operation from 1952 to 1966. This 2.54-acre property most recently contained a 54,500-square 
foot, one-story warehouse with office space on the west side, known as Building 140 or B140, 
which was constructed in 1968 (GTEOSI 1997). The building was demolished in Summer 2016 
and its concrete foundation slab remains in place, with asphalt for parking and transport on its 
western and southern sides. The easternmost portion of the Property had been subjected to soil 
removal activities in 2003 through 2004 and now contains an asphalt pad that was used to stage 
the steel sheet piles and equipment used during the removal. A portion of this area is also covered 
in gravel as part of the post-remedial restoration. GTEOSI, the current property owner, instituted 
and managed the 2016 demolition effort. Figure 1-2 identifies the former building locations used 
for manufacturing operations.  

1.3.1.2. 100 Cantiague Rock Road Property (100 Property) 

The 100 Property is located in the central portion of the former Sylvania property (Town of Oyster 
Bay, Tax Map Section 11, Block 499, Lot 99). It is bordered to the north by the 140 Property, to 
the east by the Driving Range Property, to the south by the 70 Property, and to the west by 
Cantiague Rock Road. Building 1 (B1), a portion of B2, several small outbuildings, and recharge 
basins #1 and #2 were located on the 100 Property while the Sylvania Facility was in operation. 
This 4.06-acre property currently contains an 80,100-square-foot warehouse with office space on 
the west side, known as Building 100 or B100. A paved parking lot and gravel cover areas where 
soils were removed as part of the 2003-2004 GTEOSI remedial effort to remove contaminated 
soil. The entire building is currently vacant. The building was constructed in 1982. 
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1.3.1.3. 70 Cantiague Rock Road Property (70 Property) 

The 70 Property is the southernmost of the three properties (Town of Oyster Bay, Tax Map Section 
11, Block 499, Lot 94). It is bordered to the north by the 100 Property, to the east by the Driving 
Range Property, to the south by the former GI facility, and to the west by Cantiague Rock Road. 
Building 4 (B4), several small outbuildings, and recharge basin #4 were located on the 70 Property 
while the Sylvania Facility was in operation. The 3.79-acre property most recently contained the 
approximately 79,210-square-foot, one-story brick building, known as Building 70 or B70, and a 
paved parking lot. The western half of B70 was the only original building remaining from the 
former Sylvania facility (B4, also referred to as Building 9 in some reports); the eastern portion 
was a 30,000-square-foot warehouse addition that was constructed in the late 1980s. The eastern 
one-third of the property was acquired from Nassau County as part of that construction effort. The 
building, which was mostly open warehouse space with offices on the west side, was demolished 
in Summer 2016, and only its concrete foundation slab remains. GTEOSI initiated and managed 
the 2016 demolition effort.  

1.3.1.4. Cantiague Park Driving Range 

The Cantiague Park Driving Range is located within Cantiague Park (Town of Oyster Bay, Tax 
Map Section 11, Block 499, Lot 106). The driving range is bordered to the north by Cantiague 
Park facilities (swimming pool, athletic fields, etc.) and the Northern State Parkway, to the east by 
the Cantiague Park Golf Course, to the south by a portion of the former GI facility, Hercules, and 
other commercial properties, and to the west by the former Sylvania property. The portion of the 
property that acts as a source area is the downrange area of the driving range adjacent to the 100 
Property. None of the driving range out-building structures or hitting bays are located within the 
area determined as part of the Source Area Properties.  
 
1.3.2. Former Sylvania Property History  

The former Sylvania property has historically been used for industrial and manufacturing 
operations from as early as 1942. The United States government has never owned a real property 
interest in any of the parcels comprising the property; the property has remained privately-owned 
throughout its history. Aerial photographs were reviewed to obtain information on historical land 
usage at the property and surrounding area (USACE 2021a). 
 
1.3.2.1. Historical Operations of the Former Sylvania Property 

Press Wireless Manufacturing, Inc. operated at the site from 1942 to 1952. The property was 
transferred from Press Wireless Manufacturing, Inc. to Jefferson Standard Life in 1948, which was 
then transferred to Jefferson Standard Broadcasting in 1951. Sylvania Electric Products of 
Bayside, New York, entered into contract with the AEC in 1951 to perform nuclear element 
research and development. In February 1952, Sylvania Electric Products acquired the site from 
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Jefferson Standard Broadcasting. The facility was in operation from 1952 to 1966 and was 
involved in the research, development, and fabrication of nuclear elements (e.g., fuel elements, 
slugs, and cores) under government (including the AEC) and commercial contracts. 
 
The production of nuclear fuel elements ceased in 1966 with the sale of Sylvania Nuclear 
Divisionôs equipment, tooling, and license assets to National Lead Industries (GTEOSI 1997). 
Once nuclear operations ceased in 1966 at the former Sylvania property, historical buildings, 
except B4, were removed. The soils (and any associated surface contamination) in the areas of the 
historical buildings were redistributed, i.e., moved around and potentially mixed, during grading 
activities between 1967 and 1968 when the former B140 was constructed. High-temperature 
coatings, ceramics, and composite alloys for the space and aircraft industries were also fabricated 
on the 70 Property between 1952 and 1969 (GTEOSI 2002). Activities unrelated to previous 
radiological work on the 70 Property continued under various entities until 2004 which included 
production of microwave and electronic test equipment and the application of metallurgical 
coatings. The 70 Property has remained vacant since purchased by GTEOSI in 2004. The 100 
Property was used for distribution, forklift and truck repair, or sat vacant from 1967 until 2019. 
The property was purchased by GTEOSI in 2019 and has remained vacant. The 140 Property was 
used for distribution, forklift repair, skylight manufacture, and advertising display manufacturing 
from 1967 until 1999. The property was purchased by GTEOSI in 1999 and has remained vacant. 
Additional information on property ownership and operations from 1966 to the present can be 
found in the RI (USACE 2021a). 
 
1.3.2.2. Nuclear Operational History and Waste Characteristics 

The three current properties (70 Property, 100 Property, and 140 Property) were considered a 
single site in the 1950s and 1960s, during the Sylvania facilityôs operations. These operations 
included work Sylvania performed under special nuclear material and source material licenses with 
the AEC, as well as work performed under direct contract with AEC (mostly under a single prime 
AEC contract - Contract No. AT (30-1)-1293, referred to herein as Contract 1293). Although most 
of the Contract 1293 (or ñnon-licensedò) activities took place at the 140 and 100 Properties and 
most licensed work took place at the 70 Property, operations do not appear to have been bound by 
current property lines (USACE 2005). 
 
Based on the success of the Contract 1293 operations, Sylvania decided to expand into licensed 
nuclear work. Sylvania applied for AEC licenses to use natural, depleted, and enriched uranium. 
AEC-licensed operations at the former Sylvania property occurred primarily at the 70 Property 
and a portion of a former building on the 140 Property, where many different kinds of fuel elements 
for various reactors were produced (USACE 2005). This licensed work was performed under at 
least 13 different licenses between 1957 and 1966. Natural, enriched, and depleted uranium were 
handled, as well as lesser amounts of thorium. Early non-licensed work involved the handling of 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 1-8 
Sylvania Feasibility Study_24April2025_Final 
 

non-worked natural uranium metal (derby) (Kingsley 1959) and, to a lesser degree, natural thorium 
metal (USACE 2005). 
 
Sylvania and related entities conducted nuclear work on the privately-owned site under Contract 
1293 with the AEC from 1952 to 1966, as well as other nuclear work for commercial and other 
government contracts. Commercial (licensed) work began in 1957 and lasted through 
approximately 1966. During these operations, government and commercial nuclear elements (e.g., 
cores and slugs) were manufactured for AEC use and fuel elements for reactors used in research 
and electric power generation. Two separate nuclear element-manufacturing processes were 
employed at the former Sylvania property: one process involved the handling of natural, enriched, 
and depleted uranium for AEC-licensed work, and the other involved the handling of natural 
uranium (Kingsley 1959).  
 
Some of the elements produced by both the licensed and non-licensed work were coated with 
nickel to improve corrosion resistance and decrease oxidation and diffusion of uranium metal. 
Process wastes, which included tetrachloroethylene (PCE), were discharged to sumps and leach 
pools, which was a commonly accepted waste disposal practice of the era (USACE 2005). Scrap 
materials from the manufacturing processes were burned in former Building 8 (see Figure 1-2) and 
handling of this residue potentially contaminated property soils with uranium (Davis 1955).  
 
The primary two nuclear element operations are described in further detail below. 

1.3.2.2.1. Non-Licensed Work at the Former Sylvania Property 

Non-licensed work was performed under Contract 1293 using natural uranium and to a lesser 
extent, thorium to produce nuclear elements. Example processes associated with non-licensed 
work are as follows (USACE 2005):  
 
1. Cast ingot or derby was cleaned by acid pickling and dried prior to heating to 450 degrees 
Fahrenheit (ÁF) with hydrogen to form uranium hydride (UH3). 

2. The hydride powder was decomposed at 900ÁF to uranium metal powder under vacuum or 
inert gas. 

3. The metal powder was blended and cold pressed into compacts then hot pressed at 1,166ÁF 
under vacuum to a solid uranium slug. 

4. The pressed slugs were cooled and then cleaned by acid pickling or surface grinding. 

5. The ground slug was contour ground, and the end radii were machined. 
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Slug canning processes evolved through the years to include nickel and aluminum canning 
(USDOE 1962), and a procedure was developed to solvent-clean and acid-clean bare metal prior 
to plating (Huber 1955).  
 
Available documentation indicates that approximately 2.6 million kilograms of uranium metal 
were handled during the Contract 1293 manufacturing processes. USDOE documentation 
indicates that this number could potentially be as high as 6 million kilograms (USACE 2005). In 
1953, AEC gave permission to use a portion of one of its leased buildings on the l40 Property for 
non-Contract 1293 work. The AEC element-manufacturing work was completed in 1965, and the 
AEC plant (Contract 1293 area) was decontaminated to applicable standards of the time (this work 
was performed in accordance with AEC Title 10, Part 20 and New York State Industrial Code Rule 
38) and released for other non-radiological work by Isotopes, Inc., a contractor for the AEC 
(Giboney 1973).  

1.3.2.2.2. Licensed Work at the Former Sylvania Property 

Licensed work refers to work conducted under an AEC license. Licensed work at the former 
Sylvania property involved the production of fuel elements primarily using enriched uranium. The 
major steps of the commercial operations changed very little over the period of operations, but 
some modifications were made based on the desired product. Examples of commercial work 
include the following (USACE 2005): 
 
1. Enriched uranium-molybdenum and enriched uranium-aluminum were melted in graphite 
and ceramic crucibles in a vacuum melting furnace. 

2. Various metal joining, forming, and treating processes involving heat-treating furnaces, 
sintering furnaces, brazing furnaces, cold-pressing and isostatic pressing were used to form 
uranium oxide-stainless steel and aluminum fuel elements as fuel plates, ingots, billets.  

3. Products were chemically cleaned with hot and cold acid, caustic solvent solutions and 
vapors, water and demineralized water, and anodizing solvents. This work was performed 
in cleaning tanks with hoods and exhaust blowers, and vapor degreasers. An inspection 
report from February 27, 1959, stated that degreasing ñis done in an electrically heated 
perchlorethylene [sic] vapor degreaserò (Kingsley 1959). 

4. Uranium-bearing alloys and non-uranium-bearing fuel element plates, pins, assembled fuel 
elements, and fuel element components were machined using milling machines, lathes, and 
centerless grinders. 

5. Other operations that were then performed on the material included cutting off and forming 
curvatures on the plates, acid cleaning, inspection, assembly of the elements, machining, 
and welding. 
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Due to significant data gaps, an accurate depiction of the amount of uranium metal handled for the 
licensed operations does not exist (USACE 2005). The State of New York released the former 
Sylvania property for non-radiological use on September 19, 1967, and cancelled New York State 
Radioactive Materials License No. 325-0083. 
 

1.3.3. Previous Non-USACE Investigations and Cleanup Actions 

The following is a summary of the non-USACE investigations and cleanup actions performed at 
the former Sylvania property from the 1960s to 2010. Figures 1-2 and 1-3 contain referenced 
locations. 

¶ 1965. The 1293 Contract area was decontaminated to the applicable standards of the time 
by Isotopes, Inc., a contractor for the AEC. Limited soil excavation was performed to a 
depth of 4 inches in recharge basin/ sump #3, recharge basin/sump #2, and the drum 
storage area between Buildings 6 and 7. The 1293 Contract area was released for other 
work by the AEC. 

¶ 1967. The historical Sylvania buildings except for B4 were demolished.  

¶ September 19, 1967. The New York State Department of Labor released the site for non-
radiological use based on AEC surveys, an Atcor survey, and its own investigation, and 
canceled New York State Radioactive Materials License No. 325-0083. 

¶ 1987. Thirty buried drums and some contaminated soils were discovered on the current 70 
Property during construction of an addition to B4 (USACE 2005). The analytical results 
for soil and drum samples collected by the Nassau County Department of Health (NCDOH) 
and NYSDEC indicated the presence of halogenated solvents, polychlorinated biphenyls 
(PCBs), arsenic, and less than 0.05% uranium (i.e., less than approximately 165 picocuries 
per gram (pCi/g) U-238, assuming natural uranium). ERM-Northwest (ERM) was retained 
by Air Techniques for further subsurface investigations. In total, 57 drums (including the 
initial 30) and 90 cubic yards of soil (excavated from 0 to 12 feet below ground surface 
[BGS]) were removed. The source of those drums is unknown. 

¶ Air Techniques 1987. A Remedial Excavation and Subsurface Investigation of the 70 
Property was performed (Air Techniques 1987). The investigation included a geophysical 
survey, subsequent excavations, and post-excavation soil sampling. 

¶ Gilbert Displays 1991. An environmental investigation of the 140 Property was performed 
(Gilbert Displays 1991). The objective of this investigation was to identify all financial 
liability issues, as well as significant environmental problems that would restrict property 
use by current and future owners.  
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¶ GTEOSI 1992. GTEOSI performed a Phase II investigation and Supplemental Phase II 
Investigation at the 70 Property to collect the information necessary to classify the site for 
no further action and to develop a final Hazard Ranking Score (GTEOSI 1993). The 
investigations were performed under NYSDEC guidance. This investigation included a soil 
gas survey (to evaluate soil quality in the vicinity of halogenated solvent detections after 
the removal of the drums); installation of seven soil borings/monitoring wells; and 
collection of groundwater samples (to evaluate groundwater quality upgradient and 
downgradient of the drum burial site and to identify any impacts from the buried materials 
on groundwater quality). Three upgradient wells (north of the building extension) and two 
downgradient wells (southwest of the building extension) were installed and sampled for 
the full Target Compound List/Target Analyte List (TCL/TAL). An existing off-property 
well located within the former waste lagoon on the GI property was also sampled for 
volatile organic compounds (VOCs) during this investigation as a third downgradient 
monitoring point.  

¶ 1995. NYSDEC reclassified the 70 Property because of high solvent concentrations. Some 
contribution to groundwater contamination was suspected at the 70 Property.  

¶ GTEOSI 1997. GTEOSI prepared a Summary Report on the Groundwater Monitoring 
Program at the Air Techniques facility. 

¶ GTEOSI 1998. GTEOSI performed a ground-penetrating radar (GPR) survey and an 
exterior radiation survey of the property (GTEOSI 1998). More than 305 GPR profiles 
were obtained, with a 20-foot maximum depth of penetration. The walkover gamma 
radiation survey was performed over selected outdoor areas of the property to measure and 
map above-background radiation levels that may indicate the presence of subsurface 
process residuals.  

¶ April 7, 1999. A Voluntary Cleanup Program (VCP) Agreement was established between 
GTEOSI and NYSDEC. Soil cleanup levels were established as: 100 pCi/g total uranium; 
50 pCi/g for U-238; 2.8 pCi/g for Th-232; 1.82 ppm for PCE; 0.7 ppm for trichloroethylene 
(TCE); 560 ppm for nickel; and 0.16 ppm or site background or background for New York 
State soils (0 to 7 ppm) for beryllium. These criteria were used for the subsequent 2004 
remediation. 

¶ GTEOSI 2000. GTEOSI conducted an investigation to verify the nature and extent of 
process residuals, including uranium, thorium, and halogenated solvents (GTEOSI 2000). 
They also conducted a site survey to locate historic structures. A soil gas survey included 
128 borings to 4 feet in general areas; to 8 feet in suspected radioactive contaminant areas; 
and to 16 feet in leach pool areas. The groundwater investigation included sampling of five 
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existing monitoring wells on the 70 Property, three upgradient wells, and five newly 
installed temporary well points. The samples were analyzed for VOCs, semi-volatile 
organic compounds (SVOCs), metals, and radionuclides.  

¶ GTEOSI 2001. GTEOSI performed a supplemental investigation to further evaluate areas 
identified during the initial investigation where process residuals consisting of uranium, 
thorium, and PCE were potentially located (GTEOSI 2001). This investigation included a 
soil gas survey to a depth of approximately 4 feet (32 exterior locations, 19 interior 
locations at B140, and three interior locations at B100); installation of more than 128 
borings 4 to 24 feet deep; installation and sampling of five temporary wells to 70 feet; and 
sampling of five existing wells on the 70 Property and three upgradient existing wells on 
the NCDPW property.  

¶ GTEOSI 2002. GTEOSI performed a soil investigation to verify the vertical and horizontal 
extent of selected contaminants in the soil and delineate non-impacted areas for sheet pile 
placement (GTEOSI 2003a). The investigation included 170 soil borings, installation of 
monitoring wells, and collection of soil and groundwater samples. Most of the soil borings 
were advanced to 20 feet BGS; however, 14 borings were advanced until no impacts were 
noted (approximately 40 feet BGS) in order to define the vertical boundaries. The soil 
samples were analyzed for radionuclides, VOCs, and metals.  

¶ GTEOSI 2003. GTEOSI installed 27 additional soil borings at the property in response to 
a request by NYSDEC (GTEOSI 2003b). The additional soil investigation was performed 
in order to characterize the potential mixed waste areas. The soil borings were advanced to 
a maximum of 18 feet BGS, with most of the borings advanced to a total depth of 12 feet 
BGS. The soil samples were analyzed for radionuclides, VOCs, and nickel. 

¶ GTEOSI 2003. GTEOSI performed a radiological survey inside B70 to determine whether 
residual radioactivity was present in building materials (GTEOSI 2003c). The survey 
involved the sampling of interior surfaces of the portion of the building utilized by 
Sylvania, including floors, lower walls, and other locations deemed suspect. Scans and 
direct measurements of radon and biased building surface locations were performed for 
gross alpha and beta contamination, removable alpha and beta contamination, and area 
gamma exposure rates. 

¶ GTEOSI 2003, 2004. Based on the results of previous investigations, GTEOSI assembled 
a team of environmental companies to perform a soil removal and restoration program on 
portions of all three properties known to contain process residuals. Removal areas were 
designated as cells, and the cells were further divided into subcells (refer to Figure 1-3). 
The excavation of each cell, which was guided by instrument screening and on-property 
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analysis of soil samples, was performed with the intent of removing soil until cleanup levels 
established in the 1999 VCP agreement were attained. A final Phase I soil remediation 
report was issued in December 2006 (GTEOSI 2006a).  

¶ GTEOSI 2004. GTEOSI prepared a letter report regarding the underground storage tank 
(UST) removed from Cell 2 during the soil remediation program (GTEOSI 2006b). The 
tank was encountered during the excavation of soil within Cell 2 at approximately 4 feet 
BGS. The 6,000-gallon tank was 19 feet long and measured approximately 7 feet in 
diameter. The tank contained approximately 875 gallons of sludge and liquid. A pipe was 
attached to the top-center portion of the tank. The tank was removed from the ground and 
examined for content, corrosion, and integrity, and was scanned for radiological and 
chemical impacts. Subsequent to tank removal, five soil samples were collected from the 
bottom and sidewalls of the tank pit. An emulsifier was added to the UST to solidify and 
immobilize the contents and, after it was scanned for VOCs and radiological activity, it 
was double wrapped in plastic and shipped off-site for disposal. 

¶ NYSDEC April 2005. NYSDEC performed a limited soil gas survey with a photo-
ionization detector (PID) in the backfilled soil boring holes in the central portion of B100 
and the western half of B140. Elevated readings were observed at B100, and additional 
borings were requested (NYSDEC 2005a). For B140, no elevated readings were observed, 
and no additional borings were installed.  

¶ NYSDEC May 2005. NYSDEC performed a limited soil gas survey with a PID at the 
100 Property, but elevated readings were not observed (NYSDEC 2005b). NYSDEC also 
installed six additional borings, and soil gas readings were collected at five of these 
borings. A 2,500-gallon UST was found during installation of the sixth boring, which 
resulted in the installation of two more borings to a depth of 15 feet to the north and south 
of the UST. Additional soil surveys were recommended for selected areas under the 
building in order to evaluate potential indoor air exposure routes. 

¶ GTEOSI 2005. GTEOSI performed a systematic subsurface soil investigation beneath 
B100 from February to April 2005 (GTEOSI 2005a). The soil borings were advanced to 
30 feet BGS in a triangular sampling pattern. Samples were analyzed for radionuclides, 
PCE, TCE, nickel, and beryllium. Additional investigations performed prior to and 
concurrent with the systematic soil investigation beneath B100 included the following: 

ï A focused sampling effort beneath the building (March through April 2004), which 
involved 19 borings in areas of suspected floor drains, catch basins, historic leach pools 
(LPH) LPH01, -03, -04, -05, and -06 (refer to Figure 1-2), and outside the footprint of 
the historic building. 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 1-14 
Sylvania Feasibility Study_24April2025_Final 
 

ï LPH characterization to identify and delineate contaminants associated with 14 
suspected LPHs beneath the building. 

ï Cell 9 investigation to identify and delineate contaminants that originated from the 
LPHs removed during the remediation in Cell 9, south of B100. 

ï Six additional soil borings were advanced to further delineate the residual halogenated 
solvent contamination in the central portion of B100.  

ï Eight additional borings to further investigate the shallow soils beneath the building.  

ï A 2,500-gallon UST (5 feet in diameter and 15 feet long) was encountered 
approximately 5.5 feet below the bottom of the concrete slab. Approximately 150 
gallons of liquid and 250 gallons of sludge were found in the UST. The UST appeared 
intact without having released contaminants to surrounding soils. The UST could not 
be removed without compromising building integrity, so an emulsifier was added to 
the UST to solidify and immobilize the contents and prevent potential future releases.  

¶ GTEOSI 2005. GTEOSI performed a systematic subsurface soil investigation west of 
B140 and B100 (GTEOSI 2005b) and beneath B140 (GTEOSI 2005c). The soil borings 
were advanced to 30 feet BGS. Samples were analyzed for radionuclides, VOCs, nickel, 
and beryllium. An additional soil investigation was performed to identify and delineate 
contaminants associated with eight LPHs. 

¶ GTEOSI 2005. GTEOSI performed a systematic subsurface soil investigation and 
remediation north of B140 (GTEOSI 2005d). The investigation was focused on surface and 
subsurface soils located between the B140 north wall and the northern 140 Property 
boundary. The soil borings were advanced via hand auger to 8 feet BGS and samples were 
collected every foot. Samples were analyzed for radionuclides, VOCs, nickel, and 
beryllium. A limited excavation to a maximum depth of 5 feet BGS was performed at the 
investigated area and an area of residual nickel contamination was re-excavated. 

¶ GTEOSI 2005. GTEOSI performed a soil investigation to delineate the extent of VOC 
contamination in cells 3, 4, 12, and 14 and the Driving Range Property (GTEOSI 2005e). 
Thirty-five borings were advanced to 64 feet BGS. Fourteen additional borings were 
advanced on the Driving Range Property after the delineation sampling described above to 
assess the potential migration of soil contaminants to the groundwater and describe the 
subsurface soil lithology beneath the former Sylvania property. 

¶ GTEOSI 2005. GTEOSI performed a systematic subsurface soil investigation to delineate 
residual contamination in cell 9 remaining after soil remediation at the former Sylvania 
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property (GTEOSI 2005f). Sixty-four soil borings were advanced to 64 feet BGS in cells 
9 and 8, as well as areas surrounding these cells. Samples were analyzed for uranium, 
thorium, PCE, TCE, and nickel.  

¶ GTEOSI 2006. GTEOSI prepared a report detailing the findings and results of the Phase 
I Soil Remediation in which 14 remedial cells (RCs) were excavated to remove 
contaminated soils (GTEOSI 2006a; Figure 1-3). The soil remediation began in April 2003 
and ended in September 2004. 

¶ GTEOSI 2006. GTEOSI prepared a report on the findings and activities associated with 
the 2,500-gallon UST discovered beneath B100 (GTEOSI 2006b).  

¶ GTEOSI 2007. A multi-phase groundwater investigation was performed to characterize 
the nature and extent of VOCs, nickel, and radionuclides in unsaturated soil and 
groundwater at the 70, 100, and 140 Cantiague Rock Road properties and the surrounding 
properties, including the NCDPW, GI, the Driving Range property, Crown Lift, King 
Kullen, New York Blood Bank, and Waste Management properties (GTEOSI 2007a). This 
investigation consisted of collecting two rounds (October 2002 and March 2003) of 
groundwater samples from 12 existing on-property monitoring wells (MW-1 through 
MW-12 [see Figure 1-4]); collection of depth-specific groundwater samples at 10-foot 
intervals to depths down to more than 500 feet from 55 on-property and RI Study Area 
boring locations between October 2002 and February 2004; and decommissioning of five 
monitoring wells (MW-01, MW-02, MW-05, MW-06, and MW-07) in April 2003.  

¶ GTEOSI 2008 -2009. GTEOSI drilled and sampled three source area groundwater profile 
borings and thirteen downgradient groundwater profile borings under the VCP. Data 
reports were submitted to NYSDEC in January 2008 (GTEOSI 2008a), February 2008 
(GTEOSI 2008b), April 2008 (GTEOSI 2008c), and November 2009 (GTEOSI 2009). 

¶ GTEOSI 2010. GTEOSI collected 149 groundwater samples from seven source area 
GTEOSI wells, four downgradient GTEOSI wells, 36 GI wells, 61 source area and 
downgradient USACE wells, and 41 ports from six Anchor Chem multiport wells in May 
and June 2010 (GTEOSI 2011).  

¶ GTEOSI 2010. GTEOSI collected seven monitoring well samples in November 2010 for 
nickel analysis. (GTEOSI 2011). 
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1.3.4. Previous USACE Investigations  

The following is a summary of the USACE investigations and other response actions performed 
at the former Sylvania property from 2004 to present.  

¶ USACE 2004. USACE held a site visit and meeting with Verizon, Inc. A records search 
and review were performed, which included electronic searches and visits to NYSDEC 
offices and the Hicksville Public Library.  

¶ USACE 2005. USACE prepared a Preliminary Assessment (PA) and met with NYSDEC 
in May 2005. The purpose of the PA was to review readily available information to 
determine the need for further activities by the USACE to ensure protection of human 
health and the environment. USACE determined that there was evidence of a release and/or 
threat of a release into the environment of radiological substances resulting from work 
performed as part of the nationôs early atomic energy program that is not a federally 
permitted release. USACE also determined that there was evidence of a release and/or 
threat of a release into the environment of hazardous substances (chemicals) that is not a 
federally permitted release, although USACE could not determine whether the release was 
attributable to the nationôs early atomic energy program. Considerable licensed work took 
place on the former Sylvania property that involved radioactive materials similar to those 
used in non-licensed work under Contract 1293 and other AEC contracts. Although there 
is a reasonable likelihood that some of the contamination resulted from non-licensed work, 
USACE could not find sufficient geographic segregation of non-licensed and licensed 
activities to state definitely the portions attributable to each. USACE recommended a more 
detailed analysis such as a CERCLA RI to determine which areas should be designated for 
FUSRAP cleanup. 

¶ 2006-2021 USACE Remedial Investigation. USACE performed an RI of the 70 Property, 
100 Property and 140 Property, and of the Cantiague Park Driving Range and other off-
property locations in Hicksville, New York. Investigations performed by USACE were 
used to fill in identified data gaps, confirm GTEOSI data, and build upon the work 
performed by GTEOSI, but not to duplicate their work.  

The RI field activities were conducted by USACE over a ten-year period beginning in 
2006, and comprised four major phases (i.e., Phases I, II, III and IV). Each phase of work 
was conducted in a successive fashion, and the results of each phase of work were reviewed 
by the USACE Project Team to supplement and adjust each future phase of work. The RI 
activities generally consisted of the following: 
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ï Phase I Reconnaissance Surveys ï geophysical surveys, soil gas and indoor air 
sampling, transformer pad surveys, surface radiation surveys (September and 
November 2006). This phase was completed on the 140, 100, and 70 Properties. 
Surface water was not sampled because there are no permanent surface water features 
within the RI study area. 

ï Phase II Soil Investigation ï Phase IIa (May to June 2007) and Phase IIb (October to 
November 2007). Phase II consisted of two subsurface soil investigations and included 
a shallow drilling phase followed by a deeper drilling phase on the 140, 100, and 70 
Properties. The soil investigation at the 70 Property was designed using the Multi-
Agency Radiation Survey and Site Investigation Manual (MARSSIM) approach for 
final status surveys to potentially allow the release of clean areas during the remediation 
stage without the need for additional soil sampling. 

ï Phase III Soil Investigation ï Phase IIIa (October 2008) consisted of a limited soil 
investigation. The study area was expanded to include sampling locations on the 
NCDPW property immediately north of the 140 Property (i.e., hydraulically upgradient 
of the FUSRAP site) and on the Cantiague Park Driving Range property immediately 
east of all three former Sylvania properties. 

ï Phase III Groundwater Investigation ï Phase IIIa (October 2008 to March 2009) and 
Phase IIIb (October 2009 to April 2010). Both groundwater investigations used 
rotosonic drilling and groundwater profiling techniques to depths of 400 feet. Quick 
turnaround off-site laboratory analysis of groundwater profile samples allowed for in-
field decisions regarding the design of the deep monitoring well network.  

ï Phase IV - Off-Property Groundwater Characterization and Floor Drain Investigation 
(June 2011 to April 2016). A fourth phase investigated off-property groundwater 
contamination and included the installation and sampling of both on- and off-property 
monitoring wells. The study area was expanded south of the former Sylvania properties 
to the Hicksville Water District Plant 5 in 2011, then further expanded to south of 
Plant 5 circa 2013. Phase IV off-property investigations were performed in an effort to 
characterize the nature and extent of off-property groundwater contamination 
originating from the former Sylvania properties, determine if groundwater 
contaminants detected in municipal water supply wells (Hicksville Water District Plant 
5 and Bowling Green facilities) were potentially related to the FUSRAP site, and 
collect sufficient data to select remedial alternatives and prepare a Feasibility Study for 
remediation of the FUSRAP site. This phase of the RI also included an investigation of 
the waste drains and septic tanks in B70 to determine waste disposal points on the 70 
Property. 
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The RI was finalized in September 2021. 

USACE 2022 Uranium Mobility Investigation Study. USACE performed a uranium 
mobility study to investigate uranium released from waste streams to soils in various areas 
throughout the site during operations in the 1950s and 1960s. GTEOSI conducted soil 
remediation in 2003 and 2004 that included the partial removal of contaminated site soils 
via 14 remedial cells. Following GTEOSIôs remedial soil excavation activities, uranium-
impacted soils below the former excavation depths remained, mainly within remedial cells 
RC-1 and RC-9. These impacted soils were found to be acting as a source to groundwater 
contamination below and downgradient of these cells during USACEôs remedial 
investigation activities.  

The Uranium Mobility Study was performed to:  

1. Obtain information to inform a geochemical conceptual model (GCM) that 
describes the conditions and processes that are likely controlling uranium mobility.  

2. Assess the presence of other trace metals that have the potential for inadvertent 
mobilization during in-situ manipulation of geochemical conditions that target 
Source Area Properties contaminants.  

3. Assess the geochemical conditions in groundwater that may be influencing metal 
mobility.  

4. Obtain a site-specific uranium distribution coefficient (Kd) within the saturated 
zone to support potential future groundwater fate and transport modeling.  

The Uranium Mobility Investigation Study Report and its findings can be found in its 
entirety in Appendix A. Attempts to obtain a site-specific uranium Kd are ongoing. 

USACE 2022 Soil Vapor Extraction / Air Sparging Pilot Study. USACE performed a 
soil vapor extraction / air sparging (SVE/AS) Pilot Study to determine the effectiveness of 
SVE to remediate PCE-impacted soils in the vadose zone along with the effectiveness of 
air injection (AI) and heated air injection (HAI) enhancement technologies to increase 
contaminant removal. The pilot study was also designed to determine the effectiveness of 
air sparging (AS) to treat shallow groundwater contaminated with PCE and the ability of 
the SVE system to capture and treat the volatilized soil vapor while remediating the source 
area. The study focused on an area along the eastern border of the former Sylvania property, 
behind B100, where PCE was released to site soils. The key objectives of the SVE/AS Pilot 
Study were to: 
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1. Evaluate the viability as remedial technologies at the Source Area Properties. 

2. Determine the optimal parameters for running an SVE system to remediate vadose 
zone soils. 

3. Determine the effectiveness and optimal parameters for AI and HAI to remediate 
vadose zone soils. 

4. Determine the optimal parameters for AS to remediate shallow groundwater. 

The SVE/AS Pilot Study Report can be found in its entirety in Appendix B. 

1.3.5. Current and Future Anticipated Land Use 

Currently for the Source Area Properties the 70 and 140 Properties are zoned industrial, the 100 
Property is zoned commercial, and the Cantiague Park Driving Range is zoned recreational and 
entertainment. Located adjacent to the western FUSRAP site boundary across Cantiague Rock 
Road are commercial-zoned properties (T&P Paper, Crystorama, Lumens, Acme Bus) and a 
public/community services-zoned property (Board of Cooperative Educational Services 
[BOCES]). Adjoining the site to the north is a public/community services-zoned property, 
(NCDPW), while the recreational and entertainment-zoned Cantiague Park is present to the east. 
To the south is an industrial-zoned property (Hercules). South (i.e., downgradient) of the former 
Sylvania property, the land uses are predominantly zoned commercial and industrial until West 
Old Country Road, approximately 0.7 miles away. South of West Old Country Road, zoning is 
primarily residential. The future anticipated land use of the Source Area Properties is as currently 
zoned.  

1.3.6. Geology and Soils 

Four distinct geologic units underlie the Sylvania-Corning FUSRAP site. These units are, from 
shallowest to deepest: glacial deposits composed of the Ronkonoma and/or Harbor Hill glacial 
outwash (Upper Glacial); the Magothy Formation and Matawan Group (Magothy); a clay member 
of the Raritan Formation (Raritan Clay); and the Lloyd Sand Member of the Raritan Formation 
(Lloyd Formation; USGS 1995). 
 
The Soil Survey of Nassau County New York (USDA 1983) indicates that surficial soils at the 
former Sylvania property and within the vicinity of the property are classified as urban land; which 
are defined as areas where 85 percent of the surface is covered with asphalt, concrete, or other 
impervious building material. Urban land soil consists of dark brown to yellowish brown sandy 
loam, silt loam, and gravelly loamy sand up to a depth of approximately 5.0 feet BGS within the 
FUSRAP RI Study Area. 
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Additionally, surficial soils in the downgradient study area include urban land ï Hempstead 
complex, urban land ï Mineola complex, and Hempstead silt loam. The urban land ï Hempstead 
complex consists of urbanized areas and very deep, well drained soils, while the urban land ï 
Mineola complex consists of urbanized areas and very deep, moderately well drained soils. The 
Hempstead silt loam is classified as very deep and well drained (USDA 1983). 
 
There are two pit series found in the downgradient study area: the pits, groundwater recharge series 
and the pits, sand and gravel series. The pits, groundwater recharge series consists of basins used 
for the infiltration of runoff from streets, parking lots, and buildings. This unit acts as reservoirs 
which allow runoff to infiltrate into soil and recharge the groundwater supply. The pits, sands and 
gravel series consist of areas from which sand and gravel have been removed. Permeability is 
mainly very rapid within this series and the water table is observed at various depths (USDA 1983). 
 
According to the Geology and Hydrology of Northeastern Nassau County, New York (Isbister 
1966) the study area is underlain by Upper Glacial Deposits of Upper Pleistocene and is comprised 
of brown, coarse to medium grained sand with minor amounts of fine sand, silt and gravel. The 
Upper Glacial Deposits extend to a depth of approximately 40 to 70 feet BGS within the FUSRAP 
RI Study Area and are underlain by the Magothy Formation. Based on subsurface drilling 
investigations conducted at the former Sylvania property by USACE, the transition from the Upper 
Glacial unit to the Magothy Formation was not distinct and is estimated to occur above 67 feet 
BGS. 
 
The Magothy Formation extends to a depth of approximately 500 to 600 feet BGS within the 
FUSRAP RI Study Area and is composed of unconsolidated medium to fine grain quartzose sand 
with layers and lenses of clay, silt and coarse sand and gravel. The Magothy Formation is estimated 
to be approximately 550 feet thick within the study area and is underlain by the Raritan Formation. 
 
The Raritan Formation, which extends to a depth of approximately 1,100 feet BGS within the 
study area, is subdivided into a Clay member which comprises the uppermost part of the Raritan 
Formation, and the Lloyd Sand member which comprises the lowermost part of the Raritan 
Formation. This Clay member consists of massive silty clays with few lenses of sand and lignite 
and is approximately 200 feet thick. The Lloyd Sand member consists of coarse to fine grained 
sand and gravel commonly within a clayey matrix and forms the Lloyd aquifer. The Lloyd aquifer 
is the lowermost principal aquifer beneath Long Island. 
 
The bedrock, which underlies the Raritan Formation, is Precambrian to lower Paleozoic in age and 
predominantly consists of schist and gneiss with igneous intrusions. The bedrock is known to have 
some fractures; however, the fractures are not considered significant within the regional 
hydrogeology due to the relatively low fracture permeability when compared to the unconsolidated 
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deposits (USACE 2005). A general FUSRAP RI study area stratigraphy is presented as Figure 1-5. 
Detailed geological descriptions of the soil cores described within this FS were included as 
Appendix D of the RI Report (USACE 2021a). 
 
During the SVE/AS Pilot and Uranium Mobility Studies, lithology of the source areas was 
primarily medium-grained sand consisting of a range of coloration that included yellowish pale 
brown, pale brown, dark brown, reddish brown, and light tan. The soil consisted of some finer 
grains in the shallower subsurface (0 to approximately 25 feet BGS corresponding to fill material 
utilized following GTEOSI soil removal activities) and also at and around the silt layer. The silt 
layer was pale brownish tan or reddish brown in color. The silt layer, when present, rested between 
52 to 56.4 feet BGS. The silt ranged in thickness from not present at uranium soil boring (USB)-03 
to about 3 feet thick at USB-01 and USB-02 and 4 feet thick at AI-L and VMP-L1. At USB-04, a 
silt layer thickness of only about 0.5 feet was logged. The silt layer identified at SVE-L was one 
foot thick occurring between 54.6 to 55.6 BGS. The SVE/AS Pilot Study Report Figure 2-1 in 
Appendix B shows USB, AI, and VMP well locations. 
 
Soil boring logs are included in the SVE/AS Pilot and Uranium Mobility Study Reports included 
as Appendix A and B, respectively. SVE/AS Pilot Study Report Figure 2-2 depicts the silt layer 
thickness as encountered at the Pilot Study borings. 
 

1.3.7. Hydrogeology 

The principal drinking water source for the FUSRAP site lies within the Nassau-Suffolk Aquifer 
System, which is made up of the aquifers, from the shallowest to the deepest, the Upper Glacial, 
the Magothy, and the Lloyd. These aquifers meet the technical requirements for sole source aquifer 
designation, and are classified by New York State as GA, fresh groundwater with the best usage 
as a source of potable water supply. A sole source aquifer is defined as an aquifer system that 
supplies more than 50% of the drinking water for the aquifer service area (USEPA 1975). The sole 
source aquifer designation helps to protect drinking water supplies since there are few or no 
alternative sources to the groundwater resources. 
 
Groundwater elevation contours generated from water level measurements collected during RI 
activities indicate that the groundwater table is primarily within the Magothy Formation containing 
the Magothy Aquifer near the former Sylvania property and includes the Upper Glacial Aquifer in 
southern parts of the FUSRAP RI Study Area. The Magothy Formation is the largest of Long 
Islandôs aquifers. Hydraulic conductivity for the Magothy Formation (based on aquifer tests of 
permeable portions of the aquifer) ranges from 200 gallons per day per square foot (gpd/ft2) to 
1,100 gpd/ft2, with an average of 500 gpd/ft2, or approximately 27 feet per day (ft/d) to 150 ft/d, 
with an average of 67 ft/d. The horizontal hydraulic gradient in shallow portions of the Magothy 
can range from 0.0001 to 0.001 feet per foot (ft/ft). However, the hydraulic gradient can be affected 
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by hydraulic stresses such as local pumping, recharge basins, and remediation systems (Busciolano 
et al. 1998). 
 
The depth of the groundwater table has fluctuated through the course of investigations but was 
high during the SVE/AS Pilot and Uranium Mobility Studies. The average groundwater elevation 
beneath the former Sylvania property in April 2009 was between 80 and 81 feet above mean sea 
level (AMSL) and between 76.5 to 77 feet AMSL in May 2015. The groundwater table was 
typically encountered at depths ranging from approximately 61 to 68 feet BGS beneath the former 
Sylvania property and as near to surface as 35.47 feet BGS in MW-215-510, the most 
downgradient (southernmost) well. Note that the overall hydraulic gradient is relatively flat along 
the entire downgradient groundwater contamination axis as ground elevation decreases about 45 
feet between the FUSRAP site and this southernmost well. Groundwater elevation data measured 
on May 5 and 6, 2015 indicated that the direction of groundwater flow in the shallow, intermediate, 
and deep portions of the aquifer were generally to the south-southwest.  
 
Groundwater level measurements in 2017 had recorded groundwater depths at 71 feet BGS in the 
vicinity of the pilot study at monitoring well MW-22S-80, MW-22I-150, and MW-22D-315 
(USACE 2021b); these same wells had an average depth to groundwater of 64 feet BGS during 
the SVE/AS Pilot Study.  
 
The horizontal hydraulic gradient at the FUSRAP site was observed to be very low, and is 
approximately 0.0019 ft/ft, based on data collected from three sets of well pairs across the 
investigation area (MW-13D-300 and MW-203-440; MW-15DD-370 and MW-213-570; and 
MW-211-455 and MW-217-490) measured in Spring 2015. The RI (USACE 2021a) presented a 
summary of the groundwater elevations measured in the RI study area between 2012 and 2016. 
Figures 1-6 and 1-7 show the locations of the groundwater monitoring wells. 
 
Stormwater at the former Sylvania property is collected in on-property drywells and/or leach pools, 
which allow for infiltration through unsaturated soils into the underlying aquifer. These historic 
structures are shown on Figure 1-2. Build-up of stormwater in these devices may intermittently 
cause mounding of the water table. This phenomenon was observed in 2009 where the water table 
was much higher in monitoring well MW-19S-80 than in nearby monitoring well MW-17S-75. 
Monitoring well MW-19S-80 is located directly beneath a series of drywells which collects much 
of the stormwater accumulated on the 140 and 100 Properties while monitoring well MW-17S-75 
is located beneath the remaining foundation of B140.  
 
Precipitation data obtained from the National Oceanic and Atmospheric Administration (NOAA) 
Western Regional Climate Center (Western RCC 2016) from the climate center in Mineola, New 
York, from 1938 to 2009 was used to calculate the approximate amount of on-property infiltration 
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into the aquifer. The average annual precipitation is 44.68 inches. Assuming 30% loss to 
evaporation and no water escaping off-property, on-property drywells could collect and allow 
approximately 740,000 gallons per month (9,000,000 gallons per year) to infiltrate through 
unsaturated soils at the former Sylvania property. This collection of water could cause intermittent 
mounding of the water table on the FUSRAP property and surrounding area. 
 

1.3.8. Surface Water and Floodplain 

The Federal Emergency Management Agency (FEMA) delineates the regulatory 100-year and 
500-year floodplain for use in the National Flood Insurance Program. Based on a review of these 
floodplain maps, the Source Area Properties are not located within a 100-year or 500-year 
floodplain (FEMA 2015). 
 
Stormwater within Nassau County is discharged to the surface waters of the U.S. and to the 
groundwater. Historically (prior to 1940), stormwater was directed to surrounding surface waters 
using existing topography. In 1953, Ordinance Number 157 was adopted by the County which 
required stormwater to remain on-property. The on-property storage of this stormwater was 
achieved by the installation of drywells, recharge basins, and/or drainage reserved areas. 
 
There are no surface waters on or near the former Sylvania property. The majority of the former 
Sylvania property surface is currently paved, with the exception of areas (predominantly on the 
southern and eastern side of the 100 Property) which have been excavated during former GTEOSI 
removal activities, backfilled with clean fill, and restored with a gravel surface. The area east of 
former B140 is mostly asphalt which was laid in order to store sheet pile following the GTEOSI 
removal activities. The site topography is relatively flat except for man-made earthen berms 
located on the east property boundary near B100. The only vegetation on-property are weeds, 
volunteer trees, and a few areas of ornamental landscaping. Based on a site survey, the elevation 
is approximately 141 to 145 feet above mean sea level. The entire study area gently slopes to the 
south, which coincides with the predominant direction of groundwater flow. Additionally, there is 
about a 40- to 45-foot difference in elevation between the former Sylvania property and the 
southernmost downgradient well (MW-215-395), located approximately 2 miles south of the 
property. Surface runoff is not considered a pathway for off-property migration of contaminants. 
Virtually all stormwater collected at the 140, 100 and 70 Properties is directed into numerous on-
property drywells and/or leach pools which allow for infiltration of stormwater into subsurface 
soils and the underlying aquifer. 
 

1.3.9. Wetlands 

According to the U.S. Fish and Wildlife Service (USFWS) National Wetlands Mapper (USFWS 
2015), no wetlands are present at the Source Area Properties. However, freshwater emergent 
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wetlands are present approximately 2,700 feet south of the former Sylvania property. The RI 
determined that ñwetlands, streams, or other habitatsò within the RI study area would not be 
affected by contaminants in groundwater. 
 

1.3.10. Climate and Meteorology 

Meteorological data was obtained from the NOAA Northeast Regional Climate Center (Northeast 
RCC 2022). Based on records collected from the climate center at the Farmingdale Republic 
Airport, Farmingdale, Nassau County, New York, from 2000 to 2022, the average temperatures 
for January and July are 31.8ÁF and 75.8ÁF, respectively, while the average annual precipitation is 
approximately 38.88 inches. The climate of the region is representative of the humid area of the 
northeastern United States, with mild summers and cold, not commonly severe winters. The humid 
climate is controlled primarily by the prevailing westerly winds, causing most weather systems to 
approach from the continental United States. Temperature extremes tend to be subdued by the 
proximity of the Atlantic Ocean (Isbister 1966). Precipitation either recharges Long Islandôs 
groundwater resource or is lost through direct runoff or evapotranspiration (Peterson 1988).  
 

1.3.11. Ecology 

In March 2015, the New York Natural Heritage Program (NYNHP) was contacted for information 
on species listed as endangered, threatened, or of special concern in New York State which may 
be present in the vicinity of the FUSRAP site. A copy of the letter received from the NYNHP was 
included in Appendix E of the RI Report (USACE 2021a). The RI determined that no threatened 
or endangered species would be expected to use the FUSRAP site because it does not provide 
suitable habitat for the listed species. 

 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 2-1 
Sylvania Feasibility Study_24April2025_Final 
 

2.0 NATURE AND EXTENT OF FUSRAP CONTAMINATION 

The nature and extent of FUSRAP-contaminated material was investigated during the USACE RI 
using previous characterization and site investigation data and supplementing it with additional 
investigation to address data gaps. Soil and groundwater contamination at the site was assessed in 
the RI from data obtained during investigations performed from 1987 through 2016. Data sources 
from the environmental investigations conducted prior to 1987 and from areas removed during 
remedial efforts conducted in 2003 and 2004, were incorporated into the RI qualitatively to 
describe FUSRAP site history and aid in source identification. Previous site investigations and 
remedial actions were summarized in Section 1 of this report. 
 
This section presents the COCs, summary of COC locations, and conceptual model describing 
chemical sources and migration pathways at the FUSRAP site, followed by a discussion of the fate 
and transport characteristics of selected contaminants, with an emphasis on their environmental 
persistence and mobility. This section also presents updates to the groundwater model and a 
summary of the baseline risk assessment presented in the RI. This FS addresses the Source Area 
Properties; therefore, only the nature and extent of FUSRAP contamination associated with the 
Source Area Properties is presented in this section.  
 
2.1. Contaminants of Concern 

As previously mentioned, USACEôs cleanup authority for the FUSRAP project is limited by 
CERCLA and applicable Energy and Water Development Appropriations Acts to FUSRAP waste 
(hazardous substances, pollutants, and contaminants) that resulted from work performed as part of 
the nationôs early atomic energy program. USACE followed the CERCLA Risk Assessment 
process to identify contaminants of potential concern (COPCs) and subsequently reviewed site 
documents to refine which COPCs are related to the Nationôs Early Atomic Energy Program. 
Based on this, nickel, uranium, and PCE were identified as FUSRAP contaminants and are the 
focus of this report. The determination of FUSRAP COPCs is detailed in Section 5.1 of the RI 
report (USACE 2021a). Hazardous substances, pollutants and contaminants that are not FUSRAP 
wastes were detected at the former Sylvania property. Some of these constituents were not from 
the early atomic energy program-related activities but were from other site activities, some (in 
groundwater) were from upgradient sources, and some were the result of degradation of the organic 
constituents. These constituents do not contribute significant risk at the former Sylvania properties 
based on the BLRA; therefore, the RI was conducted to focus on FUSRAP materials and was not 
intended to provide an assessment of other potential hazardous contamination at the FUSRAP site. 
These historical samples were not used to define the nature and extent of contamination as part of 
the RI. The discussion regarding the nature and extent for this FS has been limited to focus on the 
portions of the FUSRAP site that were recommended for further evaluation in the RI. Accordingly, 
chemical (organic and inorganic) data collected during recent and historical investigations 
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included in support of site characterization for this FS are limited to those determined to be 
associated with FUSRAP-related activities and material.  
 
According to the human health risk assessment (HHRA) conducted as part of the USACE RI, 
under current site conditions (i.e., no remedial actions are performed), the FUSRAP COPCs in the 
Source Area Properties indoor air, soil vapor, and soils are not expected to pose cancer risks greater 
than generally acceptable levels defined in CERCLA. Generally acceptable exposures are those 
that result in cancer risk estimates less than one in ten thousand (1E-04) to one in one million 
(1E-06), or a non-cancer hazard index of less than 1 (USEPA 1991). The HHRA determined that 
the total cancer risks for the Source Area Properties indoor air, soil vapor, and soils were within 
the acceptable risk range for all receptors in all scenarios analyzed in the HHRA. Groundwater 
was found to exceed acceptable levels of risk. The Source Area Properties scenarios investigated 
in the HHRA are summarized in Section 2.6. 
 
Downgradient groundwater impacts are not addressed in this FS since USACE is coordinating 
separately with the USEPA on the downgradient groundwater contamination associated with the 
FUSRAP site. This FS focuses on Source Area Propertiesô groundwater and soil that may 
contribute to Source Area Propertiesô groundwater contamination. 
 
Several COPCs (metals, organic compounds, and radionuclides) were detected in the various 
sample media (indoor air, soil vapor, subsurface soils, and groundwater) tested at the FUSRAP 
site and evaluated in the HHRA; however, based on the HHRA findings summarized in Section 
2.6, uranium, nickel and PCE were identified as FUSRAP COCs.  
 
The COCs have been detected above risk-based concentrations (RBCs) in Source Area Propertiesô 
groundwater. RBCs are concentrations, which, if not exceeded, would not be expected to result in 
adverse health effects on individuals contacting the soil, using the groundwater as drinking water, 
or breathing the air in the on-property buildings.  

2.2. Summary of Source Area Propertiesô COC Locations 

The following sections present a summary of the nature and extent of COC contamination in soils 
and groundwater for the former Sylvania property and adjacent areas. During the RI activities, the 
properties at 70, 100 and 140 Cantiague Rock Road were occupied by buildings identified herein 
as B70, B100 and B140, respectively. As of summer 2016, B70 and B140 had been demolished, 
with only their respective concrete slab foundations remaining. At the time of this writing, B100 
is still standing at the former Sylvania property. A more in-depth characterization of soil and 
groundwater contamination is provided in the RI report (USACE 2021a). 
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2.2.1. Uranium 

The primary source of uranium to the aquifer is located on the eastern side of the 140 Property at 
the former Recharge Basin/Sump #3, where residual uranium is present beneath remedial cell 
RC-1 at depths greater than 25 feet BGS at concentrations up to 180 pCi/g. The uranium source 
has been identified within the vadose zone soils and beneath the groundwater interface in this 
location so that both the vadose zone soils and the soils in contact with groundwater act as a 
continuing source. This area of groundwater contamination (plume) migrates in a south-
southeasterly direction towards the adjacent Cantiague Park Driving Range Property. While the 
source area impacts appear to be increasing (i.e., concentrations beneath the source area at RC-1 
have increased), the groundwater plume has remained stable. Vertical migration has also been 
identified for this plume, but it is limited to the source area. Figure 1-3 depicts RC locations and 
Figure 2-1 shows the site features described above and the approximate area of uranium 
contamination in soil beneath RC-1 suspected of contributing to groundwater contamination.  

A smaller source of uranium groundwater impacts emanates from the south-central portion of the 
100 Property (beneath remedial cell RC-9). The dissolved-phase uranium impacts from this area 
are stable and have not migrated from the source area. Figure 1-3 depicts RC locations and Figure 
2-1 shows the approximate area of uranium contamination in soil beneath RC-9 suspected of 
contributing to groundwater contamination. 

Neither uranium plume has been detected south of the Source Area Properties. Figure 2-1 depicts 
the site features described above along with the Source Area Propertiesô uranium plumes above 30 
Õg/L and uranium contamination in the soil interval from 0 to 64 feet BGS suspected of 
contributing to groundwater contamination. 

2.2.2. Nickel 

The primary source of nickel is on the south-central side of the 100 Property, where elevated 
concentrations of nickel (up to 1,100 milligrams per kilogram [mg/kg]) remain beneath remedial 
cell RC-9 and the surrounding area. The nickel groundwater plume migrates southwards onto the 
adjacent GI property; but does not appear to extend as far as W. John Street, located 600 feet to 
the south. Figure 1-3 depicts RC locations and Figure 2-2 depicts the on-property nickel plume 
above 100 Õg/L and nickel contamination in the soil interval from 0 to 64 feet BGS suspected of 
contributing to groundwater contamination. 

2.2.3. PCE 

The primary PCE source is on the eastern side of the 100 Property and was a release point for spent 
solvents (this is the location where the 2022 Pilot Study activities were performed). A 16-foot-
deep brick structure and a drywell were identified in the northeast corner of remedial cell RC-4, 
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from where the contaminants appear to have emanated (see Figure 1-3 for RC locations and 
Figure 2-3 for PCE contamination in the soil interval from 0 to 64 feet BGS). Elevated 
concentrations of PCE were detected in soil after remediation. A thin lens of laminated silty clay 
was also found in the area of RC-4 at approximately 53-54 feet BGS, which appears to have 
partially impeded the flow of the residual material, forcing it to spread out laterally. This area 
remains unpaved and is believed to be a continuing source of groundwater contamination. 
Additional information on this area can be found in the Pilot Study Report in Appendix B.  

There are other minor sources of PCE contamination in soils on the 140 and 100 Property (from 
former leach pools and a former leaking underground storage tank) that likely have minimal 
contributions to groundwater contamination due to their presence beneath B140 and B100. These 
areas represent residual contamination since the former sources are no longer present or in use. 
The areas are depicted on Figure 2-3 for PCE contamination in the soil interval from 0 to 64 feet 
BGS suspected of contributing to groundwater contamination. 

There are two other minor sources of PCE contamination on the 70 Property: 1) the former septic 
system that contains residual PCE and formerly released dissolved PCE via wastewater discharge 
to cesspool CPH-1; and 2) the former drum burial area located near former Recharge Basin/Sump 
#4 at the eastern end of the 70 Property. These areas would represent residual contamination since 
the former sources are either no longer in use (septic system) or present (drum disposal area). Note 
that there are no identified soil impacts remaining beneath these areas. 

Three areas of downgradient groundwater contamination, the FUSRAP Eastern Plume, FUSRAP 
Central Plume, and FUSRAP Western Plume have been identified as originating from the 
FUSRAP site. Discharges of contaminants started in the early 1950s and ceased in the mid-1960s, 
which left residual source material in the subsurface. Due to exposure of this material to 
intermittent periods of infiltration following precipitation events, intermittent ñslugsò of 
contamination have been detected in the aquifer between the former Sylvania property and the 
downgradient extent of the PCE contamination. Figure 2-3 depicts the Source Area Properties and 
immediately downgradient eastern, central, and western PCE plumes. Note that the eastern and 
central plumes have become commingled and now have the appearance of a single plume on Figure 
2-3. Figure 2-3 depicts the Source Area Propertiesô PCE plume above 5 Õg/L and PCE 
contamination in the soil interval from 0 to 64 feet BGS suspected of contributing to groundwater 
contamination.  

The PCE plume has been detected from the water table surface near source areas as deep as 290 
feet BGS at the southern boundary of the 70 Property as groundwater moves downgradient of the 
Source Area Properties.  
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2.3. Conceptual Site Model 

During past site operations, contamination of site soils resulted from discharges into the property 
recharge basins/sumps, surface spills, leaking underground storage tanks, leaking underground 
pipes used to transport liquids throughout the former Sylvania property, drum burial and leakage, 
discharges to leach pools/drywells, and poor waste handling/disposal practices common for the 
time period. Contamination may have further been spread because of demolition of historic 
Buildings 1 and 2 and construction of B140 (recently demolished), B100, and the addition of the 
easternmost portion of B70 (recently demolished). Affected media includes air, soil, and 
groundwater. Chemicals released to site soils migrated through the air in the form of fugitive dust, 
evaporated through burning of wastes, and/or volatilization; migration to groundwater; and/or 
remained in the soil profile, as shown in the conceptual site model, Figure 2-4. Surface waters are 
not present at the site, and stormwater is collected into drywells and infiltrated into subsurface 
soils at the former Sylvania property.  
 
The key question in the fate and transport of contaminants at the FUSRAP site is whether they 
may be expected to migrate to the air, remain in the soil profile, or migrate to groundwater, where 
further transport will occur. The answer varies by chemical, depending on the chemicalôs intrinsic 
properties (e.g., water solubility, vapor pressure, soil-water partition coefficient, adsorption 
properties, etc.) and site-specific circumstances (pH conditions, oxidizing/reducing environments, 
soil permeability, release mechanism, etc.). For example, VOCs typically evaporate to the air 
and/or are transported to groundwater as a result of their high volatility and water solubility. 
However, VOCs may persist depending upon the availability of gas exchange between the 
atmosphere and site soils. 
 
No operations are currently ongoing at the former Sylvania property; therefore, chemicals are no 
longer being used or stored on the property. Three possible routes were evaluated at the FUSRAP 
site for their potential to transport COCs from on-property soils to other environmental media such 
as groundwater, air, and other on-property soils. These potential routes are dependent on the 
geochemical conditions of each COC and include:  
 

¶ Migration of COC vapors from water via volatilization. 

¶ Leaching of residual COCs from the soil vadose zone to groundwater during 
infiltration of precipitation. 

¶ Ability of COCs to remain in the soil profile.  

As depicted in Figure 2-4, further transport of contaminants associated with the FUSRAP site is 
limited to groundwater carrying the dissolved phase contaminants. The vapor intrusion pathway 
was evaluated during the RI and screening performed in the HHRA found that indoor air 
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concentrations measured from within B100 did not exceed USEPA Regional Screening Levels 
(RSLs). Two of the three on-property buildings (B70 and B140) were not screened since they had 
been demolished when the HHRA screening was performed. B100 is now in disrepair and no 
longer has sealed windows or doors. Even though this building could be renovated, or future 
buildings constructed, USACE does not estimate hypothetical vapor intrusion scenarios due to 
differing building materials, interior wall layout, heating and ventilation configuration, and other 
building options that will affect results.  
 
The vapor intrusion pathway is eliminated as groundwater flows south beyond the former Sylvania 
property boundary due to the downward gradient of the groundwater, which carries dissolved 
phase contaminants deeper into the aquifer with distance from the release point and creates a clean 
water lens above the contaminants. This clean water lens creates a buffer and reduces the potential 
for volatilization of contaminants from migrating upwards and adversely affecting human 
receptors. Figure 2-4 also depicts contaminants in groundwater emanating from the former 
Sylvania property and coming from multiple up-gradient and side-gradient sources and 
commingling with the contamination from the former Sylvania property. This commingled 
contamination in groundwater is being transported southerly downgradient including to Hicksville 
Water District Plant 5 wells that are used for supply of drinking water to the public. 
 
2.4. COC Fate and Transport 

The following sections describe the fate and transport of COCs in various media based on review 
of the analytical data with respect to the geochemical conceptual site model (CSM). 
 

2.4.1. Uranium 

Uranium is a naturally occurring radioactive element that is present in nearly all rocks and soils. 
In United States soils, natural uranium is found at an average concentration of 3 mg/kg (2 pCi/g). 
Uranium may undergo oxidation-reduction reactions or microbial reactions to alter its chemical 
form, but radioactive decay is the only mechanism that reduces its radioactivity. The three natural 
uranium isotopes, U-234, U-235, and U-238, have long half-lives (240 thousand years, 700 million 
years, and 4.5 billion years, respectively) (ATSDR 1999). Thus, except for processes involving 
migration from one medium to another, uranium is considered persistent. Uranium may be present 
on the FUSRAP site due to the handling of natural, enriched, and depleted uranium for the 
production of different kinds of fuel elements for various reactors, and the use of non-worked 
uranium natural metal for the construction of and/or research related to nuclear elements (USACE 
2005). During historical site investigations, residual liquids found in USTs and residual material 
in underground pipes were found to be contaminated with uranium (GTEOSI 2006a).  
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The redox state of uranium is an important determinant of its mobility. Uranium(VI) is soluble in 
oxidizing environments and may leach to groundwater, while uranium(IV) is relatively insoluble. 
Other factors affecting uranium migration include soil porosity and particle size, pH, ligand 
(carbonate, fluoride, sulfate, phosphate, and dissolved organic carbon) concentrations, the 
concentrations of minerals containing oxides of aluminum and iron, and the uranium concentration 
(USEPA 1999). Reduction of uranium(VI) to uranium(IV) can occur as a result of microbial 
action. Certain microbes (e.g., Thiobacillus ferrooxidans, which is ubiquitous in the environment) 
can facilitate the oxidation of Fe2+ to Fe3+, which can, in turn, facilitate the conversion of insoluble 
uranium dioxide (UO2[s]) to soluble UO2

2+ ions. This reaction has been shown to enhance the 
leaching of uranium from waste streams (Anderson and Lovley 2002). 
 
The retention of uranium by soils may be due to adsorption on mineral surfaces (especially clay 
and iron oxide), complexation, precipitation, and partitioning into organic matter (USEPA 1999). 
In general, uranium adsorption by soils and single-mineral phases in carbonate-containing aqueous 
solutions reaches a maximum in the pH range of 5 to 8. At pH below 5 or above 8, uranium 
adsorption is lower (USEPA 1999).  
 
The Uranium Mobility Study found that uranium was predominantly in the form of Uranium (VI), 
which is soluble and therefore potentially leachable to groundwater. Given that soils at the 
FUSRAP site are sandy, usually dry, and well oxidized, uranium found in the oxidized form is as 
would be expected to occur in this environment. Hence, uranium would be considered persistent 
in site soils and have a capacity to migrate to groundwater. Once dissolved in groundwater, 
uranium can remain dissolved or form solid precipitates, depending on the pH; redox potential; 
concentrations of anions, oxide minerals, and organic materials; and the presence of specific types 
of bacteria (USEPA 1999). The available monitoring well data indicates that groundwater beneath 
the FUSRAP site in many areas is aerobic; this supports the Uranium Mobility Study findings that 
uranium in groundwater is present in the oxidized form, which is soluble and therefore, potentially 
mobile. Additional information on uranium fate and transport can be found in Appendix A. 
 

2.4.2. Nickel 

The concentrations of nickel in most soils in North America typically range from 4 to 80 mg/kg 
(ATSDR 2005). Nickel is a transition metal that exhibits a mixture of ferrous and nonferrous metal 
properties. It is both a siderophile (i.e., associates with iron) and chalcophile (i.e., associates with 
sulfur) and occurs primarily as oxides or sulfides in nature. Various nickel compounds have 
markedly different physicochemical characteristics and availability to biota; therefore, their 
solubility and mobility in the environment will vary greatly. Metallic nickel is not very soluble in 
water; nickel in most natural waters occurs at concentrations of less than 10 Õg/L (ATSDR 2005). 
Nickel in soils is thought to be strongly associated with iron and manganese oxides and organic 
matter (Kabata-Pendias and Pendias 1992). Nickel is most mobile in organic-rich soils because it 
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forms soluble complexes with humic and fulvic acids. When not completely chelated, other nickel 
species may occur in soil solution, including Ni2+, NiOH+, and NiO2

-. Ni2+ is relatively stable in 
solution and capable of migrating (Kabata-Pendias and Pendias 1992). Based on this information, 
nickel is likely to persist in soils at the FUSRAP site and have a limited capacity to migrate to 
groundwater. In groundwater at the FUSRAP site, low levels of inorganic nickel species are 
present and will be transported with groundwater flow. 
 

2.4.3. PCE 

PCE is a colorless, nonflammable, halogenated organic compound. It is a liquid at room 
temperature, evaporates easily into the air, is an excellent solvent for organic compounds, is highly 
stable, and has a sharp, sweet odor. PCE is soluble in water and is denser than water (specific 
gravity of 1.62). PCE volatilizes rapidly to the atmosphere from water and soil, as predicted by the 
Henryôs law constant. Once in the atmosphere, this chemical is expected to degrade photo-
chemically in 5 to 7 days. Sorption and release from soils is dependent upon organic matter content, 
temperature, saturation, and salinity. PCE can leach rapidly through sandy soil and, therefore, can 
reach groundwater (ATSDR 1997). In soils, it can reside in a liquid phase in pore spaces where 
the capillary pressure is strong enough to prevent it from flowing.  
 
PCE is likely to have multiple fate and transport mechanisms at the FUSRAP site, including 
volatilizing to the atmosphere and degrading, volatilizing to air contained within spaces between 
soil grains (soil gas), leaching to groundwater, and persistence in soil. Persistence in soils occurs 
in areas where gaseous exchange with the atmosphere is limited (e.g., at greater depths; beneath 
concrete/asphalt surfaces, etc.). Also, the potential for leaching of PCE from soils to groundwater 
is greatly reduced beneath concrete pads or asphalt surfaces where infiltration of stormwater is 
prevented. Thus, the presence of concrete pads and asphalt surfaces may increase the persistence 
of PCE in site soils. PCE in soils at the FUSRAP site likely exists as a gas in soil pore spaces 
and/or liquid adsorbed to soil particles. Concentrations of PCE in the gaseous phase can build up 
beneath concrete surfaces, migrate through cracks and pore spaces, and concentrate in indoor air 
environments. PCE has a relatively high water solubility (400 mg/L; Smith et al. 1988); therefore, 
transport with groundwater in dissolved form can be significant. PCE that reaches groundwater 
beneath the FUSRAP site likely exists in both dissolved phase and/or liquid form bound to sand, 
gravel, and other solids in contact with groundwater. Once dissolved in groundwater, PCE is 
expected to persist and generally be transported with groundwater in the direction of flow. Some 
loss to volatilization from groundwater is expected. Microbial degradation (e.g., by dehalobactor, 
dehalococcoides) through reductive dechlorination is a process that naturally degrades PCE 
through a series of steps to an end product of ethene in soil and groundwater.  
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2.5. Groundwater Model 

A three-dimensional (3D) numerical groundwater flow and transport model was prepared for the 
FUSRAP site to provide insight into groundwater flow dynamics and transport of site-related 
contaminants in groundwater in the area. The details of the model construction, calibration, and 
verification are provided in the USACEôs September 2021 ñGroundwater Flow and Transport 
Model Reportò in Appendix K of the RI. The model reasonably approximates groundwater flow 
and existing contaminant concentrations and can be used in evaluation of remedial options (on-
property as well as downgradient). During the FS development process, the model grids were 
further refined in the areas of interest from a 100-foot x 100-foot grid to a 50-foot x 50-foot grid, 
vertical layers were added to better delineate the vertical extent of contamination, historic release 
points were refined, and source loading and locations were modified to better reflect the historic 
releases of contamination at the site. The modeling effort provided additional basis to simulate the 
downgradient groundwater contamination attributable to historical operations at the Sylvania 
Corning FUSRAP Site. Appendix C further summarizes the changes made during this effort. 

2.6. Baseline Risk Assessment 

The BLRA presented in the RI (USACE 2021a) included an HHRA and a qualitative Ecological 
Risk Assessment (ERA). The BLRA presented an evaluation of the potential for adverse human 
health and ecological effects associated with exposure to chemicals and radionuclides detected in 
environmental samples collected from the Sylvania RI Study Area. The HHRA quantitatively 
evaluated risk for current and potential future populations that may use the former Sylvania 
property under six different exposure scenarios including exposure to site soils and use of 
groundwater beneath and downgradient of the property as a drinking water source. The ERA 
assessed potential ecological risks associated with any chemical and radiological contamination at 
the former Sylvania property. This FS looks at those scenarios pertaining to the former Sylvania 
property and Source Area Propertiesô FUSRAP COCs only. 
 

2.6.1. Risk Characterization Summary 

Quantitative estimates of potential risks to human health posed by the FUSRAP COPCs at the 
Source Area Properties were calculated and compared to benchmarks for acceptable risks. 
Generally acceptable exposure levels for known or suspected carcinogens are those that result in 
cancer risk estimates less than 1E-04 to 1E-06, or a non-cancer hazard index of less than 1 (USEPA 
1991). 

Indoor Air 

The volatile contaminants in indoor air at the former Sylvania property are not expected to pose 
cancer risks greater than the cancer risk range of 10-4 to 10-6 or noncancer hazards greater than a 
hazard index (HI) of 1 under current or substantially similar future site conditions.  
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Soil 

Chemical and radiological contaminants in shallow and near-surface soil at the former Sylvania 
property are not expected to pose cancer risks greater than the cancer risk range of 10-4 to 10-6 or 
noncancer hazards greater than an HI of 1 to site users under current or substantially similar future 
site conditions.  

Groundwater 

The use of untreated groundwater as tap water was evaluated to determine risks associated with 
exposure. Currently, there are no known users withdrawing groundwater for potable use without 
treatment within the RI study area. The Hicksville Water District is treating the public water supply 
prior to distribution to remove contaminants present at the wellhead. Nevertheless, the 
groundwater is fresh and is classified by NYSDEC as GA: the best potential use of GA class waters 
is as a drinking water source. Untreated groundwater data was used to determine risk associated 
with using it as a potable source. The potential use of untreated groundwater as tap water at the 
Source Area Properties would pose cancer risks and/or noncancer hazards for the following group 
of receptors:  

¶ Potential future Source Area Properties construction/industrial workers; with PCE and 
uranium driving the risks; 

Source area risks for potential use of untreated groundwater exceeded background risks for all 
scenarios, but background risks did not exceed the acceptable risk or hazard range. Note that for 
the purposes of risk assessment, the industrial workers scenario is equivalent to the commercial 
worker scenario. 

Along with uranium and PCE, nickel has been retained as a FUSRAP COC since nickel combined 
with uranium and PCE has a hazard index of 88.1, has a hazard quotient (HQ) of 0.84, and is 
present in groundwater at concentrations significantly above the NY State maximum contaminant 
level (MCL). OSWER Directive 9355.0-30 (USEPA 1991) states that achieving chemical-specific 
standards deemed sufficiently protective, such as MCLs, are another means for determining 
whether conditions are sufficiently protective to warrant remedial action. Thus, the full list of 
FUSRAP COCs identified for the Source Area Properties include uranium, nickel, and PCE. 

2.6.2. Ecological Risk Assessment 

In its current condition, the former Sylvania property is an industrial/commercial area with little 
or no wildlife habitat, and the property is not expected to be useful for ecological purposes in the 
future. Therefore, a quantitative ERA was determined to be unnecessary. The qualitative 
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evaluation determined that no adverse impacts on ecological receptors and/or habitats on the 
former Sylvania property are expected.  
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3.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES 

Section 3.0 describes the development and screening of technologies recommended for the 
response action at the FUSRAP site. This section also presents the ARARs, RAOs, and GRAs that 
support the initial development and screening of remedial action technologies and process options 
for the FUSRAP site. The result is the development of the range of options to be considered further 
or grouped together into potential remedial alternatives. 
 
The purpose of the screening process is to identify a range of appropriate remedial action 
technologies and management options that can be used to develop remedial alternatives capable 
of reducing the risks to human health and the environment at the FUSRAP site to acceptable levels. 
USEPAôs Guidance for Conducting Remedial Investigations and Feasibility Studies under 
CERCLA (USEPA 1988) has established a structured process to identify and screen relevant 
technologies and process options that is the basis of this FS.  
 
The screening process proceeds through a series of steps designed to reduce and/or combine 
available potential technologies and process options into viable alternatives from which a final 
remedy may be selected. This development process involves: 
 

¶ Identifying RAOs specific to the contaminated environmental media and COCs 
(Section 3.1); 

¶ Developing ARARs (Section 3.2); 

¶ Identifying regulatory considerations and assumptions not considered ARARs that 
may impact alternative development and remedial design (Section 3.3);  

¶ Specifying the proposed cleanup levels (Section 3.4); 

¶ Identifying GRAs that are likely to attain the RAOs for the FUSRAP site (Section 
3.5); 

¶ Identifying broad categories of technologies and specific process options applicable 
to the GRAs and performing an initial screening based on technical implementability 
(Section 3.6); and 

¶ Evaluating the retained process options further based on effectiveness, 
implementability, and cost (Section 3.7). 

 
Selecting the representative process options for the various technology types and combining 
them with GRAs for remedial alternatives is performed in Section 4. 
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3.1. Remedial Action Objectives 

According to USEPA Guidance (USEPA 1988), RAOs are site-specific goals that are established 
based on the nature and extent of contamination, the resources that are potentially threatened, and 
the potential for human and environmental exposure (USEPA 1990). The primary general 
objectives for a remedial action considered at the FUSRAP site are to (1) eliminate or minimize 
the risk to human health and the environment, and (2) prevent or mitigate release of FUSRAP 
waste to the surrounding environment. 
 
The sources of groundwater contamination identified as FUSRAP-related contamination include:  
 

¶ 140 Property ï Primarily residual uranium in the soil beneath RC-1, -5 and -6 on the 
northeast corner of the 140 Property, with former Recharge Basin #3 was the suspected 
release point; 

¶ 100 Property - Residual uranium and nickel beneath RC-9 as the primary contributors 
to groundwater contamination on the south-central side of the 100 Property where a 
former trench drain and leach pools were the suspected release points; with more 
minor contributions of PCE, nickel, and uranium from a UST and leach pool locations 
beneath the central and eastern portions of B100; and primary PCE source area 
beneath RC-4 on the eastern side of the 100 Property where former leach pools were 
the likely release points of the contaminants; and  

¶ 70 Property - Residual PCE wastes within the septic system, at the bottom of several 
drywells, and below the former Recharge Basin/Sump #4 located at the central-eastern 
end of the 70 Property.  

The BLRA identified direct contact with source area soils as the main exposure pathway for human 
receptors at the FUSRAP site; however, under current site conditions, the FUSRAP COCs in the 
Source Area Properties indoor air, soil vapor, and soils are not expected to pose cancer risks greater 
than generally acceptable levels defined in CERCLA. This has resulted in no RAOs being 
developed for indoor air, soil vapor, and soils. Additionally, there are no expected adverse impacts 
to terrestrial and aquatic receptors present at the FUSRAP site based on the findings of the 
qualitative ERA; therefore, no RAOs are developed for ecological receptors. COCs have been 
detected above RBCs in the Source Area Properties groundwater.  
 
The site-specific RAOs were developed based on the FUSRAP-related COCs (uranium, nickel, 
and PCE), exposure pathways, and receptors identified in the BLRA. The following RAOs have 
been developed for the Source Area Properties: 
 
¶ Reduce exposure to COCs present in the Source Area Propertiesô groundwater via direct 
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contact, inhalation, and ingestion under future groundwater use scenarios to concentrations 
less than cleanup levels. 

¶ Prevent COCs present in the Source Area Propertiesô groundwater from migrating off the 
Source Area Properties at concentrations greater than cleanup levels.  

 
3.2. Identification of Applicable or Relevant and Appropriate Requirements 

The NCP establishes criteria for evaluating potential remedial action alternatives including overall 
protection of human health and the environment and compliance with ARARs (USEPA 1988). 
Section 121(d)(2) of CERCLA sets requirements with respect to any hazardous substance, 
pollutant, or contaminant that will remain on-site. Remedial actions must, upon completion, 
achieve a level or standard of control that at least attains legally applicable or relevant and 
appropriate substantive standards, requirements, criteria, or limitations under federal 
environmental law. Actions must also meet promulgated substantive standards, requirements, 
criteria, or limitations established under state environmental or facility siting laws that are 
determined to be more stringent than federal standards and are identified by a state in a timely 
manner. A letter was sent to NYSDEC in January 2017 to solicit their input for the potential 
ARARs for this site. NYSDEC in consultation with the New York State Department of Health 
(NYSDOH) responded in March 2017 providing a list of potential chemical and radiological 
ARARs to be used or considered during the development of the Feasibility Study for the FUSRAP 
site (NYSDEC 2017). The 2017 NYSDEC letter has been included as Appendix D. 
 
Individual ARARs are identified on a site-specific basis and are selected based on the contaminants 
present, the physical site conditions, and the characteristics of the remedial actions.  
 
¶ Applicable Requirements means those cleanup standards, standards of control, and other 
substantive requirements, criteria, or limitations promulgated under federal environmental 
or state environmental or facility siting laws that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance found 
at a CERCLA site. Only those state standards that are identified by a state in a timely 
manner and that are more stringent than federal requirements may be applicable. 

¶ Relevant and Appropriate Requirements means those cleanup standards, standards of 
control, and other substantive requirements, criteria, or limitations promulgated under 
federal environmental or state environmental or facility siting laws that, while not 
òapplicableò to a hazardous substance, pollutant, remedial action, location, or other 
circumstance at a CERCLA site, address problems or situations sufficiently similar to those 
encountered at the CERCLA site that their use is well suited to the particular site. Only 
those state standards that are identified in a timely manner and are more stringent than 
federal requirements may be relevant and appropriate. 
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State statutes may be applicable or relevant and appropriate if they are promulgated so that they 
are of general applicability and legally enforceable, identified by a state in a timely manner, and 
are more stringent than federal requirements.  
 
Under CERCLA Section 121(e), on-site actions are not subject to administrative and procedural 
requirements. Therefore, source area remedial actions would not require approvals, inspections, 
permits, consultations, and reporting. As defined in the NCP, ñon-siteò includes the areal extent of 
FUSRAP-related contamination and suitable areas in close proximity to the contamination 
necessary for implementation of the response action. Off-site activities (i.e., treated groundwater 
discharge or waste disposal outside the areas of FUSRAP soil contamination or FUSRAP 
downgradient groundwater contamination) are directly subject to both substantive and 
administrative requirements of federal, state, and local regulations, including permitting 
requirements, if they are determined to be legally applicable.  
 
The type of hazardous substance, site location and characteristics, and planned action for 
remediating the FUSRAP site influence the selection of ARARs. The USEPA has divided ARARs 
into three categories: chemical-specific, location-specific, and action-specific. The three categories 
are described below: 
 

¶ Chemical- and Radiological-Specific ARARs are usually health or risk based 
numerical values or methodologies, which, when applied to site-specific conditions, 
result in the establishment of numerical values. These values establish the acceptable 
amount or concentration of a chemical that may be found in, or discharged to, the 
ambient environment. During the planning process, these requirements are used to 
establish the proposed remedial goals or cleanup levels or, in the case of some 
remedial actions, to provide the basis for calculating cleanup levels for the media of 
interest. During implementation of a remedial action, chemical- and radiological-
specific ARARs are used to define acceptable exposure levels for various receptors 
that are anticipated to interact with or inhabit the site. Radiological-specific ARARs, 
which are a specific type of chemical-specific ARAR, are discussed in Section 3.2.1 
and chemical-specific ARARs are discussed in Section 3.2.2. 

¶ Location-Specific ARARs apply to the geographical or physical location of the Site. 
These requirements limit where and how the remedial action can occur. Location-
specific ARARs are discussed in Section 3.2.3. 

¶ Action-Specific ARARs include performance, design, or other controls on the specific 
activities to be performed as part of the remedial action for a site. They are also used 
to define acceptable levels of discharge and disposal requirements for remedial actions 
where discharge or disposal is necessary (i.e., treatment and disposal requirements) 
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and can be used to assess the effectiveness of remedial alternatives. Action-specific 
ARARs are discussed in Section 3.2.4. 

 
Through an initial screening process of these regulations, the ARARs deemed applicable and/or 
appropriate and relevant to the FUSRAP site were identified and are described in detail below. 
The list of potential chemical and radiological ARARs provided by NYSDEC in consultation with 
NYSDOH in March 2017 are included in this screening. The selected ARARs constitute the 
criteria to be used in the assessment of remedial alternatives as part of this FS.  
 

3.2.1. Screening of Radiological-Specific ARARs 

The primary agencies with regulatory authority for radioactive contaminated sites include the 
USEPA, the U.S. Nuclear Regulatory Commission (USNRC), and in New York, the NYSDEC. 
The following requirements or standards were evaluated as potential radiological-specific ARARs 
for the FUSRAP site: 
 

¶ USEPA: The Uranium Mill Tailings Radiation Control Act (UMTRCA): 40 Code of 
Federal Regulations (CFR) Part 192; Health and Environmental Protection and 
Standards for Uranium and Thorium Mill Tailings. 

¶ USEPA: 40 CFR Part 141 Subpart G, USEPA National Primary Drinking Water 
Regulations, Maximum Contaminant Levels (40 CFR 141.66 (e)). 

¶ USEPA: 40 CFR Part 61 Subpart H, National Emissions Standards for Hazardous Air 
Pollutants (NESHAP) 

¶ USNRC: Decommissioning Rule: 10 CFR Part 20; Standards for Protection against 
Radiation and 10 CFR Part 40; Domestic Licensing of Source Material. 

¶ NYSDOH: 10 New York Code of Rules and Regulations (NYCRR) Part 16; Ionizing 
Radiation. 

The potential radiological ARARs suggested for use or consideration by NYSDEC and NYSDOH 
during the development of the FS are shown in italics above. Selected ARARs are shown in bold. 
A discussion of each selected and potential radiological ARAR is provided in the following text. 

3.2.1.1. Radiological Regulatory Standards Identified as ARARs 

40 CFR Part 141 Subpart G 

40 CFR Part 141 Subpart G establishes maximum concentrations of contaminants in drinking 
water. Because USEPA expects to return usable ground waters to their beneficial uses whenever 
practicable (see 40 CFR Ä300.430(a)(1)(iii)(F)) and since local groundwater is a current source of 
drinking water (New York state designated GA), then the drinking water standards provided in 40 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 3-6 
Sylvania Feasibility Study_24April2025_Final 
 

CFR Part 141 Subpart G are relevant and appropriate cleanup levels. Subpart G, 40 CFR 141.66 
(e) lists the MCL for uranium to be 30 micrograms per liter (ɛg/L). Subpart G is only applicable 
to a drinking water utility, it is relevant and appropriate to those whose groundwater is used by a 
drinking water utility. As the groundwater is a part of a sole source aquifer that supplies more than 
50% of the drinking water for the aquifer service area, the 40 CFR 141.66 (e) requirement is 
retained as an ARAR for uranium in groundwater. 
 

3.2.1.2. Radiological Regulatory Standards Not Identified as ARARs 

The evaluation of regulations that did not meet ARAR determination for the FUSRAP site is 
provided below. 
 
USEPA UMTRCA 40 CFR Part 192, Subparts A through E 

The primary purpose of UMTRCA is to provide for the safe and environmentally sound disposal, 
long-term stabilization, and control of uranium mill tailings in a manner that minimizes or 
eliminates health hazards to the public by establishing minimum criteria for radiation at these 
licensed and inactive mill facilities. UMTRCA applies to both inactive and active uranium ore 
processing sites and uranium mill tailing disposal facilities that have been designated as such by 
the USDOE. The dominant activity at the former Sylvania property was fabrication of nuclear 
elements, not processing of mill tailings and associated waste byproducts. As the former Sylvania 
property is not a uranium mill tailing disposal facility and has not been designated by the USDOE 
as a uranium ore processing site or a mill-tailings processing facility, this regulation has been 
deemed not applicable to the FUSRAP site. Additionally, because the former Sylvania property is 
not a uranium mill tailing facility and its contamination is not similar to that of such a facility the 
UMTRCA ground water criteria are not relevant and appropriate requirements for the former 
Sylvania property.  
 
USEPA: 40 CFR Part 61 Subpart H and I 

Subpart H of the Clean Air Act (CAA) regulates airborne emissions of radionuclides other than 
radon from Department of Energy Facilities. Subpart I of the CAA regulates airborne emissions 
of radionuclides from federal facilities other than NRC licensed facilities and not covered by 
subpart H. The FUSRAP site is not a DOE or federal facility and the FUSRAP site remediation is 
being conducted under CERCLA. As such the FUSRAP site is exempt from the requirements of 
NESHAP as stated under 40 CFR Part 63.7881(a) (40 CFR 63 Subpart GGGGG. Requirements 
under 40 CFR Part 61, Subpart H and I of the CAA NESHAP have not been retained as an ARAR. 
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USNRC Decommissioning Rule 10 CFR Part 20, Subpart E and USNRC 10 CFR Part 40, 
Appendix A 

USNRC regulation 10 CFR Part 20 establishes the requirements to ñcontrol the receipt, possession, 
use, transfer and disposalò of USNRC licensed material by a licensed USNRC facility. Subpart E 
of 10 CFR Part 20 specifically applies to the decommissioning and release of NRC-licensed 
facilities and facilities (to include groundwater) subject to USNRC jurisdiction under the Atomic 
Energy Act of 1954. The FUSRAP site is not currently an USNRC-licensed facility; therefore, 10 
CFR Part 20, to include Subpart E is not applicable as the FUSRAP site is not otherwise subject 
to USNRC jurisdiction.  
 
Although not applicable, some requirements of USNRC regulations are considered based on the 
similarities between remediation activities conducted under CERCLA and the decommissioning 
of USNRC facilities. 10 CFR 20.1402 states: ñA site will be considered acceptable for unrestricted 
use if the residual radioactivity that is distinguishable from background radiation results in a total 
effective dose equivalent (TEDE) to an average member of the critical group that does not exceed 
25 mrem (0.25 mSv) per year, including that from groundwater sources of drinking water, and the 
residual radioactivity has been reduced to levels that are as low as reasonably achievable 
(ALARA)ò. Despite the relevance and appropriateness of 10 CFR 20.1402, it is not retained as an 
ARAR because 40 CFR 141 subpart G addresses the specific contaminant in the specific media at 
the site and therefore is more appropriate than the generic dose limitations in 10 CFR 20.1402.  
 
USNRC 10 CFR Part 40 establishes the requirements to issue licenses to receive, possess, use, 
transfer, or deliver radioactive source and byproduct materials as regulated by USNRC. The 
substantive portions of this regulation are provided in Appendix A to Part 40 ï Criteria Relating 
to the Operation of Uranium Mills and disposition of Tailings or Wastes Produced by the 
Extraction or Concentration of Source Material from Ores Processed Primarily for Their Source 
Material Content. This appendix provides the ñtechnical, financial, ownership, and long-term site 
surveillance criteria relating to the siting, operation, decontamination, decommissioning, and 
reclamation of mills and tailings or waste system at which such mills and systems are located,ò 
including requirements associated with cover and cap designs for byproduct waste disposal.  
 
USNRC 10 CFR Part 40 was determined to be not applicable to the FUSRAP site, as the site is 
not an USNRC-licensed facility, not a Uranium mill, and it is not the intention of USACE to seek 
an USNRC license as part of remedial action. Additionally, 10 CFR Part 40 does not present a 
uranium maximum value for groundwater protection. As noted above, the dominant activity at the 
former Sylvania property was fabrication of nuclear elements, not mill tailings and associated 
waste byproducts. Therefore, the substantive requirements under USNRC 10 CFR Part 40 that are 
listed under Appendix A were determined not relevant or otherwise appropriate.  
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10 NYCRR Part 16 

10 NYCRR Part 16 regulates transfer, receipt, possession or use of radioactive sources in New 
York. This regulation applies to radiation installations, which are places, facilities, or mobile units 
that transfer, receive, possess or use radioactive material. As the FUSRAP site is not an active site 
in possession of radioactive sources, these are not applicable or relevant and appropriate and 10 
NYCRR Part 16 is not retained as an ARAR.  
 

3.2.2. Screening of Chemical-Specific ARARs 

The primary agencies with regulatory authority for chemical contamination at sites include the 
USEPA and in New York, the NYSDEC. The following requirements or standards were evaluated 
as potential chemical specific ARARs for the FUSRAP site:  
 

¶ USEPA: 40 CFR Part 141 Subpart G, USEPA National Primary Drinking Water 
Regulations Maximum Contaminant Levels (40 CFR 141.61 (a)(15)). 

¶ USEPA: 40 CFR Part 61 Subpart H, NESHAP 

¶ NYSDEC: 6 NYCRR Part 375 Section 6.8(b), Environmental Remediation Programs, 
Soil Cleanup Objectives for Restricted Use 

¶ NYSDEC: CP-51 Section 5, NYSDEC Commissioner Policy 51 

¶ NYSDEC: 6 NYCRR Part 703.5(f) ï Surface Water and Groundwater Quality 
Standards and Groundwater Effluent Limitations 

¶ NYSDOH: 10 NYCRR Part 5, Section 1, Drinking Water Supplies: Public Water 
Systems 

¶ NYSDOH: 10 NYCRR Part 170, Section 4, Sources of Water Supply 

The potential chemical ARARs suggested for use or consideration by NYSDEC and NYSDOH 
during the development of the FS are shown in italics above. Selected ARARs are shown in bold. 
A discussion of each selected and potential chemical-specific ARAR is provided in the following 
text. 

3.2.2.1. Chemical Regulatory Standards Identified as ARARs 

40 CFR Part 141 Subpart G (40 CFR 141.61 (a)(15)) 

Subpart G, 40 CFR 141.61 (a)(15) lists a MCL for PCE of 5 ɛg/L which has been retained as an 
ARAR. 40 CFR Part 141 Subpart G establishes maximum concentrations of contaminants in 
drinking water. Because USEPA expects to return usable ground waters to their beneficial uses 
whenever practicable (see 40 CFR Ä300.430(a)(1)(iii)(F)) and since local groundwater is a current 
source of drinking water (New York State designated GA), then the drinking water standard 
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provided in 40 CFR Part 141 Subpart G, 141.61 (a)(15) is a relevant and appropriate cleanup level. 
It should be noted that the remedial technology selected for PCE will also address other 
halogenated VOCs that may be present in the groundwater. 40 CFR Part 141 Subpart G does not 
establish cleanup levels for nickel. 
 
6 NYCRR Part 703.5(f) 

Section 5 of Part 703 establishes water quality standards and effluent limitations. Groundwater 
quality standards for nickel (100 ɛg/L) and PCE (5 ɛg/L) are presented in Table 1, Section 703.5(f) 
of Part 703. The standard for PCE is redundant to USEPA regulations, thus, it is not retained as an 
ARAR as the Federal standard is used for establishing this ARAR. As the groundwater is a part of 
a sole source aquifer that supplies more than 50% of the drinking water for the aquifer service 
area, this requirement is retained as an ARAR for addressing concentrations of nickel in 
groundwater.  
 

3.2.2.2. Chemical Regulatory Standards Not Identified as ARARs 

The evaluation of regulations that did not meet ARAR determination for the FUSRAP site is 
provided below. 
 
CP-51 Section 5 

CP-51 Section 5 is New York State guidance. It is not an environmental law and is not a 
promulgated standard, as such it cannot be an ARAR. Section 5 of CP-51 describes the process for 
selecting soil cleanup objectives based on 6 NYCRR Part 375 Section 6.8 and Appendix E of the 
Technical Support Document for Part 375. This section describes the process for selecting soil 
cleanup objectives based on 6 NYCRR Part 375 Section 6.8 and Appendix E of the Technical 
Support Document for Part 375. In accordance with CP-51, NYSDEC Division of Environmental 
Remediation will rely on empirical evidence obtained through direct monitoring of groundwater 
quality adjacent to or beneath an area of contaminated soil, as long as there is active groundwater 
remediation and environmental easements are in place. 
 
6 NYCRR Part 375 Section 6.8(b) 

This is not an ARAR due to the BLRA determination, included in the RI Report (USACE 2021a), 
that on-property soil at the former Sylvania property poses cancer risks less than 1E-04 and/or 
non-cancer hazards less than one to future site workers and residents and since protection of 
groundwater soil cleanup objectives are not applicable based on 6 NYCRR Part 375 Section 6.5. 
Standards for soil cleanups are established by 6 NYCRR Part 375. Part 375 establishes soil cleanup 
objectives based on future use. Subsection (b) of 6 NYCRR Part 375 Section 6.8 lists restricted 
use/commercial use soil cleanup objectives for nickel (130 mg/kg) and PCE (150 mg/kg) and 
restricted use/industrial use soil cleanup objectives for nickel (10,000 mg/kg) and PCE (300 
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mg/kg). Subsection (b) of 6 NYCRR Part 375 Section 6.8 lists restricted use/protection of 
groundwater use soil cleanup objectives for nickel (130 mg/kg) and PCE (1.3 mg/kg). As described 
earlier, the 70 and 140 Properties are zoned industrial, while the 100 Property is zoned commercial.  
 
While site soils do not pose a direct contact risk to human health or the environment as documented 
in the BLRA (USACE 2021a), they do have the potential to act as a continuing contaminant source 
to groundwater. 6 NYCRR Part 375-6.5(a)(1) states protection of groundwater soil cleanup 
objectives may not be applicable where groundwater is addressed by the remedial program, an 
environmental easement will be put in place which provides for a groundwater use restriction on 
the site, the remedy includes controls or treatment to address off-site migration, and the NYSDEC 
determines the groundwater quality will improve over time. Alternatives to be evaluated under this 
FS will include active groundwater remediation and environmental easements. 
 
Note: In order to determine land use controls (LUCs) that may be required following remedy 
implementation the soil cleanup objectives in Subsection (b) of 6 NYCRR Part 375 Section 6.8 
will be utilized as performance metrics. The performance metrics will be used in determining 
proposed excavation areas and depths when excavation is selected as a remedy. Soil sampling and 
analysis from excavation bottoms will determine LUCs that may be required following a remedy. 
Where groundwater remedies are performed, soil sampling and analysis will be conducted 
following the groundwater remedy, such as in the areas of soil flushing and SVE, for evaluation 
against the performance metrics. 
 
10 NYCRR Part 5, Section 1 

10 NYCRR Part 5, Section 1 standards are not applicable since the FUSRAP site is not a public 
water system. Section 1 establishes quality standards for public water systems. The standards listed 
in subpart 1.52 are redundant to groundwater standards listed in 40 CFR Part 141 Subpart G and 
6 NYCRR Part 703 and are therefore not retained as an ARAR. 
 
10 NYCRR Part 170, Section 4 

The standards are not applicable since the FUSRAP site is not a public water system. 10 NYCRR 
Part 170, Section 4 establishes quality standards for sources of water for public water supplies. 
Section 4 of Part 170 lists standards for raw water before treatment and public use. These standards 
do not include contaminants relevant or appropriate to the site. This is not retained as an ARAR. 

3.2.3. Screening of Location-Specific ARARs 

The following requirements or standards were evaluated as potential location specific ARARs for 
the FUSRAP site:  
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¶ USEPA: Clean Water Act (40 CFR Part 230) 

NYSDEC and NYSDOH did not identify any location specific ARARs for use or consideration 
during the development of the FS. A discussion of each selected and potential location-specific 
ARAR is provided in the following text. 

3.2.3.1. Location-Specific Regulations Identified as ARARs 

The evaluation of regulations did not identify location specific ARARs for the FUSRAP site. 
 

3.2.3.2. Location-Specific Regulations Not Identified as ARARs 

The evaluation of this regulation and discussion that it did not meet the location-specific ARAR 
determination for the FUSRAP site is provided below. 
 
Clean Water Act (40 CFR Part 230) 

There are no wetlands present on the FUSRAP site; therefore, this regulation is not applicable or 
relevant and appropriate. The dredge and fill standards of the Clean Water Act (CWA) have been 
identified as being applicable for remedial actions that would occur within any wetland. The CWA 
Ä 404 regulates the discharge of dredged or fill materials into waters of the U.S., including 
freshwater wetlands. This program is implemented through regulations set forth in 40 CFR Part 
230.10(c), which prohibit the discharge of dredged or fill material into wetlands without a permit.  
 

3.2.4. Screening of Action-Specific ARARs 

The following standards or regulations were evaluated as potential action specific ARARs for the 
FUSRAP site. The following action specific ARARs were suggested for use or consideration by 
NYSDEC and NYSDOH during the development of the FS. As stated previously, the 2017 
NYSDEC letter has been included as Appendix D.  
 

¶ NYSDEC: 6 NYCRR Parts 200 and 201 Permits and Registrations, General 
Provisions, Prevention, and Control of Air Contamination and Air Pollution 

¶ NYSDEC: 6 NYCRR Part 211 General Prohibitions, Prevention, and Control of Air 
Contamination and Air Pollution 

¶ NYSDEC: 6 NYCRR Part 212 Section 2.2, Prevention and Control of Air 
Contaminants and Air Pollution: Process Operations 

¶ NYSDEC: 6 NYCRR Part 257 Air Quality Standards 

¶ NYSDEC: 6 NYCRR Part 360 Solid Waste Management System-General 

¶ NYSDEC: 6 NYCRR Part 364 Waste Transporter Permits 
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¶ NYSDEC: 6 NYCRR Part 370 Hazardous Waste Management System-General 

¶ NYSDEC: 6 NYCRR Part 371 Identification and Listing of Hazardous Wastes 

¶ NYSDEC: 6 NYCRR Part 372 Hazardous Waste Manifest System and Related 
Standards for Generators, Transporters, and Facilities 

¶ NYSDEC: 6 NYCRR Part 374 Management of Specific Hazardous Waste 

¶ NYSDEC: 6 NYCRR Part 376 Land Disposal Restrictions 

¶ NYSDEC: 6 NYCRR Part 380; Rules and Regulations for the Prevention and 
Control of Environmental Pollution from Radioactive Materials 

¶ NYSDEC: 6 NYCRR Part 381 Transporters of Low-Level Radioactive Waste 

¶ NYSDEC: 6 NYCRR Parts 450-454 Noise from Heavy Motor Vehicles 

¶ NYSDEC: 6 NYCRR Parts 700-706 Water Quality Regulations for Surface Waters and 
Groundwater (700 ï Definitions, Samples, and Tests; 701 ï Classifications of Surface 
Waters and Groundwater; 702 ï Derivation and Use of Standards and Guidance 
Values; 703 ï Surface Water and Groundwater Quality Standards and Groundwater 
Effluent Standards; 704 ï Criteria Governing Thermal Discharges; 705 ï References; 
706 ï Appendices for Parts 700-705) 

¶ NYSDEC: DER-10 / Technical Guidance for Site Investigation and Remediation 

¶ NYSDEC: DER-23 / Citizen Participation Handbook for Remedial Programs 

¶ NYSDEC: DER-31 / Green Remediation 

¶ NYSDEC: DER-33 / Institutional Controls: A Guide to Drafting and Recording 
Institutional Controls  

¶ NYSDEC: DER-38 Cleanup Guidelines for Soils Contaminated with Radioactive 
Materials  

¶ NYSDEC: CP-43, Commissioner Policy on Groundwater Monitoring Well 
Decommissioning  

¶ NYSDEC: Guidance for Evaluation Soil Vapor Intrusion in the State of New York  

¶ NYSDOH: Health and Safety in the Home, Workplace, and Outdoors 

¶ NYSDOH: Generic Community Air Monitoring Plan (for Vapors and Particulates) 

The action specific ARARs suggested for use or consideration by NYSDEC and NYSDOH during 
the development of the FS are shown in italics above. Those selected as ARARs under certain 
alternatives are shown above in bold type.  
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3.2.4.1. Action-Specific Regulations Identified as ARARs 

6 NYCRR Part 380 

This regulation establishes standards for protection against ionizing radiation resulting from the 
disposal and release of radioactive material to the environment. Part 380 applies to any person who 
disposes, or releases licensed radioactive material within the State, uses licensed radioactive 
material in the environment, or whose loss of control of licensed radioactive material results or 
may result in the disposal or release of such material to the environment and is not subject to 
USDOE or USNRC regulation. 6 NYCRR Part 380-11.7, contains Annual Limits on Intake (ALI) 
and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure; Effluent 
Concentrations; Concentrations For Release To Sewerage. This is an ARAR for alternatives that 
could potentially discharge radioactive material to the atmosphere, storm sewer, or sanitary sewer. 
 

3.2.4.2. Action-Specific Regulations Not Identified as ARARs 

6 NYCRR Parts 200 and 201 Permits and Registrations, General Provisions, Prevention, and 
Control of Air Contamination and Air Pollution 

Even though alternatives include emission sources, since Parts 200 and 201 are administrative 
requirements, they would not be evaluated as ARARs for an alternative. These provisions provide 
for the prevention and control of air contamination and air pollution. Part 200 provides general 
provisions related to this chapter of the NYCRR, such as definitions, conflict of interest statements, 
and safeguarding information. Part 201 covers the permit and registration requirements for the 
owner or operator of an emission source within New York State. It outlines the requirements of 
State Facility Permits, Title V Permits, and Minor Facility Registrations.  
 
6 NYCRR Part 211 General Prohibitions, Prevention, and Control of Air Contamination 
and Air Pollution 

As there are no remedial alternatives for the FUSRAP site that will cause visible emissions, this is 
not considered an ARAR. These provisions provide for the prevention and control of air 
contamination and air pollution. Part 211 contains specific provisions prohibiting emissions of air 
contaminants to the outdoor atmosphere of such quantity, characteristic, or duration which are 
injurious to human, plant, or animal life or to property. Most subparts have been repealed and the 
only substantive requirements remaining pertain to opacity.  
 
6 NYCRR Part 212 Section 2.2 

Establishes air emission standards for process operations. Process operations are defined as any 
industrial, institutional, commercial, agricultural or other activity, operation, manufacture or 
treatment in which chemical, biological and/or physical properties of the material or materials are 
changed, or in which the material is conveyed or stored without changing the material if the 
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conveyance or storage system is equipped with a vent and is non-mobile, and that emits air 
contaminants to the outdoor atmosphere. Section 2.2, Table 2 contains allowable mass emission 
limits for high toxicity air contaminants that are applicable to process operations. As USACE 
would not be the owner or operator of any facility, this is not applicable or relevant to our 
alternatives, thus it does not meet the definition of an ARAR. 
 
6 NYCRR Part 257 Air Quality Standards 

This Part describes the air quality standards for several airborne contaminants, including sulfur 
dioxide, particulates, fluorides, and hydrogen sulfide; however, this New York implementation of 
the National Ambient Air Quality Standards (NAAQS) only applies on an average to an Air 
Quality Control Region and not to particular sites, thus it is not relevant to any of the alternatives 
here and thus is not an ARAR. 
 
6 NYCRR Part 360 Solid Waste Management System-General 

On site activities are exempt from these requirements under CERCLA and off-site activities are 
not subject to ARAR determinations; therefore, this is not an ARAR and will not be used in the 
evaluations of alternatives. By regulating waste management under Part 360, the NYSDEC seeks 
to maintain consistency for solid waste transfer, processing, recovery, storage, reclamation, or 
disposal from on-site waste management units. 
 
6 NYCRR Part 364 Waste Transporter Permits 

On site activities are exempt from these requirements under CERCLA and off-site activities are 
not subject to ARAR determinations; therefore, this is not an ARAR and will not be used in the 
evaluations of alternatives. By regulating waste transportation under Part 364, the NYSDEC seeks 
to prevent waste discharges into the environment, whether the releases are accidental or 
intentional, except at a site approved for the treatment, storage, or disposal of the waste. Part 364 
pertains to transporters of many different types of wastes including, but not limited to the 
following: regulated medical waste, hazardous waste, waste from commercial operations, waste 
oil, and industrial-commercial waste (including construction and demolition debris) generated or 
transported by an industrial or commercial business and fill material generated by commercial and 
industrial activities).  
 
6 NYCRR Part 370 Hazardous Waste Management System-General 

This Part is administrative, has no substantive requirements, and is not an ARAR. This Part 
provides definitions of terms and general standards applicable to Parts 370 through 374, and 376 
of 6 NYCRR. It sets forth the regulations that the NYSDEC will use in making the information it 
receives available to the public, and sets forth the requirements that generators, transporters, or 
owners or operators of treatment, storage, or disposal facilities must follow to assert claims of 
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business confidentiality with respect to information that is submitted to the NYSDEC under Parts 
370 through 374 and 376 of 6 NYCRR.  
 
6 NYCRR Part 371 Identification and Listing of Hazardous Wastes 

Part 371 applies to identifying solid wastes and has no substantive requirements; therefore, this 
Part is not an ARAR. This Part establishes the procedures for identifying those solid wastes which 
are subject to regulation as hazardous wastes under Parts 370 through 373, and 376 of this Title. 
However, even though a given material is defined as a hazardous waste under this Part, it may be 
exempt from one or more of the substantive provisions of those Parts, as specified in each 
respectively.  
 
6 NYCRR Part 372 Hazardous Waste Manifest System and Related Standards for 
Generators, Transporters, and Facilities 

On site activities are exempt from these requirements under CERCLA, off-site activities are not 
subject to ARAR determinations, and this regulation is administrative without substantive 
requirements; therefore, this is not an ARAR. The purpose of this regulation is to establish 
standards for generators and transporters of hazardous waste and standards for generators, 
transporters, and treatment, storage, or disposal facilities relating to the use of the manifest system 
and its recordkeeping requirements. The manifest document would accompany all shipments of 
hazardous waste while in transit, unless specifically exempted under this Part. The manifest 
document would serve as a multipurpose instrument to be used as a tracking, auditing, and 
enforcement device.  
 
6 NYCRR Part 374 Management of Specific Hazardous Waste 

There are no substantive requirements; therefore, this Part would not be evaluated as an ARAR 
under any alternatives. This Part applies to hazardous wastes that are reclaimed to recover 
economically significant amounts from precious metals and lead-acid batteries and it covers 
management of used oil, universal wastes, and mercury containing products. The regulations in 
this section also apply to hazardous waste burned or processed in a boiler or industrial furnace, 
low-level mixed waste storage, and identifies when military munitions become solid waste.  
 
6 NYCRR Part 376 Land Disposal Restrictions 

This Part does not apply to onsite actions; therefore, this Part would not be evaluated as an ARAR 
under any alternatives. This Part identifies hazardous wastes that are restricted from land disposal 
and defines those limited circumstances under which an otherwise prohibited waste may be land 
disposed. Except as specified otherwise, the requirements of this Part apply to persons who 
generate or transport hazardous waste and owners and operators of hazardous waste treatment, 
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storage, and disposal facilities. This Part prohibits dilution of restricted wastes as a substitute for 
adequate treatment.  
 
6 NYCRR Part 381 

These are administrative requirements and have no substantive requirements so this Part would 
not be evaluated as an ARAR for the developed alternatives. These regulations establish transport 
permit standards for transporters of low-level radioactive waste and standards for generators and 
transporters relating to the use of the low-level radioactive waste manifest system and its 
recordkeeping requirements.  
 
6 NYCRR Parts 450-454 Noise from Heavy Motor Vehicles 

These tests are performed on vehicles prior to their mobilization to the site and for this reason, this 
is not an ARAR. Parts 450-454 prescribe procedures for inspection, surveillance, and measurement 
of motor vehicles and combinations of vehicles to determine whether those motor vehicles and 
combinations of vehicles conform to the sound level limits of the New York State Vehicle and 
Traffic Law.  
 
6 NYCRR Parts 700, 701, 702, 705, and 706 

In all, Parts 700, 701, 702, 705, and 706 do not contain substantive requirements, so they are not 
ARARs. Parts 700 contains definitions for terms referenced in Parts 701-706. It also includes the 
criteria that the NYSDEC uses for determining the appropriateness of a groundwater and surface 
water sample location. Part 701 contains the classifications for the various surface waters and 
groundwaters used within New York. Part 701 is administrative, so it is not an ARAR. Part 702 
contains the derivation procedures for standards and guidance values for taste, color-, and odor-
producing, toxic, and other deleterious substances. Part 705 is references and Part 706 contains the 
appendices for Parts 700-705. In particular, the only appendix provided in Part 706 applies to Part 
702-9, which provides procedures to derive standards and guidance values to protect aquatic life 
from acute and chronic effects.  
 
6 NYCRR Part 703.3 

Section 3 of 6 NYCRR Part 703 establishes groundwater effluent limitations on pH, dissolved 
oxygen, dissolved solids, odor, color, and turbidity. Chemical specific parameters from Section 5 
of 6 NYCRR were noted during screening of chemical specific ARARs in Section 3.2.2. Unless a 
demonstration is made to the contrary, it is presumed that a discharge to the ground or unsaturated 
zone is a discharge to groundwater. Remedial alternatives for the FUSRAP site involve discharges 
to groundwater; however, since none of these limitations apply to a contaminant of concern at this 
site, they would not meet the definition of an ARAR. 
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6 NYCRR Part 704.2 

Section 2 of 6 NYCRR Part 704 addresses water quality standards for thermal discharges into 
waters of New York. It contains regulations addressing day-to-day temperature fluctuations, 
development or growth of nuisance organisms, and other thermal discharge related restrictions. A 
thermal discharge is a discharge that results or would result in a temperature change of the 
receiving water. Discharge of treated groundwater from a heated recovery system could alter 
receiving water temperature; this is not relevant to any of the alternatives here and thus is not an 
ARAR. 
 
NYSDEC: DER-10 / Technical Guidance for Site Investigation and Remediation 

DER-10 is an environmental guidance document not an environmental law, is not promulgated 
and, as such, is not an ARAR. DER-10 provides the scope of activities needed to satisfy minimum 
requirements for the life cycle of the site-specific remedial program under the State Superfund 
Program, Brownfield Cleanup Program, Environmental Restoration Program, and Voluntary 
Cleanup Program, and for certain petroleum releases. It also contains the minimum technical 
activities that the NYSDEC will generally accept for projects where Division of Environmental 
Remediation (DER) oversight, approval, or acceptance is sought or mandated by law. 
 
NYSDEC: DER-23 / Citizen Participation Handbook for Remedial Programs 

DER-23 is a guidance document, which is not promulgated; therefore, it is not an ARAR. This 
document provides guidance to the NYSDEC DER staff and the public on how to fulfill citizen 
participation (CP) requirements. 
 
NYSDEC: DER-31 / Green Remediation 

DER-31 is a guidance document, which is not promulgated; therefore, it is not an ARAR. This 
document identifies the approach to remediating sites in the context of the larger environment, a 
concept known as green remediation. Green remediation is intended to be a holistic approach, 
which improves the overall sustainability of the cleanups by promoting the use of more sustainable 
practices and technologies.  
 
NYSDEC: DER-33 / Institutional Controls: A Guide to Drafting and Recording Institutional 
Controls 

DER-33 is a guidance document which is not promulgated: therefore, it is not an ARAR. This 
guidance provides an overview of the drafting and recording of institutional controls (ICs) for 
remedial programs managed by the NYSDEC. The most common ICs employed by the NYSDEC 
are environmental easements, deed restrictions, and environmental notices. Each of these 
documents must be properly drafted and recorded with the appropriate countyôs land records to 
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ensure proper notice and effectiveness of the control. The purpose of this guidance is to provide 
direction on how to develop and properly record ICs as part of a cleanup decision. 
 
NYSDEC: DER-38 Cleanup Guidelines for Soils Contaminated with Radioactive Materials 

DER-38 is a guidance document which is not promulgated: therefore, it is not an ARAR. It 
provides guidance to NYSDEC staff on cleanups for soils contaminated with radioactive materials. 
 
CP-43 Commissioner Policy on Groundwater Monitoring Well Decommissioning 

CP-43 is not promulgated; therefore, it is not an ARAR. This policy provides procedures to 
satisfactorily decommission groundwater monitoring wells in New York State. To a degree, every 
monitoring well is an environmental liability because of the potential to act as a conduit for 
pollution to reach groundwater. This policy is guidance to the NYSDEC programs that install, 
utilize, and maintain monitoring wells for the study of groundwater. 
 
Guidance for Evaluating Soil Vapor Intrusion in the State of New York 

This guidance document is not promulgated and is therefore not an ARAR. This guidance 
describes New York Stateôs methodology for evaluating soil vapor intrusion at a site. It reflects 
New York Stateôs experience in conducting soil vapor intrusion investigations and presents a 
reasonable and practical approach to identifying and addressing current and potential human 
exposures to contaminated subsurface vapors associated with known or suspected volatile 
chemical contamination. 
 
Health and Safety in the Home, Workplace, and Outdoors 

The information presented on the website does not constitute an ARAR. This website is organized 
by the Center for Environmental Health within the New York State Department of Health. It is a 
database for resources about air quality, chemicals, childrenôs health and safety, drinking water, 
emergency preparedness, health and safety indoors, health and safety outdoors, health and safety 
in the workplace, lead exposure and lead poisoning prevention, pests and pesticides, radon / 
radiological health, tobacco control and prevention, and community and research investigations 
and advisories. 
 
Generic Community Air Monitoring Plan (for Vapors and Particulates) 

The Generic Community Air Monitoring Plan (CAMP) is an environmental guidance document, 
is not promulgated and, as such, is not an ARAR. A generic CAMP was written by the NYSDOH 
to meet the CAMP guidance in DER-10. The purpose of the CAMP is to provide a measure of 
protection for the downwind community from potential airborne contaminant releases as a result 
of construction and demolition projects and remedial work activities.  



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 3-19 
Sylvania Feasibility Study_24April2025_Final 
 

 
3.3. Other Considerations and Assumptions 

The following regulatory considerations and assumptions were also incorporated into the remedial 
action alternative identification process but are not considered ARARs. These regulations relate to 
activities associated with the design and implementation of a remedial action and are considered 
technical requirements that would be complied with during execution, as needed, but are not 
related to the degree of cleanup required under the NCP. 
 
RCRA and Solid Waste Management 

Although the ARAR provision in CERCLA addresses only on-site actions, the USACE will 
comply with the substantive and administrative requirements of those regulations that are 
determined to be legally applicable for off-site actions; this includes requirements of the off-site 
transport, storage, and disposal of hazardous materials under Resource Conservation and Recovery 
Act (RCRA) as specified under 40 CFR Parts 260 through 280 and New York's hazardous waste 
management regulations under 6 NYCRR Parts 370, 371, 372, 373, 374, and 376. Regulations for 
the off-site transport, storage, and disposal of hazardous waste will be complied with if hazardous 
waste is encountered.  
 
Occupational Safety and Health Administration 

The Occupational Safety and Health Administration (OSHA) has promulgated standards for 
protection of workers who may be exposed to hazardous substances at RCRA or CERCLA sites 
(29 CFR Parts 1910.120 and 1926.65). Compliance with OSHA standards is required under the 
NCP (40 CFR 300.150) but not through the ARAR process. Therefore, OSHA standards are not 
considered ARARs, because they are employee protection laws, not environmental laws. Since the 
requirements, standards, and regulations of OSHA are not ARARs and cannot be waived, they will 
be applicable to any and all activities associated with the remedial action. 
 
Waste Transportation 

Remedial activities may involve the transportation of material over public roadways to disposal 
facilities. Some of the material may be classified as hazardous waste. USACE will comply with 
the substantive and administrative requirements of U.S. Department of Transportation rules 
contained in 49 CFR Parts 172 to 179 for the transport of hazardous materials as determined to be 
legally applicable for off-site actions. These regulations contain general transportation 
requirements and requirements for transporting hazardous waste, including but not limited to 
packaging, labeling, and manifesting.  
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3.4. Proposed Remedial Goals 

The final step required for the development of RAOs is to establish proposed cleanup levels based 
on the ARARs and COCs. The aim of RAOs is to meet ARARs and eliminate exposure to COCs 
such that human health and the environment are adequately protected, which can be achieved by 
eliminating exposure pathways and/or reducing COC concentrations. The proposed cleanup levels 
were selected by review of the ARARs and risks identified in the BLRA.  
 
Soils were not found to present unacceptable risk to human health and the environment based on 
direct contact resulting in no soil cleanup levels; however, alternatives that target Source Area 
Propertiesô soils will be evaluated when those alternatives protect groundwater and have been 
determined to result in an expedited timeframe for groundwater remediation to achieve unlimited 
use and unrestricted exposure (UU/UE) concentrations. 
 

3.4.1. Uranium 

The presence of total uranium in the Source Area Propertiesô groundwater poses a risk as a 
chemical contaminant. Together, uranium-234 and uranium-238 account for approximately 90% 
of the groundwater cancer risk under the current and future commercial and industrial land uses. 
Total uranium also accounts for 83% of the groundwater noncancer hazard due to its kidney 
toxicity. 40 CFR Part 141 Subpart G establishes maximum concentrations of contaminants in 
drinking water and has been retained as an ARAR, as discussed in Section 3.2.1. Subpart G lists 
the MCL for uranium to be 30 ɛg/L throughout the plume (40 CFR 141.66 (e)). This standard has 
been identified as the proposed cleanup level for total uranium in the Source Area Propertiesô 
groundwater.  
 

3.4.2. Nickel 

For groundwater, section 5 of 6 NYCRR Part 703 establishes water quality standards and effluent 
limitations for nickel at 100 ɛg/L (6 NYCRR Part 703.5(f)). This standard has been identified as 
a proposed cleanup level for the Source Area Propertiesô groundwater. 
 

3.4.3.  PCE 

For groundwater, 40 CFR Part 141 Subpart G establishes a water quality standard and effluent 
limitation for PCE of 5 ɛg/L (40 CFR 141.61 (a)(15)). This groundwater standard has been 
identified as the proposed cleanup level for the Source Area Propertiesô groundwater. 
 
The remedial technology that will be selected for PCE, will also address other halogenated VOCs 
present within groundwater. This includes other volatile contaminants identified on site that are 
not identified as FUSRAP contamination. 
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3.5. General Response Actions 

GRAs are broad categories of remedies that are capable of remediating contamination at a 
particular site. Like RAOs, they are medium-specific so that each GRA may include several 
technologies or process options, some of which might be extensive enough to satisfy the RAOs 
and ARARs on their own, while others must be combined with different technologies and/or 
process options to achieve the remedial goals and objectives for the FUSRAP site. The 
identification of GRAs is the first step in the identification of remedial technology types and 
specific process options. 
 
The GRAs for the FUSRAP site were established based on knowledge of site-specific conditions, 
such as the extent and degree of contamination in soil and groundwater, the anticipated migration 
of contaminants in soil and groundwater, and potential site receptors based on future land use. The 
GRAs identified as actions under this FS have been selected to satisfy the RAOs and proposed 
cleanup levels so that potential hazards to human health and the environment are minimized. The 
GRAs identified for the FUSRAP site are as follows:  
 

¶ Limited Action; 

¶ Containment; 

¶ Removal; 

¶ Treatment (in situ and ex situ);  

¶ Discharge; and 

¶ Disposal.  

 
The selection of technologies and process options within each GRA is based on the USACEôs 
experience in remediating other FUSRAP sites. The remedy selection process was focused to 
reflect only those potentially applicable technologies and process options common to remedial 
actions performed or considered at FUSRAP sites. A brief description of the remedial technologies 
and process options associated with each GRA is provided in the following sections. The GRAs 
that were evaluated are listed in Table 3-1. 
 

3.5.1. Limited Action 

Limited Action includes LUCs, such as engineering controls (ECs) and Institutional Controls 
(ICs), and monitoring. LUCs would be implemented as detailed in Section 4.2.11. Under this GRA, 
no active remedial measures would be performed.  
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Monitoring is performed to assess contaminant concentrations in various media and potential 
migration through or between those media. Monitored natural attenuation (MNA) encompasses a 
variety of physical, chemical, and biological processes that, under favorable conditions, act 
without human intervention to reduce the mass, toxicity, mobility, volume, or concentration of 
contaminants in soil or groundwater. Attenuation occurs when metals, such as nickel and uranium, 
are naturally attenuated, degradation occurs when degradable chemicals, such as PCE, are 
naturally degraded. This GRA includes groundwater monitoring to document the attenuation/ 
degradation through advection, dispersion, and biodegradation. The groundwater monitoring plan 
typically includes periodic sampling at representative groundwater monitoring wells. 
 
An assessment of attenuation parameters was performed during the RI and found that background 
groundwater conditions are highly aerobic, containing moderately low concentrations of nitrogen 
and sulfate. As the groundwater passes through the MW-22 PCE source area, the geochemical 
conditions do not change appreciably. Oxidation reduction potential values remained highly 
oxidative, nitrate/nitrite concentrations actually increased, and sulfide concentrations remained 
non-detect. This indicates that neither biotic nor abiotic processes are occurring beneath or 
immediately downgradient of the former Sylvania property. 
 

3.5.2. Containment 

Containment limits the mobility of the contaminated media via technologies such as surface water, 
groundwater, and erosion and sediment controls; vertical barriers; horizontal barriers; and capping; 
thus, substantially reducing pathways of potential exposure. The containment GRA provides 
protection of human health and environment by isolating the contaminated media from potential 
receptors.  
 
Capping the site was considered for reducing infiltration. Capping involves placing low-
permeability cover material or a multi-layer cap to limit leaching of COCs to groundwater by 
minimizing surface water infiltration. Capping, like all other actions under the containment GRA, 
would not reduce the toxicity of soil contaminants, but it is potentially effective in reducing 
contaminant mobility or migration. Caps can be constructed of natural materials (i.e., clay), 
synthetic liners and geomembranes, or other semi-impermeable material (e.g., asphalt or concrete).  
 
Similar to capping, vegetative cover / grading / diversion was considered as a form of surface water 
control. This option would redirect surface water runoff at the former Sylvania property away from 
contaminated media and into the existing on-property drainage system, where it would be 
discharged without contacting FUSRAP-contaminants. A sampling plan would be required and 
implemented prior to constructing the surface water controls so that the contamination in the 
existing on-property drainage system is delineated and addressed; this is further discussed in 
Section 4.1. 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 3-23 
Sylvania Feasibility Study_24April2025_Final 
 

 
Vertical barriers, such as sheet piling, a slurry wall, or an injection wall, were also considered. 
These options involve the placement of a barrier in the vadose zone to prevent the lateral off-
property migration of contaminants. For the injection wall, the wall is constructed by a deep 
injection of a geotechnical polymer in a strategic grid pattern.  
 
Horizontal barriers such as grout injection or liners, were also considered. The difference between 
horizontal barriers and vertical barriers is the direction of contaminant transport that they prevent. 
Horizontal barriers prevent vertical migration of contaminants while vertical barriers prevent 
horizontal migration of contaminants. Utilizing liners as a horizontal barrier means placing an 
impermeable barrier at the desired elevation and is not feasible at the former Sylvania property 
due to contaminant depth. Grout injection involves the creation of a barrier by using directional 
drilling and injection of grout.  
 

3.5.3. Removal 

Technologies under this action are effective in reducing contaminant mobility through physical 
removal of the contaminated media. Soil and groundwater removal activities would be performed 
to reduce COCs to acceptable levels, eliminate contaminant migration, and mitigate long-term 
potential of human exposure to the COCs. This GRA does not reduce the volume or contaminant 
levels of COCs. Removal is not stand-alone as it will require a combination of containment, 
treatment, or disposal. Therefore, this response action is often paired with other response actions 
such as treatment or disposal. 
 
Removal technologies considered at the FUSRAP site for nickel, radionuclides and halogenated 
VOCs in soil are soil excavation using conventional construction equipment. Excavation would be 
used to target multiple sumps, dry wells, leach pools, and/or recharge basins impacted by FUSRAP 
waste or to address deep nickel and uranium soil contamination in source areas that are potential 
source areas for groundwater contamination to accelerate groundwater remediation timeframes. 
 
Ancillary activities often included as part of excavation include dust suppression and the 
collection, treatment, or disposal of accumulated residual water in excavation areas (dewatering) 
although dewatering is not anticipated to be necessary based on the porosity of site soils. Dust 
suppression activities have been commonly and successfully used in response actions at other 
FUSRAP and CERCLA sites to adequately protect worker safety and minimize contaminant 
migration. Excavation is an effective means for removing the COCs from the subsurface and 
therefore, this technology is retained for further consideration for addressing contamination in 
shallow and deep on-property soils in areas that undergo hot spot removal. 
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For soil impacted with only halogenated VOCs removal can be accomplished with SVE. SVE is 
an in situ vadose zone soil remediation technology in which a vacuum is applied to the soil to 
remove volatile and some semi-volatile contaminants from the soil. The off gas removed from the 
unsaturated (vadose) zone may require treatment.  
 
Removal technologies for contaminants in groundwater involves collection and extraction for the 
physical removal of the contaminated media, in this case groundwater. More specifically, there 
were three methods of groundwater collection assessed under this GRA. The three methods are 
extraction wells, dual phase extraction (DPE), and interceptor trenches. More information on these 
three methods follows below: 
 

¶ Extraction wells are typically used to pump groundwater from the contaminated 
portion of the aquifer using vertical wells screened within the zone of contamination. 
They are normally used in applications when contamination is deep in the aquifer.  

¶ DPE, also known as multi-phase extraction, vacuum-enhanced extraction, or 
sometimes bioslurping, is a technology that uses a high vacuum system to remove 
various combinations of contaminated groundwater, separate-phase petroleum 
product, and hydrocarbon vapor from the subsurface. Extracted liquids and vapor are 
treated and collected for disposal. 

¶ Interceptor trenches are primarily used to collect shallow groundwater and are placed 
perpendicular to the primary flow direction within the aquifer. Groundwater is 
typically collected by pumping from a perforated pipe placed in a trench filled with 
permeable materials. 

 

3.5.4. In situ Treatment 

Treatment is the preferred action under the NCP. This preference is satisfied when treatment is 
used to reduce the principal threats at a site through destruction of toxic contaminants, reduction 
of total mass of toxic contaminants, irreversible reduction in contaminant mobility, or reduction in 
total volume of contaminated media. The following provides a brief summary of the applicable 
treatment actions screened under this GRA.  
 
A variety of in situ treatment processes were identified and screened for Source Area Properties 
soil and groundwater associated with the FUSRAP site. Treatment actions evaluated included 
physical, chemical, biological, and thermal technologies.  
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In situ Physical Processes 
The in situ physical processes considered included soil flushing, solidification/stabilization, air 
sparging, and in-well air stripping. These technologies are summarized below: 
 

¶ In situ Soil flushing involves the mobilization of contaminants from soil through 
injection of a solvent (i.e., typically water) and collection of the flushing solution 
through extraction pumping. 

¶ In situ solidification/stabilization (IS/S) techniques would solidify the soil matrix 
through injection of grouting materials into contaminated soil to reduce the mobility 
of the COCs.  

¶ Air sparging is an in-situ technology in which air is injected through a contaminated 
aquifer. This injected air volatilizes halogenated contaminants which would migrate 
up into the unsaturated zone where a vapor extraction system is used to remove the 
generated vapor phase contamination. 

¶ In-well air stripping is a technology where air is injected into a vertical well that has 
been screened at two depths. The lower screen is set in the groundwater saturated zone, 
and the upper screen is in the vadose zone. Pressurized air is injected into the well 
below the water table, aerating the water. The aerated water rises in the well and flows 
out of the system at the upper screen. The VOCs vaporize within the well at the top of 
the water table, as the air bubbles out of the water. The vapors are drawn off by an 
SVE system. 

 
In situ Chemical Processes 
The in situ chemical processes considered included chemical oxidation, chemical reduction, and 
permeable reactive barriers. These technologies are summarized below: 
 

¶ In situ chemical oxidation (ISCO) would utilize a chemical oxidant to chemically 
convert contaminants to less toxic compounds. 

¶ In situ chemical reduction (ISCR) would utilize a strong chemical reducing agent like 
microscale or nanoscale zero-valent iron to treat halogenated organic compounds. 

¶ A permeable reaction barrier or wall is installed across the flow path of a contaminant 
plume, allowing the plume to passively move through the wall. These barriers allow 
the passage of water while retarding or prohibiting the movement of contaminants by 
employing such agents as zero-valent metals, chelators (ligands selected for their 
specificity for a given metal), sorbents, microbes, and others.  
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In situ Biological Processes 
The in situ biological processes considered were enhanced bioventing, enhanced bioremediation, 
and phytoremediation. These technologies are summarized below: 
 

¶ Bioventing stimulates the natural in situ biodegradation of aerobically degradable 
compounds in soil by providing oxygen to soil microorganisms. 

¶ Enhanced bioremediation is a process that attempts to accelerate the natural 
biodegradation process by providing nutrients, electron acceptors, and competent 
degrading microorganisms that may otherwise be limited to encourage the rapid 
conversion of contamination organics to innocuous end products. 

¶ Phytoremediation is a process that uses plants to remove, transfer, stabilize, and/or 
destroy contaminants in soil and sediment. The mechanisms of phytoremediation 
include enhanced rhizosphere biodegradation, Phyto-extraction (also called Phyto-
accumulation), Phyto-degradation, and Phyto-stabilization. 

In situ Thermal Processes 
The in situ thermal processes considered were hot water or steam injection, thermal desorption, 
and in situ vitrification. These technologies are summarized below: 
 

¶ In situ thermal desorption is a thermal treatment process designed to enhance the 
volatilization and subsequent capture and treatment of volatile organic compounds. 
Heating can be achieved via several options, including electrical-resistance heating 
(i.e., passing electricity through soil via electrodes), hot water or steam injection, and 
thermal conduction (via electrical heaters). For hot water or stream injection, hot water 
or steam is forced into an aquifer through injection wells to vaporize volatile 
contaminants. Vaporized components rise to the unsaturated (vadose) zone where they 
are removed by vacuum extraction and then treated. Hot water or steam-based 
techniques include Contained Recovery of Oily Waste, steam injection and vacuum 
extraction, in situ steam-enhanced extraction, and steam-enhanced recovery process. 

¶ In situ vitrification is another in situ solidification/ stabilization process which uses an 
electric current to melt soil or other earthen materials at extremely high temperatures 
(1,600 to 2,000 ÁC or 2,900 to 3,650 ÁF) and thereby immobilize most inorganics 
(including radionuclides and heavy metals) and destroy organic pollutants by 
pyrolysis. Inorganic pollutants are incorporated within the vitrified glass and 
crystalline mass, which is chemically stable and leach resistant. Water vapor and 
organic pyrolysis combustion products undergo off-gas treatment to remove 
particulates and other pollutants. 
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3.5.5. Ex situ Treatment 

A variety of ex situ treatment processes were identified and screened for Source Area Properties 
soil and groundwater associated with the FUSRAP site. Treatment actions evaluated included 
physical, chemical, thermal, and biological technologies. Comparatively, ex situ treatment actions 
may have shorter treatment times than in situ processes. Additionally, ex situ treatments can also 
reduce uncertainty through the use of homogenization, screening and mixing processes, which 
encourage uniformity.  
 
Ex situ Physical Processes 
The ex situ physical treatments considered for the FUSRAP site include soil washing, air stripping, 
carbon adsorption, and filtration which includes ultrafiltration, microfiltration, nanofiltration, and 
reverse osmosis. These technologies are summarized below: 
 

¶ Soil washing is a water-based process for scrubbing soils ex situ to remove 
contaminants. The process removes contaminants from soils in one of two ways: by 
dissolving or suspending them in a wash solution (which can be sustained by chemical 
manipulation of pH for a period of time); or by concentrating them into a smaller 
volume of soil through particle size separation, gravity separation, and attrition 
scrubbing. The wash water may be augmented with a basic leaching agent, surfactant, 
pH adjustment, or chelating agent to help remove organics and heavy metals. 

¶ Air stripping is a technology in which volatile organics are partitioned from 
groundwater by greatly increasing the surface area of the contaminated water exposed 
to air. Types of aeration methods include packed towers, diffused aeration, tray 
aeration, and spray aeration. Air stripping involves the mass transfer of volatile 
contaminants from water to air. 

¶ Liquid phase carbon adsorption is a technology in which groundwater is pumped 
through one or more vessels containing activated carbon to which dissolved organic 
and low concentration of metal contaminants adsorb. 

¶ Filtration is the physical process of mechanical separation based on particle size 
whereby particles suspended in a fluid are separated by forcing the fluid through a 
porous medium. As fluid passes through the medium, the suspended particles are 
trapped on the surface of the medium and/or within the body of the medium. 
Ultrafiltration / microfiltration / nanofiltration is a process where particles are 
separated by forcing a fluid such as groundwater through a semi-permeable 
membrane. Only the particles whose sizes are smaller than the openings of the 
membrane would flow through the membrane. Reverse osmosis uses a selectively 
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permeable membrane that allows water to pass through it, but which traps inorganics 
and radionuclide ions on the concentrated, contaminated liquid side of the membrane. 

 
Ex situ Chemical Processes 
The ex situ chemical treatments considered for the FUSRAP site include chemical extraction, 
dehalogenation, solidification/ stabilization, precipitation/ coagulation/ flocculation, ultraviolet 
oxidation, and ion exchange. These technologies are summarized below:  
 

¶ Chemical extraction is a means of separating hazardous contaminants from soils, 
sludges, and sediments, thereby reducing the volume of the hazardous waste that must 
be treated. The technology uses an extracting solvent and differs from soil washing, 
which generally uses only water or water with wash-improving additives. 

¶ Dehalogenation is a process in which reagents are added to soils contaminated with 
halogenated organics. The dehalogenation process is achieved by either the 
replacement of the halogen molecules or the decomposition and partial volatilization 
of the contaminants. Two such processes are base-catalyzed decomposition and 
alkaline polyethylene glycol. 

¶ Ex situ solidification/stabilization is similar to in situ solidification/stabilization 
except that the process is performed after the soils and waste materials are excavated. 
Contaminants are physically bound or enclosed within a stabilized mass 
(solidification), or chemical reactions are induced between the stabilizing agent and 
contaminants to reduce their mobility (stabilization). 

¶ Precipitation of metals, including radioactive isotopes, is often used as a pretreatment 
for other treatment technologies (such as chemical oxidation or air stripping) where 
the presence of metals would interfere with the other treatment processes. In the 
precipitation process, chemical precipitants, coagulants, and flocculation are used to 
increase particle size through aggregation allowing for their physical removal.  

¶ Ultraviolet (UV) oxidation is a destruction process that oxidizes organic constituents 
in wastewater by the addition of strong oxidizers and irradiation with UV light. 
Oxidation of the target contaminants may be caused by direct reaction with the 
oxidizers, UV photolysis, and through the synergistic action of UV light, in 
combination with ozone and/or hydrogen peroxide. 

¶ Ion exchange removes ions from the aqueous phase by the exchange of cations or 
anions between the contaminants and the exchange medium. 
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Ex situ Biological Processes 
The ex situ biological processes considered were slurry phase bioremediation and bioreactors. 
These technologies are summarized below: 
 

¶ Slurry phase biological treatment involves the controlled treatment of excavated soil 
in a bioreactor. After physically separating stones and rubble, the excavated soil is 
slurried with water in a reactor vessel to which nutrients and oxygen are added to form 
a mixture containing 10 to 30 percent solids by weight. If necessary, an acid or alkali 
may be added to control pH. Microorganisms also may be added if a suitable 
population is not present. When biodegradation is complete then the soil slurry is 
dewatered and the treated soil is disposed. 

¶ Bioreactors degrade contaminants in water with microorganisms through attached or 
suspended biological systems. Activated sludge, fluidized beds, or sequencing batch 
reactors are types of suspended growth systems. Up flow fixed film bioreactors, 
rotating biological contactors, and trickling filters are types of attached growth 
systems. 

Ex situ Thermal Processes 
The ex situ thermal processes considered were thermal desorption, incineration, ex situ 
vitrification, and steam stripping. These technologies are summarized below: 
 

¶ Thermal desorption is a physical separation process in which wastes are heated to 
volatilize water and organic contaminants. Organics are not destroyed or oxidized. A 
carrier gas or vacuum system transports volatilized water and organics to the gas 
treatment system. Two common thermal desorption designs are the rotary dryer and 
thermal screw. The off gas is treated to remove particulates and contaminants prior to 
discharge to the atmosphere. 

¶ Under thermal treatment via incineration, high temperatures, 870 to 1,200 ÁC (1,400 
to 2,200 ÁF), are used to volatilize and combust (in the presence of oxygen) 
halogenated and other refractory organics in hazardous wastes. Often auxiliary fuels 
are employed to initiate and sustain combustion. Off-gases and combustion residuals 
generally require treatment. 

¶ Ex situ vitrification is similar to in situ vitrification except the process is conducted 
after the contaminated media are excavated. During ex situ vitrification, heat is 
applied to immobilize most inorganics (including radionuclides and heavy metals) and 
destroy organic pollutants by pyrolysis. Water vapor and organic pyrolysis 
combustion products undergo off-gas treatment to remove particulates and other 
pollutants. While the final non-leaching glassy solid product does not require further 
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treatment, vitrified radioactive waste must be properly handled, stored and disposed 
of because the radioactivity is not destroyed. Devices that can be used for ex situ 
vitrification include joule-process heating furnaces, plasma furnaces, electric arc 
furnaces, microwave furnaces, and coal-, gas- or oil-fired cyclone furnaces. 

¶ Steam stripping is a process similar to air stripping except the air phase has been 
replaced by steam. The higher temperature of operation results in a greater transfer of 
organic compounds from the groundwater phase to a steam distillate phase that must 
be condensed for further separation. 

 
3.5.6. Discharge 

This GRA involves the discharge of groundwater after it has been treated and therefore must be 
paired with collection and treatment GRAs. The alternatives of discharging treated groundwater 
on-property and off-property were evaluated under this GRA. More specifically, the on-property 
options evaluated for discharge were a recharge basin and an injection well or series of injection 
wells on the former Sylvania property. The off-property locations considered for discharge 
included an off-property stream or pond, an existing off-property recharge basin, and a local 
publicly owned treatment works (POTW). In addition to on-property and off-property discharge 
of groundwater, atmospheric discharge for gas emissions was also evaluated. 
 

3.5.7. Disposal 

Disposal of contaminated materials can be implemented off-site at a licensed or permitted facility 
and will provide permanent and final placement of waste materials in a manner that protects human 
health and the environment. This GRA does not address the removal of COC-contaminated media 
from the subsurface and therefore must be paired with removal actions and/or GRAs. The two 
methods considered under the Disposal GRA are land encapsulation and landfilling. More 
information on these two methods is as follows: 
 

¶ Land encapsulation involves consolidation and disposal of wastes on-property. Land 
encapsulation involves installing a liner or other impermeable material in the base of the 
disposal cell. Waste requiring disposal is then transported and backfilled into the lined, 
excavated cell and an appropriate cap is applied. The combination of a liner below and 
around the waste laterally with a cap added to the top forms a complete containment 
system. On-property land encapsulation differs from the containment GRA of capping in 
that land encapsulation is a disposal method that involves ex situ consolidation of waste 
in an excavated and dedicated disposal cell whereas capping is a containment method 
that occurs with waste remaining in situ. 
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¶ Landfilling involves the offsite transport of material and wastes. Non-hazardous materials 
can be disposed in permitted RCRA Subtitle D landfills, hazardous materials can be 
disposed in permitted RCRA Subtitle C landfills, and radioactive wastes can be disposed 
in licensed or permitted facilities for such wastes. 

 
3.6. Identification and Initial Screening of Remedial Technologies 

The GRAs identified in Section 3.5 were further described and screened according to technology 
type and process options. The process options selected for evaluation were selected based on 
common industry practices, guidance provided by the USDOE and the USEPA regarding typical 
cleanup of soils contaminated with COCs, and previous CERCLA cleanups of similar FUSRAP 
sites. 
 
The rationale for either retaining or eliminating certain processes has been summarized in Table 
3-1. The following questions were addressed during the initial screening process: 
 

¶ Is the technology effective at removing, containing or treating the COCs at the 
FUSRAP site, or by contrast does it facilitate its migration? 

¶ Does interference from other elements found in soil or in groundwater prevent the 
technology from effectively removing, containing, or treating the COCs? 

¶ Are site conditions optimal for proper operation of process options based on the 
technology? 

¶ Has the effectiveness of the technology been demonstrated in the field, or has it not 
progressed beyond laboratory experimentation? 

¶ Does the basis for the technology focus on remediating the media of concern (i.e., soil 
and groundwater) or does it relate to other media (i.e., surface water, sediment, or air)? 

¶ Is the technology effective in a reasonable time frame? 

 
During the initial screening process, technologies and options that were determined to be not 
applicable to the FUSRAP site based on one or more of the above factors were removed from 
further consideration. The environmental media that was considered for this FS has been limited 
to Source Area Properties soils and groundwater. Those technologies or process options that are 
not shaded in Table 3-1 passed the initial screening process and were retained for further detailed 
evaluation in Section 3.7.  
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3.7. Evaluation of Technologies 

The technologies and process options retained under Section 3.6 have been further screened 
against evaluation criteria of effectiveness, implementability, and general costs relative to site-
specific conditions. Based on the USEPA guidance (USEPA 1988), this evaluation focuses on the 
effectiveness criterion, with less emphasis placed on implementability and relative cost. Those 
technologies and process options that pass the following screening are either required as part of 
the CERCLA process or anticipated to achieve RAOs for the FUSRAP site, either singularly or 
paired with other technologies or process options. The results of the secondary screening are 
summarized in Table 3-2 and detailed in this section. Descriptions of each technology were 
presented in previous sections; therefore, only the conclusions of the screening evaluations are 
presented. Effectiveness, implementability and cost criteria are further defined below. 
 
Effectiveness ï This evaluation criterion focuses on whether the process option protects human 
health and the environment; achieves the RAOs based on the nature and estimated volume of 
FUSRAP contamination; and is proven and effective with respect to the COCs at the FUSRAP 
site. Accordingly, evaluating this criterion would address the capacity of the technology or process 
option to reduce COC concentrations or exposure levels, recover COC-contaminated media for 
subsequent treatment (as applicable), and perform its intended function in a reasonable length of 
time. Lastly, evaluating the reliability of each process option would include a review of operations 
and maintenance (O&M) requirements, which can be significant, to continually protect human 
health and the environment. 
 
Implementability ï This evaluation criterion encompasses both the technical and administrative 
feasibility of the process option or technology. Technical feasibility relates to the availability of 
the technology, relative ease or difficulty with operating and maintaining the technology, and the 
time in which the technology can be constructed and implemented. Administrative feasibility 
addresses the availability of treatment, storage, and disposal facilities, the availability of 
workers/contractors to implement the technology, and the ability to obtain support from the 
appropriate government agency. Support by the governing agency is based upon their stance on 
employing the technology, which can be influenced by additional steps that may be necessary for 
the implementation of a certain technology, such as pretreatment requirements or the need for 
management of residual wastes. The additional process steps may be viewed as complications that 
can increase the potential of an environmental release adversely impacting human health and the 
environment. 
 
Cost ï The cost criterion plays a lesser role compared to implementability and effectiveness in this 
evaluation prior to development of alternatives. Relative capital costs and O&M costs are based 
on literature and engineering judgement rather than detailed estimates. The cost analysis for each 
process is evaluated on its costs relative to other process options evaluated. 
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3.7.1. Limited Action 

Groundwater Monitoring: Periodic sampling of on-property groundwater monitoring wells can 
be useful in documenting existing conditions and evaluating risks at pre-determined intervals. This 
process option does not reduce the toxicity, mobility, or volume of the source of COCs. Due to the 
presence of extensive existing Source Area Properties and downgradient groundwater monitoring 
wells, this process option is easily implementable. To get a thorough understanding of the 
movement and attenuation of the contaminant plumes, the monitoring needs to be performed over 
a long timeframe, which would increase the costs. When compared to other process options the 
costs to perform this process option are low. Monitoring of Source Area Properties groundwater 
has been retained for alternative development as a component of or following other source area 
treatment alternatives.  
 

3.7.2. Containment 

Capping: Source Area Properties containment would not remove the toxicity or volume of the 
source of COCs but would instead reduce the mobility of the COCs. Through proper design, this 
GRA would be effective in reducing COC mobility as long as its integrity is maintained and 
properly functioning. Capping may limit future reuse, does not remediate existing on-site 
contamination, and will require maintenance and upkeep longer than many other remedial 
technologies for soils. 
 
Capping was the containment technology retained for further consideration under the initial 
screening. The current site coverage does not provide a complete or adequate cap. The FUSRAP 
site is currently covered by a mixture of existing buildings, concrete foundation slabs, paved areas, 
and gravel backfill. The Driving Range Property consists of grassed areas. A new capping system 
design at the FUSRAP site would be constructed with a single or multiple layer cap that would 
meet the requirements to limit infiltration. Technically, implementing a cap is considered an 
engineering control and is a typical remedial action that is readily constructible with common 
materials and equipment. Implementation of a cap requires continued restrictions to be placed on 
current and future use of the Source Area Properties to prevent stormwater exposure from leaching 
COCs to groundwater. Capping would require long-term maintenance as long as the contamination 
exists. The costs associated with cap construction would be low relative to other process options; 
however, costs associated with administration and long-term O&M may be substantial. This 
technology has been retained for alternative development. 
 

3.7.3. Removal 

Excavation: Excavation, as a stand-alone remediation technique, is not sufficient to fully 
remediate the site. It can be utilized for removal of shallow sumps, leach pools, cesspools, and 
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other areas that contain source material identified during previous investigations. This includes the 
UST identified beneath B100. Excavation is an effective means for removing halogenated VOCs, 
Ni, and Uranium from shallow soils up to 15 feet in depth. Deep soils exhibiting Nickel and 
Uranium contamination could also be candidates for excavation. This could be accomplished using 
large diameter bucket or solid flight augers; therefore, this technology is retained for further 
consideration for addressing contamination in deep on-property soils in Nickel and Uranium areas 
that undergo hot spot removal. For remediating halogenated VOCs in deeper soil, SVE as 
described below would be effective and more easily implemented. 
 
Soil Vapor Extraction: SVE has been shown effective for remediating halogenated VOCs and 
can be used as stand-alone technology or in combination with other technologies. Depending on 
the location of the underground SVE piping, this process option will need to consider interferences 
from existing subsurface structures like drainage systems, building foundations, and monitoring 
wells. Technically, implementing an SVE system is a typical remedial action for removing 
halogenated VOCs that is readily implementable with common materials and equipment. The 
capital costs associated with constructing an SVE system would be low to moderate, and the costs 
associated with administration and long-term O&M would be moderate relative to other process 
options. 
 
An SVE system was implemented as part of a pilot study at the FUSRAP site in 2022. The SVE 
Pilot Study showed that SVE was a viable technology that could be implemented on the Source 
Area Properties to address the contamination in the upper and lower vadose zone soils. SVE was 
able to maintain airflow and achieve excellent product recovery over a large area of influence. 
Parameters for SVE operation were determined during the pilot test that could be used in design if 
selected as a remedial action. A report detailing the findings from that study are included as 
Appendix B. This technology has been retained. 
 
Groundwater Extraction: Groundwater Extraction also known as Pump and Treat (P&T) is 
utilized at many remedial sites since it can be effective at removing COCs. It is easily 
implementable but will require combining it with ex situ treatment options since direct discharge 
is not possible due to the type of COCs at the Source Area Properties. P&T has a low capital and 
O&M cost components when compared to other process options. It has been retained for 
alternative development. 
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3.7.4. Treatment 

In situ Treatment 

Physical Processes 

Soil Flushing: Soil flushing is effective for remediating COCs depending on the use of suitable 
aqueous solutions. It is typically used in combination with other remedial technologies, such as an 
injection or infiltration technology. The Uranium Mobility Study (Appendix A) found that a 
majority of uranium is present in a carbonate phase which makes soil flushing of uranium feasible; 
no data for nickel was generated but the limited soil cation exchange capacity (CEC) and minimal 
total organic carbon (TOC) identified during the study also make nickel flushing feasible. Due to 
the existing drainage system at the former Sylvania property, this process option may experience 
short circuiting, especially in areas of irregular backfill such as former recharge basins and areas 
where active stormwater infiltration basins are located; however, soil flushing would target areas 
beneath former remedial cells where historical drainage systems have been removed. Borings 
completed after remedial cell excavation have shown that the interface between fill and native soils 
is nearly indistinguishable meaning that short circuiting should not be an issue in these areas. The 
costs of implementing this process option are moderate relative to other process options. This 
process option has been retained for alternative development. 
 
Air Sparging: Air sparging is an in situ technology in which air is injected into a contaminated 
aquifer. It has shown to be effective at treating halogenated VOCs at FUSRAP sites in the shallow 
portion of an aquifer. Depending on the situation, AS can be used as a stand-alone process option 
or be combined with other technologies, such as SVE. AS is readily implementable at the FUSRAP 
site, although implementing this process option means interferences from existing subsurface 
structures like the existing drainage system and building foundations need to be considered. AS 
does have the potential to worsen the contamination if not implemented correctly. AS has a low to 
moderate capital cost component when compared to other process options. AS also has a moderate 
O&M component when compared to other process options. It has been retained for alternative 
development.  
 
Air sparging was implemented as part of a pilot study at the FUSRAP site in 2022. AS 
implemented during the Pilot Study showed that AS was a viable technology that could be 
implemented on the Source Area Properties to address the contamination in shallow groundwater. 
AS was able to mound groundwater and maintain good airflow to achieve product recovery. 
Parameters for AS operation were determined during the pilot test that could be used in design if 
selected as a remedial action. 
 
In Situ Solidification/Stabilization: IS/S through introduction of binder additives is very 
effective in treating soils contaminated with nickel and radionuclides. This process option reduces 
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the solubility and mobility of the nickel and radionuclides but does not mitigate the toxicity or the 
volume; in fact, in some instances it can increase the volume of contaminated soil and debris 
significantly. The costs of implementing this process option are moderate to high relative to other 
process options depending on the geologic characteristics of the soil. Due to the presence of a 
proper functioning existing drainage system at the former Sylvania property, solidification 
technology cannot be utilized because it will interfere with the flow of water through this drainage 
system and the function of wells. Due to potential drainage interferences, chemical stabilization 
has not been retained for further consideration. Additionally, IS/S below groundwater will be 
affected by high salinity observed during groundwater sampling which will impede hydration of 
cements and grouts and will affect long-term durability. 
 
Chemical Treatment

Chemical Oxidation: Chemical oxidation is a process where oxidation chemically converts
contaminants to less toxic compounds. Chemical oxidation is a proven technology for treating
halogenated VOCs in groundwater. It can be used as a stand-alone technology; however, additional
treatment steps will have to be added to remove nickel and radionuclides from the groundwater.
Depending on the oxidant chosen for this treatment, the cost of the process option will vary
between moderate and high relative to other process options. Depth of injections may prove
prohibitive. Based on the COCs, ISCR is preferred over ISCO. Chemical oxidation has the
potential to mobilize uranium and is not compatible with P&T; therefore, this process option has
not been retained for alternative development.
 
Chemical Reduction: Chemical reduction is a process that makes use of strong chemical reducing 
agents like microscale or nanoscale zero-valent iron to treat halogenated organic compounds in 
groundwater. Chemical reduction is a proven technology for treating halogenated VOCs and nickel 
in groundwater. It can be used as a stand-alone technology; however, an additional treatment step 
will have to be added to remove radionuclides from the groundwater. Depending on the reducing 
agent chosen for this treatment, the cost of the process option can vary between moderate and high 
relative to other process options; however, since the aquifer is aerobic and contaminants are almost 
fully oxidized it will have a higher cost due to increased reagent use. The aquifer redox state and 
conditions will lower effectiveness and prevent chemical reduction from being a long-term 
solution. Depth of injections may prove prohibitive. Chemical reduction has not been retained for 
alternative development.  
 
Biological Processes 

Bioventing: Bioventing stimulates the natural in situ biodegradation of any aerobically degradable 
compounds in soil by providing oxygen to existing soil microorganisms. It is effective for 
remediating halogenated VOCs and can be used as a stand-alone process option or in combination 
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with other technologies. It is readily implementable at the FUSRAP site. The implementation of 
bioventing will have to consider interferences from existing subsurface structures like the drainage 
system, building foundations, and monitoring wells. The capital costs associated with 
implementing bioventing are low to moderate relative to other process options and the costs 
associated with administration and long-term O&M would be moderate relative to other process 
options. However, since the vadose zone and groundwater are already both highly oxidized and 
little degradation has been documented it is unlikely that there is a high population to stimulate; 
this alternative has not been retained. 
 
Enhanced Bioremediation: Similar to bioventing, enhanced bioremediation is a destruction 
technique that stimulates microorganisms to grow and use the contaminants as a food and energy 
source. It is effective for remediating halogenated VOCs and can be used as a stand-alone process 
option or in combination with other technologies. It is readily implementable at the FUSRAP site. 
The implementation of enhanced bioremediation will have to consider interferences from existing 
subsurface structures like the drainage system, building foundations, and monitoring wells. The 
capital costs associated with implementing enhanced bioremediation would be low to moderate 
relative to other process options and the costs associated with administration and long-term O&M 
would be moderate relative to other process options.  
 
Enhanced bioremediation has been shown to be able to stabilize uranium and metals. Stabilization 
is accomplished by exploiting the unique metabolic capabilities of the anaerobic bacterium, 
Clostridium sp. The radionuclides and metals are solubilized by the bacteria directly by enzymatic 
reductive dissolution, or indirectly due to the production of organic acid metabolites. The 
radionuclides and toxic metals released into solution are immobilized by enzymatic reductive 
precipitation, biosorption and redistribution with stable mineral phases in the waste. As this is a 
multiphase approach to addressing uranium and nickel, which does not remove the contaminants 
from the groundwater, is not compatible with pump and treat, and the inherent difficulties of 
changing the oxidative state of the aquifer for populating anaerobic bacterium; it has not been 
retained for alternative development.  
 
Thermal Processes 

Thermal Desorption: In situ thermal desorption is a thermal treatment process designed to 
enhance the volatilization and subsequent capture and treatment of volatile organic compounds. It 
is effective for remediating halogenated VOCs and can be used as a stand-alone process option or 
in combination with other technologies. It includes electrical resistance heating (ERH), HAI, and 
hot water or steam injection. The implementation of thermal desorption will have to consider 
interferences from existing subsurface structures like the drainage system, building foundations, 
and monitoring wells.  
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Electrical Resistance Heating: Thermal desorption from ERH is a polyphase electrical technique 
used to resistively heat soil to mobilize and volatilize VOCs. ERH is known to be effective for 
remediating halogenated VOCs. ERH could achieve reduction of contaminant concentrations 
within the silt layer; however, treatment volumes that have a large surface area but are thin with 
respect to depth will have significant heat losses which makes ERH less efficient. The minimum 
treatment interval for efficient ERH remediation is approximately 10 vertical feet and the silt layer 
has been found to non-existent to 4 feet in thickness across the site. The electrodes also need to 
remain moist to maintain current which means that water injection may be required to keep the 
high porosity upper and lower sand and gravel layers moist enough to carry current. Depending on 
how this is accomplished it may be difficult to contain stray electrical currents. The costs 
associated with implementing ERH are higher than other available process options that are equally 
effective. ERH has not been retained for alternative development.  
 
Heated Air Injection: HAI was coupled with SVE during the pilot study at the FUSRAP site in 
2022. The high porosity of the upper and lower vadose zones resulted in poor heat transfer from 
this method of heat introduction. It was determined that contaminants within the lower 
permeability silt layer would not be readily remediated using heated air injection.  
 
Hot Water or Steam Injection: Hot water or steam is forced into an aquifer through injection wells 
to vaporize volatile and semi-volatile contaminants. It is known to be effective for remediating 
halogenated VOCs and can be used as a stand-alone process option or in combination with other 
technologies. Additional treatment steps will have to be added to this process option so that it can 
also treat nickel and radionuclides in groundwater. This process option is implementable at the 
FUSRAP site, although with moderate difficulty due to interferences from existing subsurface 
structures like the existing drainage system and building foundations. The high energy requirement 
for this process option means that hot water or steam injection has a higher cost relative to other 
process options being considered. Hot water or steam injection has not been retained for alternative 
development.  
 
Ex situ 

Physical Processes 

Air Stripping: Air stripping is a technology in which volatile organics are partitioned from 
groundwater by greatly increasing the surface area of the contaminated water exposed to air. Air 
stripping is very effective at removing halogenated VOCs from groundwater. It would need to be 
combined with an extraction GRA and a disposal GRA, at a minimum. Additionally, several 
treatment steps would need to be added to the air stripper to treat the groundwater for nickel and 
radionuclides. Air stripping comes with moderate to high capital and O&M costs when compared 
to other process options. The variability in the cost of air stripping is mainly caused by the type of 
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equipment used and groundwater flow rate. Ex situ air stripping has been retained for alternative 
development.  
 
Carbon Adsorption: Liquid phase carbon adsorption is a technology in which groundwater is 
pumped through one or more vessels containing activated carbon to which dissolved organic 
contaminants adsorb. Carbon adsorption is effective at removing halogenated VOCs from 
groundwater. It can be combined with other ex situ treatment options to create a treatment train in 
which carbon adsorption serves as primary treatment or a polishing treatment step. Combining 
carbon adsorption with other process options is a requirement so that nickel and radionuclides can 
be removed from groundwater. This process option is readily implementable at the FUSRAP site. 
The type of equipment and groundwater flow rate will dictate the exact cost of the system, but it 
is expected that carbon adsorption will have moderate to high capital costs and low maintenance 
costs relative to other process options. Ex situ carbon adsorption has been retained for alternative 
development. 
 
Filtration: Filtration is the physical process of mechanical separation based on particle size 
whereby particles suspended in a fluid are separated by forcing the fluid through a porous medium. 
It is effective for removing nickel and radionuclides from groundwater and is therefore normally 
combined with other ex situ physical treatment processes. Most often, it is used as a pre-treatment 
step for carbon adsorption in combination with other technologies. Like other ex situ physical 
processes, it is readily implementable. Depending on the type of filter and filter media being used, 
it may require backwashing or disposal after being spent. Both the capital costs and O&M costs 
for filtration are low to moderate relative to other treatment processes. The main variable in the 
cost for filtration is the type of equipment used and the frequency that the filter media needs to be 
replaced. 
 
Ultrafiltration / microfiltration / nanofiltration: Ultrafiltration / microfiltration / nanofiltration is 
a process where particles are separated by forcing a fluid such as groundwater through a semi-
permeable membrane. It is effective for removing nickel and radionuclides from groundwater and 
is therefore normally combined with other ex situ physical treatment processes. Most often, it is 
used as a pre-treatment step for carbon adsorption in combination with other technologies. Like 
other ex situ physical processes, it is readily implementable. The costs for implementing 
ultrafiltration / microfiltration are higher than other available process options that are equally 
effective. The increase in cost is due to the more advanced technology that is used for this process 
option. Due to ultrafiltration / microfiltration / nanofiltration being more expensive than other 
technologies that are equally effective, it has been removed from alternative development. 
 
Reverse Osmosis: Reverse osmosis uses a selectively permeable membrane that allows water to 
pass through it, but which traps inorganics and radionuclide ions on the concentrated, contaminated 
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liquid side of the membrane. It is effective for removing nickel and radionuclides from 
groundwater and is therefore normally combined with other ex situ physical treatment processes. 
In this case, it would need to be combined with a treatment process that removes halogenated 
VOCs, like air stripping or carbon adsorption. Like other ex situ physical processes, it is readily 
implementable. It should be noted that a concentrate is formed from this technology and that the 
concentrate will need to be disposed of properly. The capital costs for implementing reverse 
osmosis are moderate to high and the O&M costs are moderate relative to other process options. 
The main variable in the cost for reverse osmosis is the type of equipment and the groundwater 
flow rate. Reverse osmosis has been retained as an ex situ process for alternative development. 
 
Chemical Processes 

Precipitation / Coagulation / Flocculation: Precipitation of metals, including their radioactive 
isotopes is often used as a pretreatment for other treatment technologies. This process option is 
effective for removing nickel and radionuclides but is unable to remove halogenated VOCs. 
Specific technologies approved by USEPA for removing uranium from drinking water via 
precipitation are coagulation/filtration and lime softening. Precipitants/coagulants/flocculants 
include lime, ferrous sulfate, alum, ferric chloride, and polymers with lime softening being the 
most readily recognized process. Therefore, as is commonly done with precipitation / coagulation 
/ flocculation, it would be combined with other treatment technologies, such as carbon adsorption, 
to remove the COCs at the FUSRAP site. This treatment is readily implementable at the FUSRAP 
site, except it should be noted that the settled sludge from the system will require characterization 
and disposal. The capital costs for implementing this process option are low to moderate and the 
O&M costs are low relative to other process options. The main variable in the cost for precipitation 
/ coagulation / flocculation is the type of equipment used and the groundwater flow rate. This 
ex situ process option has been retained for alternative development. 
 
UV Oxidation: UV oxidation is a destruction process that oxidizes organic constituents in 
wastewater by the addition of strong oxidizers and irradiation with UV light. It has been 
demonstrated to be effective at treating halogenated VOCs. Due to its inability to treat nickel and 
radionuclides in groundwater, it is frequently combined with other ex situ technologies that do 
remediate those constituents. UV oxidation technology is readily implementable at the FUSRAP 
site for treating groundwater. The capital costs for implementing this process option are moderate 
to high and the O&M costs are moderate relative to other process options. The main variable in 
the cost for UV oxidation is the type of equipment used and the groundwater flow rate. This ex situ 
process option has been retained for alternative development. 
 
Ion Exchange: Ion exchange removes ions from the aqueous phase by the exchange of cations or 
anions between the contaminants and the exchange medium. It has been demonstrated to be 
effective at removing nickel and radionuclides from groundwater. Similar to other ex situ process 
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options, it is readily implementable as part of a treatment train. A treatment train, of which ion 
exchange is a stage, is required to remove all the COCs from Source Area Properties groundwater. 
The capital costs for implementing this process option are moderate to high and the O&M costs 
are low to moderate relative to other process options. The main variable in the cost for ion 
exchange is the type of equipment and the groundwater flow rate. This ex situ process option has 
been retained for alternative development. 
 
Biological Processes 

Bioreactors: Bioreactors degrade contaminants in water with microorganisms through attached or 
suspended biological systems. Bioreactors have been demonstrated to be effective at treating 
halogenated VOCs in water. Due to its inability to treat nickel and radionuclides in groundwater, 
it is frequently combined with other ex situ technologies that do remediate those constituents. 
Bioreactors are well-understood technology and are readily implementable at the FUSRAP site. 
The costs for implementing this technology are higher than other available process options that are 
equally effective at removing COCs. The higher costs of the bioreactor can be attributed to the 
chemical oxygen demand of the waste stream and the need to neutralize the waste stream. Due to 
the cost of implementing bioreactors being higher than other available process options that are 
equally effective, it has been removed from alternative development.  
 
Thermal Processes 

Steam Stripping: Steam stripping is a process similar to air stripping where the air phase has been 
replaced by steam. Thermal desorption has been proven to be effective for treating halogenated 
VOCs. Typically, this process option is combined with other process options. For steam stripping 
to remove nickel and radionuclides from on-property soil, additional treatment steps need to be 
added to the treatment train. Adding these steps to the treatment train is technically feasible, but it 
makes the process more difficult and expensive. The cost of steam stripping is higher than other 
available process options that are equally effective. The high cost is attributed to the time it takes 
to treat the groundwater using this technology. Due to the cost of implementing steam stripping 
being higher than other available process options that are equally effective, it has been removed 
from alternative development.  
 
3.8. Results of Screening of Remedial Action Technologies 

Table 3-3 summarizes the results of the screening of remedial action technologies for the Source 
Area Properties; the retained technologies were used to develop remedial action alternatives. 
Section 4 presents the alternatives developed for the Source Area Properties. 
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4.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

This section presents the remedial technologies and process options that were retained after the 
screening and evaluation described in Section 3. Remedial action alternatives have been developed 
to meet the RAOs associated with COC contamination observed in Source Area Properties 
groundwater that has been historically associated with the FUSRAP site.  
 
The GRAs, technologies and process options retained for the FUSRAP site include: 
 

¶ Limited Action 

¶ Containment  

¶ Collection 

¶ Removal 

¶ Treatment (in situ and ex situ) 

¶ Disposal 

¶ Discharge 

 
To develop remedial alternatives, the GRAs, technologies, and process options listed above were 
combined, as necessary, to limit exposure to and achieve the cleanup objections for COCs.  
 
The remedial action alternatives for the FUSRAP site were developed to focus specifically on the 
FUSRAP contaminated Source Area Properties soil and groundwater that pose a potential current 
and/or future risk to human health. The alternatives were developed based on their ability to 
achieve protectiveness, combining different remedial technology types to address varying volumes 
and contaminated media types at the FUSRAP site.  
 
The remedial action alternatives for the FUSRAP site have been developed in accordance with the 
following NCP requirements (40 CFR 300.430(e)): 
 

¶ A No Action alternative, which may be No Further Action if a CERCLA removal or 
remedial action has already occurred at the FUSRAP site, should be developed.  

¶ One or more alternatives that involve little or no treatment but provide protection of 
human health and the environment primarily by preventing or controlling exposure to 
hazardous substances, pollutants, or contaminants, through ECs, and as necessary, ICs. 
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¶ A range of alternatives, which include a treatment that reduces the toxicity, mobility, or 
volume of the contaminants as the principal element. Accordingly, an alternative could 
be included that removes or destroys the contaminants, to the maximum extent feasible, 
thus eliminating or reducing the need for long-term management at the FUSRAP site, to 
the degree possible.  

¶ As appropriate, the short- and long-term aspects of each technologyôs effectiveness, 
implementability, and costs were considered to guide the alternatives screening process. 

 
4.1. Uncertainties and Major Assumptions 

It is likely that the soils at the FUSRAP site contain FUSRAP-related contamination from 
constituents that are not classified as COCs. A major assumption of this FS is that soils excavated 
and handled at the site will be characterized as FUSRAP waste and sent to a licensed or permitted 
waste disposal facility and that shallow soils from the Driving Range Property and on-property 
areas that have undergone previous removal activities will be non-hazardous and will be reused on 
site or acceptable at a local Subtitle D landfill.  
 
The volume estimates for Source Area Properties soil and groundwater are another source of 
uncertainty. The volume estimates were based on data collected from USACE, Verizon, and its 
predecessors. Tableau software was utilized to analyze the data and determine the areal and vertical 
extent of Source Area Properties soil and groundwater contamination. Figures 2-1 through 2-3 
present the areal extent of contamination, Figure 2-4 presents a representation of the plume vertical 
extent from this evaluation, and volume estimates are utilized in the Section 5 cost tables. 
 
Existing drainage systems are present on the FUSRAP site. They consist of dry wells, sumps, leach 
pools, and recharge basins. On-property observations and analytical results have indicated that 
these drainage features contain contaminated media; however, while the nature and extent of 
contamination in their immediate area is not well defined, it has been assumed that contamination 
is limited to a discrete area directly surrounding the structures. Therefore, cleaning, removal of 
contents, and isolated soil excavation will address the localized contamination. These activities 
will be performed as an alternative component of the final FUSRAP site remedy. 
 
4.2. Engineering and Logistical Concerns Applicable to Most Alternatives 

The following common components and activities are required to fully develop/implement an 
Alternative: 
 

¶ Engineering design; 

¶ Work plan and submittals; 
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¶ Mobilization and site setup; 

¶ Site security and access controls; 

¶ Access road and haul route maintenance; 

¶ Site sampling; 

¶ Air monitoring and dust control; 

¶ Stormwater management and erosion and sediment control 

¶ Site restoration; and 

¶ Institutional Controls. 

 
The costs for these activities are included in the estimated cost for each alternative.  
 

4.2.1. Engineering Design 

Once an alternative has been selected, an engineering design for the remedial action would be 
completed. The design would size and locate the remedial system, specify the earthwork required, 
locate the temporary erosion and sediment controls (TESCs), describe the site restoration 
requirements, detail the O&M activities, and include information pertinent to the remedial action. 
The engineering design would include the construction specifications and drawings that the 
selected remedial contractor would use to complete the work. To assist in selecting a remedial 
contractor to complete the work, a cost estimate would be completed. The cost estimate would 
include the costs to complete the remedial action and would be broken out by line item so that the 
costs could be easily compared to the remedial contractorôs bid and schedule of values.  
 
Pre-design investigation would be performed to gather pertinent data associated with further 
delineation of the multiple individual source areas and associated groundwater plumes, as well as 
gathering additional geotechnical data. This information would be input into modeling software to 
optimize remedy components (i.e., cap or well placement) and estimate the timeframe to achieve 
cleanup levels for the selected alternative. 
 

4.2.2. Work Plan and Submittals 

Prior to mobilization activities, construction work plans would be completed by the remedial 
contractor and submitted to USACE and other agencies that the USACE deem appropriate for 
review and approval. The plans would include, at a minimum, a Remedial Action Work Plan, 
Health and Safety Plan, Quality Assurance Project Plan, Field Sampling Plan, Community Air 
Monitoring Plan, Traffic Control Plan, Soil Erosion and Sediment Control (SESC) Plan, Dust 
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Control Plan, and Site Surveying Plan. Workplans would also be developed to meet the action 
specific ARARs. 
 

4.2.3. Mobilization and Site Setup 

To prepare for implementation of the selected remedial alternative that involves subsurface work, 
an underground utility survey would be performed to identify and/or verify the location of 
subsurface utilities. Areas scheduled for utility surveys would include potential soil disturbance 
areas, soil excavation and transfer areas, trailer locations, heavy equipment access roads, well 
locations, subsurface collection and discharge piping locations, and areas where stockpiled 
materials or equipment are staged. A topographic land survey and gamma activity surveys in 
conjunction with soil sampling would also be completed to delineate and verify earthwork areas, 
the subsurface piping layout, investigation-derived waste staging areas, decontamination pads, and 
locations of TESC structures. 
 
Limited facilities currently exist at the FUSRAP site, creating a need for the establishment of 
support work areas, TESCs, and additional site security. Temporary facilities for project 
management and project controls would be mobilized to the FUSRAP site for the duration of the 
project. Temporary facilities would be constructed for decontamination of personnel and 
equipment (e.g., tools, salvageable equipment, passenger vehicles and heavy equipment) and for 
the storage of waste material and well-drilling spoils, if the remedial alternative required it. Potable 
water would be acquired from a nearby fire hydrant. The contractor would be required to obtain a 
permit from the City of Hicksville to draw water from the fire hydrant. Electrical power would be 
obtained by tapping into an existing electrical pole on the former Sylvania property. The contractor 
would be required to obtain a permit from Public Service Enterprise Group, who supplies power.  
 
For some alternatives, the mobilization of a vapor and/or groundwater treatment train is required. 
The treatment train would be completely enclosed within a trailer since a trailer can be climate-
controlled, is easier to transport, and provides another layer of security for the equipment. In some 
alternatives, multiple treatment trains throughout the FUSRAP site are necessary.  
 

4.2.4. Site Security and Access Controls 

Security would be maintained during non-working hours while site work is occurring (i.e., 
equipment and materials are stored on-property or are locked and secured off-property). Security 
would be continued through the implementation of remedial actions. 
 
Permanent fencing already exists around the former Sylvania property, if damaged, the existing 
security fence would be repaired as necessary. Temporary fencing would also be used wherever 
and whenever the permanent fencing must be removed for construction access. Alternative 
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entrances may be required for portions of the work and would be secured and monitored when not 
in use.  
 

4.2.5. Alternative Monitoring and Sampling 

For most of the alternatives, soil, soil vapor, and/or groundwater monitoring and sampling will be 
completed to further refine the remedial boundaries based on the remedial design needs.  
 
In the cases of soil excavation, soil sampling will be completed from the bottom and sidewalls of 
the excavation. Soil vapor will be collected from sample ports in the extraction wells and sample 
ports throughout the collection system and treatment train. Groundwater samples will either be 
collected from groundwater wells or the treatment train.  
 
Waste characterization soil and water sampling will be required for the off-site disposal of each 
media. The exact quantity and suite of analyses for soil and groundwater will be dictated by the 
disposal facility or POTW. In general, the Off-site Rule (OSR) requires that facilities that accept 
contaminated or hazardous wastes from a CERCLA site must be in compliance with all applicable 
regulations and laws (i.e., they must be approved to take those wastes and in compliance with the 
applicable federal, state and local requirements to do so). The licensed or permitted off-site 
disposal facility identified for disposal under some alternatives would have existing approval under 
the OSR. If a different facility is identified during the design phase of the remedial action, 
confirmation of licensure under CERCLA would be required. OSR compliance will be verified 
each subsequent year that disposal continues for long-term remedial actions requiring ongoing off-
site disposal. 
 
Dewatering of groundwater or stormwater from remedial areas would be containerized for storage 
and testing and then either discharged to the POTW via local sewage access or to an existing 
Source Area Properties drainage system. If the discharge of dewatering liquids would be conducted 
off-site, the USACE will be required to comply with the administrative requirements of any 
discharge permits obtained. 
 

4.2.6. Access Road and Haul Route Maintenance  

Many alternatives considered in this FS require off-site hauling. During transport to the off-site 
disposal facility, traffic controls would be required onto and from the main roads as large trucks 
and equipment enter and exit the FUSRAP site. In addition, the existing pavement in the locations 
of proposed Source Area Properties haul roads would be reinforced, as necessary, to withstand the 
increased truck traffic. Based on the selected remedial alternative, a Traffic Control Plan would be 
developed by the remedial contractor prior to mobilization and followed throughout the project.  
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Roads in the vicinity of the FUSRAP site would require maintenance to protect the roadway and 
users of the roads. Off-site truck traffic will be required to observe the City of Hicksville load 
limits to reduce roadway wear and maintain the local roadways in safe operating condition. An 
extensive video survey of the haul route near the site would be completed to document pre-
construction and post-construction conditions. These videos would be compared after work is 
completed to determine if excessive wear or damage to the roadways was caused by the 
construction vehicle traffic.  
 

4.2.7. Air Monitoring and Dust Control 

A Community Air Monitoring Plan would be followed by the remedial contractor, which would 
describe the methods and procedures for collecting, analyzing, and evaluating air samples within 
and at the perimeter of the work zones. Perimeter (community) and work zone air monitoring 
stations would be positioned and operated to monitor emissions during grubbing, excavation, 
stockpiling, loading, stockpile management, and site restoration activities. Dust suppression 
measures would be implemented to prevent off-property migration of contaminants at 
unacceptable concentrations from occurring; to maintain compliant air quality conditions and a 
safe working environment; and to protect the health of nearby residents, workers, public, and 
environment. Frequent water spraying or other means of dust suppression would be utilized during 
dirt moving activities, as required. The air quality standard for particulates under 6 NYCRR Part 
257 would be maintained under alternatives that disturb soil. 
 
Prior to commencing dust-generating activities in the contaminated excavation areas, perimeter 
work zone samples would be collected to establish background alpha and beta activity, particulate, 
and VOC concentrations in ambient air. The background air samples would be used to establish 
the concentrations naturally occurring in the air and unrelated to the activities occurring at the 
FUSRAP site. Air monitoring and sampling would then be performed during activities that have 
the potential to generate dust. Air monitoring and sampling for other contaminants, which may be 
encountered during disturbance of the FUSRAP site soils, would be incorporated into the 
monitoring program to provide protection to workers and the public.  
 

4.2.8. Stormwater Management and Erosion and Sediment Control 

One of the foremost concerns during remedial activities is the control of soil erosion and 
stormwater runoff to limit the impact on land resources and reduce soil / sediment loading to 
nearby bodies of water or stormwater utilities. Based on the remedial design, a determination as to 
whether more than an acre of land will be disturbed, which would trigger the need for a TESC 
plan. The TESC Plan would then be developed using best management practices (BMPs). BMPs 
used at the FUSRAP site will include the grading of excavated areas and, when possible, orienting 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 4-7 
Sylvania Feasibility Study_24April2025_Final 
 

them to reduce scouring with low-energy flow rates and patterns. In addition, excavated areas that 
remain open and unworked for more than two weeks would be stabilized.  
 
On-property existing drywells and recharge basins would be utilized whenever possible to handle 
stormwater runoff. Portions of the existing drainage system that will be used for TESC will be 
sampled and characterized prior to being incorporated into the stormwater drainage system. 
Characterizing these parts of the existing drainage system is important so that implementing the 
TESC Plan at the FUSRAP site does not increase water flow through contaminated portions of the 
soil column. 
 
During site activities and prior to the FUSRAP site being stabilized, weekly TESC inspections will 
be performed. The inspector will note any deficiencies in the TESC features and any repairs or 
modifications that are required. Once the FUSRAP site has been stabilized, monitoring of 
construction stormwater runoff would cease, and post removal site controls would be initiated in 
accordance with a post-construction stormwater plan. 
 

4.2.9. Permits  

As noted in Section 3.2, under CERCLA Section 121(e), on-site actions are not subject to 
administrative and procedural requirements. Therefore, source area remedial actions would not 
require approvals, inspections, permits, consultations, definitions, and reporting. As defined in the 
NCP, ñon-siteò includes the areal extent of FUSRAP-related contamination and suitable areas in 
close proximity to the contamination necessary for implementation of the response action. Off-site 
activities (i.e., groundwater discharge or waste disposal outside the areas of FUSRAP soil 
contamination or FUSRAP downgradient groundwater contamination) are directly subject to both 
substantive and administrative requirements of federal, state, and local regulations, including 
permitting requirements, if they are determined to be legally applicable. 
 
Therefore, permits will be required for the discharge of treated water if it will be discharged to a 
local POTW or other off-site location. The specific requirements of these permits would be 
determined during the planning process, which is part of the engineering design. 
 

4.2.10. Site Restoration 

Site restoration activities would be initiated after the completion of the remedial action. Grading 
and re-contouring the FUSRAP site would include filling excavations so that the surface is sloped 
in such a way to aid in stormwater runoff control. Only clean backfill would be used for re-
contouring the FUSRAP site landscape. The material would be compacted, and in-place soil 
density and moisture testing would be performed to ensure the proper placement of each material. 
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The final surface cover in each area of the FUSRAP site would dictate the type of backfill that 
would be used to restore each area. Where pavement, such as concrete, asphalt binder course, or 
asphalt top course is proposed, a subbase will be placed below the pavement materials. Where sod 
is proposed, topsoil would be placed above the subgrade. For many of the alternatives, minimal 
vegetation will be used to restore the site due to final use considerations.  
 
Controls will be in place so that potential fugitive dust generated from soil imported from off-site 
borrow sources would not cause a general disturbance to the local community during restoration 
activities. Dust control measures such as wetting would be used to minimize impacts to the local 
community. Workplans would also be developed to meet the action specific ARARs. 
 

4.2.11. Land Use Controls 

For the context of this document, LUCs consist of Institutional Controls (ICs) and Engineering 
Controls (ECs). Institutional controls are administrative or legal instruments (e.g., deed 
restrictions/notices, easements, covenants, zoning) that impose restrictions on the use of 
contaminated property or resources. ICs are also used to identify the presence of ECs. Engineering 
controls encompass a variety of engineered and constructed physical barriers (e.g., soil capping, 
sub-surface venting systems, mitigation barriers, fences) to contain and/or prevent exposure to 
contamination on a property. 
 
Unrestricted land use is the use of the land without restrictions, such as environmental easements 
or deed restrictions and would not result in an unacceptable risk to human health or the 
environment associated with FUSRAP-related COCs. Restricted land use requires land use 
controls to restrict land uses that could result in an unacceptable exposure risk to human health 
and/or the environment associated with FUSRAP-related COCs. Restricting land use may be 
required until a site reaches remedial goals, which alternatives 2 through 4 eventually will. 
 
In order to determine LUCs that may be required following remedy implementation the soil 
cleanup objectives in Subsection (b) of 6 NYCRR Part 375 Section 6.8 will be utilized as 
performance metrics. Where excavation and groundwater remedies are performed, soil sampling 
and analysis will be conducted following the remedy, such as excavation bottoms and in the areas 
of soil flushing and SVE, for evaluation against the performance metrics.  
 
The following Land Use Controls will be implemented at the site. 
¶  Alternative 2 includes an EC in the form of a soil cap that prevents contact with 
contaminated soils and facilitates remediation of the groundwater. 

¶ Alternative 2 will require an IC in the form of a deed restriction on the three parcels that 
comprise the former Sylvania property, therefore restricting site activities (i.e., restrict 
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disturbing the cap) that could result in exposure to FUSRAP-contaminated soils. Since only 
the property owner has the authority to establish a deed restriction on their property, the 
deed restriction will be prepared by USACE and USACE will coordinate with the property 
owner on filing the deed restriction. Additionally, signage would be installed to keep 
landowners, occupants, and local governments aware of prohibited activities due to 
remaining FUSRAP-related contaminants at the Source Area Properties.  

¶ The Nassau County Department of Public Health Public Health Ordinance presently 
restricts this property based on Article IV ñPrivate Water Systemsò, the intent and purpose 
of which is to prohibit the installation of private water system wells in those areas that are 
served by a public water system, such as the area where the Site is located, and which 
establishes legal prohibitions to prevent groundwater from being used as drinking water in 
the Source Area Properties. Furthermore, New York State Environmental Conservation 
Law Section 15-1527 prohibits the installation and use of public drinking water wells in 
Nassau County without a State permit. Given that the Sylvania FUSRAP on-property area 
addressed in this FS is in an area served by a public water system and is within Nassau 
County, and given the comprehensive regulation of public and private drinking water 
systems and restrictions on well installation, coupled with the proposed treatment options 
presented in this Feasibility Study, sufficient protection for groundwater resources is 
provided. For groundwater, the Nassau County Public Health Ordinance is a sufficiently 
robust control to ensure that the remedy would be protective of public health, and additional 
deed restrictions or environmental easements are not necessary, except where required by 
NYS ECL 71-3603 and 71-3605.  

 
4.3. Remedial Alternative Components Selected for Source Area Properties 

Given the complexity of the contamination at the FUSRAP site, no one technology can be fully 
implemented to achieve a complete site remedy. Therefore, under this subsection, Alternative 
Components (ACs) are identified, which when combined, could be implemented as an Alternative. 
The alternative components developed for the Source Area Properties and their applicability to 
address FUSRAP COCs based on the NCP requirements include: 
 

Alternative Component AC1 ï Limited Excavation (PCE, Nickel, Uranium) 

Alternative Component AC2 ï Comprehensive Excavation (Nickel, Uranium) 

Alternative Component AC3 ï Capping (Nickel, Uranium) 

Alternative Component AC4 ï Soil Vapor Extraction (PCE) 

Alternative Component AC5 ï Air Sparging (PCE, Nickel, Uranium) 

Alternative Component AC6 ï Groundwater Pump and Treat (PCE, Nickel, Uranium) 
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Alternative Component AC7 ï Soil Flushing (Nickel, Uranium) 

Alternative Component AC8 ï Groundwater Monitoring (PCE, Nickel, Uranium) 

The following subsections provide descriptions for each alternative component. Due to the location 
of the FUSRAP site, the COCs (PCE, nickel, and uranium) present, the depth to groundwater, and 
the volume of contaminated media to be addressed, several technology types and process options 
were retained from Section 3. The alternative components developed in this section will be used 
to assemble a set of alternatives that will be evaluated through the detailed criteria presented in 
Section 5. 
 

4.3.1. Alternative Component AC1: Limited Excavation (PCE, Nickel, Uranium) 

The RI identified multiple sumps, dry wells, leach pools, and/or recharge basins impacted by 
FUSRAP waste that are potential source areas for groundwater contamination. Under this 
alternative component, these structures and the immediately surrounding soil will be excavated 
and disposed at an appropriately permitted or licensed disposal facility. The intent of this 
alternative component is to address potential hot spots that may contribute COCs to groundwater. 
Proposed limited excavation areas and depths will be selected by comparing past soil sample 
analysis to performance metrics. The performance metrics, based on Subsection (b) of 6 NYCRR 
Part 375 Section 6.8., will be used to evaluate LUCs that may be required following ae remedy.  
 
For the purpose of developing this alternative component, it has been assumed that approximately 
one foot of soil surrounding each structure will be removed and disposed of off-site. Unless some 
unforeseen circumstance (i.e., visual non-aqueous phase liquid [NAPL], drum discovery, etc.) is 
encountered, confirmation sampling and ñplume chasingò will not be performed under this 
alternative component. Excavation work plans will address 6 NYCRR Part 375 Section 1.8(b)(4) 
which states, ñWhere any contaminant is found to be stored on the site in containment vessels other 
than storage tanks (such as drums, transformers, sumps, pits), or where petroleum storage tanks or 
chemical storage tanks are discovered on site during the course of the remedial program and such 
tanks contain any contaminant, such contaminants shall be removed and disposedéò  
 

4.3.2. Alternative Component AC2: Comprehensive Excavation (Nickel, Uranium) 

Comprehensive excavation has been selected for development as a remedial alternative component 
to address deep nickel and uranium soil contamination in source areas. While PCE can also be 
removed in this manner, SVE/AS is being developed for treating soil contamination in PCE source 
areas. 
 
Under Alternative Component AC2, in addition to the activities to be completed under Alternative 
Component AC1, Limited Excavation described in section 4.3.1, deep excavation targeting areas 
that may be acting as a continuing source to groundwater contamination would be performed. 
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Comprehensive excavation areas and depths will be selected by comparing past soil sample 
analysis to performance metrics based on Subsection (b) of 6 NYCRR Part 375 Section 6.8. Areas 
selected for comprehensive excavation would be those areas of the site where empirical data 
suggest a continuing nickel and uranium source (i.e., uranium impacted groundwater from soils 
beneath RC1 and nickel and uranium impacted groundwater from soils beneath RC9).  
 
The design will not be developed to specify the means and methods associated with soil removal, 
as that determination will be the responsibility of and is best handled by the remedial contractor; 
however, this could be accomplished using large diameter bucket or solid flight augers to reach 
the targeted depths down to the groundwater interface and potentially deeper as determined during 
removal. 
 
Waste produced during implementation of this alternative component would have to be 
characterized prior to being properly transported and disposed off-site. At RC-1 and RC-4, borrow 
soils used as fill following previous removal actions is anticipated to be reused as backfill. 
 

4.3.3. Alternative Component AC3: Capping (Nickel, Uranium) 

Alternative Component AC3 is applicable for Source Area Properties soils that contain nickel and 
uranium with the potential to leach contaminants to groundwater. While capping could also be an 
effective alternative component for soils contaminated with PCE, SVE is being developed for 
treating soil contamination in PCE source areas. This is due to the required size of a cap to target 
PCE contamination (assumed as approximately half of the 10.39 acre on-property area and an 
extensive area onto the Driving Range Property), the type of cap installation on the Driving Range 
Property (assumed to consist of a synthetic liner covered by vegetation so that the property can 
continue its existing use), and the difficulties of coordinating work off-property.  
 
The former Sylvania property is currently covered by a mixture of surfaces, including grass, trees, 
shrubs, concrete, asphalt, gravel, buildings, and foundations. Many of the existing surfaces 
insufficiently cap/cover contaminated on-property soil due to deterioration, cracking, and settling. 
These existing surfaces, including their subbase to the extent determined by the remedial design, 
would be removed to facilitate the installation for the new cap. Many of the areas to be capped are 
in former removal areas that have clean backfill so material that is removed would be recycled and 
reused, if possible, after the appropriate testing has been completed.  
 
After the existing cover and structures have been removed, earthwork activities would be 
completed to grade the areas for cap installation. The FUSRAP site would be graded for 
stormwater and erosion and sediment control and to combine the newly constructed cap with 
locations where the existing surface is not removed, such as existing competent asphalt sections 
and building foundations. The existing concrete building foundations would not be removed in 
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locations where they provide adequate protectiveness, and it is determined to be structurally sound. 
Areas of competent asphalt that are determined to be structurally competent could have new 
asphalt layers constructed above them without reconstructing the base layers. Joints would be 
sealed at adjoining surfaces to prevent water infiltration. 
 
The newly constructed section of cap would consist of hot-mix asphalt blended for low-
permeability such as a MatConÈ (Modified Asphalt Technology for Waste Containment) system. 
Modified hot-mix asphalt provides a low permeability surface to limit infiltration and is relatively 
inexpensive when compared to other capping methods. An engineered subbase would be placed 
under the asphalt in areas where no existing base exists to increase the longevity of the asphalt. It 
would also increase the cap integrity because it would reduce the chance the asphalt would crack 
and break over time. Compaction tests would be completed on the subbase and asphalt to provide 
the proper placement of each material. The permeability of the materials and the thickness of each 
layer would be in accordance with 40 CFR Part 258.60(a). Asphalt mixes such as MatConÈ have 
been designed to greatly reduce permeability. In-place density of the subbase and asphalt will be 
tested as it is critical to producing a watertight pavement and extends the resilience and longevity 
of the pavement structure. 
 
Waste produced during implementation of this alternative component would have to be 
characterized prior to being properly disposed off-site. For this alternative component, anticipated 
waste would include soil and debris that are removed during demolition and grading activities to 
accommodate the site cap.  
 
This alternative would require restricting future site activities (i.e., restrict disturbing the cap) due 
to FUSRAP-related contaminants remaining in place. LUCs would be implemented through 
adoption of ICs and ECs as detailed in Section 4.2.11.  
 
Under this alternative component, the United States (either the USACE, USDOE, or other 
governmental agency that may act as the stakeholder throughout the period of remedial activities) 
would conduct scheduled inspections to evaluate the ongoing integrity and effectiveness of the cap 
and LUCs. Inspections would include visual observations and recordings of cap integrity, site 
erosion, and evidence of subsurface disturbances, which indicate the potential for infiltration. As 
FUSRAP COCs would still be present at concentrations above their respective cleanup levels, the 
United States would also conduct 5-year reviews in accordance with requirements under CERCLA 
121(c) to determine whether the remedy continues to be protective of human health and the 
environment and whether another remedial action should be implemented. 
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The following key work items characterize AC3: 
¶ Demolish and remove existing surfaces and structures that insufficiently cap on-property 
soil on the former Sylvania property; 

¶ Construct a cap over the COC areas that have contaminant concentrations above the 
established cleanup levels;  

¶ Transport and dispose of contaminated waste to an appropriately licensed/ permitted 
disposal facility; 

¶ Implementation of LUCs aimed at limiting future site activities that can result in 
disturbance of the cap; and  

¶ Maintain the cap and conduct site inspections in accordance with a site O&M Plan. 

 
4.3.4. Alternative Component AC4: Soil Vapor Extraction (PCE) 

Alternative Component AC4 is applicable for soils that contain PCE at concentrations above their 
respective cleanup levels.  
 
An SVE/AS Pilot Study was conducted to determine the effectiveness of SVE to remediate soils 
contaminated with PCE in the vadose zone along with the effectiveness of air injection (AI) and 
heated air injection (HAI) enhancement technologies to increase contaminant removal. The pilot 
study was also designed to determine the effectiveness of AS to treat shallow groundwater 
contaminated with PCE and the ability of the SVE system to capture and treat the volatilized soil 
vapor while remediating the source area. It should be noted that AS has been retained and will be 
proposed as its own alternative component. The pilot study focused on an area along the eastern 
border of the Sylvania-Corning FUSRAP site, behind Building 100, where PCE was released to 
historic leach pools. Appendix B provides the full details and results associated with the study. 
 
The pilot study demonstrated that SVE is a viable technology to strip PCE and associated 
halogenated compounds from the vadose zone soils. However, the permeability of the soils did not 
readily allow for additional AI nor HAI to provide an enhanced benefit within the permeable coarse 
sands present within the vadose zone and the less permeable silt layer. While the silt layer is 
presumed to act as a source of VOC rebound, it would be difficult to target since it is not 
encountered at a substantial thickness in the area of highest VOC contamination. 
 
The SVE system would consist of an SVE trailer, extraction wells, header piping, conveyance 
piping, and effluent vapor control. SVE component construction (SVE extraction wells, temporary 
structures, piping, etc.) and operation would be contained to the Source Area Properties. The 
collection piping would transport soil vapor from the extraction wells to the SVE trailer. The 
bedding material for the subgrade SVE piping would be coarse sand and the type of backfill placed 
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above this layer would vary based on the final surface of the area (sod, asphalt, concrete, gravel, 
etc.).  
 
SVE wells would be installed in 6-inch diameter boreholes drilled using hollow stem augers and 
would be constructed using 2-inch-diameter, stainless steel casing. The SVE well screens would 
be installed to varying depths, ranging from approximately 35 feet BGS to 60 feet BGS. As 
determined during the SVE pilot test, well screens would separately target the upper vadose zone 
above the silt layer and lower vadose zone below the silt layer. A filter pack consisting of coarse 
sand would be placed around the SVE well screens from the bottom of the screen to a minimum 
of 2 feet above the top of the screen.  
  
The location and depth of the SVE system wells and piping will be determined during design based 
on the soil sample results from the RI (USACE 2021a) and the pilot study results. The SVE system 
piping would be focused in PCE source areas. While the SVE wells and monitoring points installed 
as part of the pilot study would still be used, it is anticipated that up to ten additional SVE wells 
will be installed. The engineering design will determine the final number and location for wells to 
be installed. In addition to GTEOSI, this alternative component will require coordination and 
access agreements for implementation on the Driving Range Property since addressing PCE soil 
contamination will require SVE extraction wells and SVE vapor monitoring points to be installed 
there. 
 
During the SVE pilot study the effluent from the extraction system contained 1,200,000 microgram 
per cubic meter (Õg/m3) of PCE, which necessitates treatment prior to atmospheric discharge. A 
catalytic oxidizer was used in the pilot study and was shown to be effective at reducing PCE 
concentrations prior to discharge. The catalytic oxidizer breaks down PCE into carbon dioxide, 
hydrogen chloride, and water. The AERSCREEN Air Quality Dispersion Model was used during 
the pilot study to determine that the NYSDEC DAR-1 Short-term Guideline Concentration (SGC) 
was not being exceeded during the Pilot Study activities. Under the pilot study setup, if the system 
was to be run for a full year, the Annual Guideline Concentration (AGC) of 20 Õg/m3 may be 
exceeded. For the purpose of developing this and subsequent alternative components that utilize 
vapor extraction, it has been assumed that a hydrogen chloride scrubber will also be required. 
Therefore, a catalytic oxidizer, or similar, and scrubber would be incorporated into the remedy. A 
sampling port would be added to the treatment train before and after the catalytic oxidizer and 
scrubber to collect soil vapor samples. 
 
Excavation activities for this alternative component would be limited to the installation of the SVE 
system piping. Excavation would consist of conventional open-cut methods using heavy 
equipment such as backhoes and wheel loaders. Excavated material would be staged for 
subsequent loading into haul trucks followed by off-site transportation and disposal at an 
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appropriately licensed/permitted disposal facility or potentially reused (such as Driving Range 
Property uncontaminated surface soils). Additionally, condensed soil vapor fluids, which will be 
collected in a knockout drum, will require off-site disposal. Chemical analysis would be required 
prior to disposal to properly characterize excavated material and condensed soil vapor fluids. 
 
Placement of backfill would be completed to achieve design grades, which may be a modification 
from existing grades in order to achieve proper erosion and sediment control. The exact type and 
thickness of backfill used would vary based on the final restoration surface (i.e., sod, gravel, 
asphalt, etc.).  
 
LUCs would be implemented under Alternative Component AC4, which are described in 
Section 4.2.11. 
 
For this component, an O&M Plan would be established and would include site inspections, which 
encompass visual observations and recordings of soil disturbance activities, site erosion, or 
unauthorized use of the FUSRAP site. Additionally, the O&M Plan would include the sampling 
plan for the SVE system and a checklist for evaluating the functionality of the SVE system and 
determining whether maintenance is required. As hazardous substances, pollutants, or 
contaminants would remain at the FUSRAP site for an unspecified amount of time above levels 
that allow for UU/UE, the United States would also conduct 5-year reviews in accordance with 
requirements under CERCLA 121(c).  
 
The following key design/implementation elements characterize Alternative Component AC4: 
 
¶ Procure access agreements for the Driving Range Property for well placement and piping 
layout addressing subsurface PCE contamination that extends onto that property. 

¶ Drill and install SVE wells; 

¶ Excavate soil in locations and depths only as required to install the SVE system piping.  

¶ Place pipe bedding and install the SVE system piping; 

¶ Sample and characterize well cuttings for disposal and excavated trench spoil for either 
reuse or disposal (based on area and depth of excavation); 

¶ Re-grade and backfill excavation areas with uncontaminated soils from a local borrow 
source; 

¶ Transport and dispose of contaminated materials associated with system installation and 
operation in an appropriately licensed/permitted disposal facility; 

¶ Mobilize the SVE trailer to the site and hook up system piping;  
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¶ Operate the SVE system; 

¶ Extract soil vapor from the subsurface via the SVE wells; 

¶ Treat extracted air via the treatment train, as necessary; 

¶ Transport and dispose of contaminated materials in a licensed or permitted disposal 
facility; 

¶ Perform site restoration; 

¶ Conduct regular site sampling to measure influent and effluent VOC concentrations and 
VOC and HCl concentrations prior to after air treatment;  

¶ Implementation of LUCs aimed at limiting site activities at the FUSRAP site that could 
result in damage to the SVE system; and 

¶ Conduct site inspections in accordance with a site O&M Plan. 

 
4.3.5. Alternative Component AC5: Air Sparging (PCE, Nickel, Uranium) 

AS has been selected for development as a remedial alternative component to address PCE, nickel 
and uranium groundwater contamination beneath source areas.  
 
The AS Pilot Test was conducted to evaluate whether air sparging would be effective in removing 
VOCs from shallow groundwater. During the test, bubbling was audible in MW-60-70 located 
near the AS well, which confirmed that sparging air was migrating through the saturated zone. 
During the AS Step Test, bubbling and mounding of groundwater increased corresponding to the 
increase in air sparge pressure. 
 
Overall, AS was determined to be effective in reducing PCE groundwater concentrations and 
mounding the contaminated aquifer up to 10 feet away from the sparge well. Results from pre- and 
post-testing of groundwater showed that VOC concentrations in groundwater were lowered during 
testing. At the sparge well location, PCE concentrations dropped an order-of-magnitude from 
2,200 Õg/l to 270 Õg/l. MW-60-70, which was located approximately 6 feet from the sparge well, 
also saw a significant PCE concentration reduction going from 8,600 Õg/l to 1,500 Õg/l. 
 
It should be noted that to be effective in removal of PCE, AS requires the implementation of an 
SVE system to collect the groundwater contaminants that will be volatilized. Section 4.3.4 
describes the development/implementation of an SVE system although for AS only SVE wells 
beneath the silt layer will capture sparged volatile contaminants. AS component construction 
(injections wells, temporary structures, piping, etc.) and operation would be contained to the 
Source Area Properties. 
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It was also noted that uranium groundwater concentrations at MW-60-70 and the sparge well 
location increased slightly following the AS study. This indicates that AS affected the solubility 
of uranium and that AS could be used for mobilizing metals, i.e., uranium and nickel, so that they 
could be captured by a groundwater extraction system and removed from shallow groundwater.  
 
The following key design/implementation elements characterize Alternative Component AC5: 
 
¶ Procure access agreements for the Driving Range Property for well placement and piping 
layout addressing subsurface PCE contamination that extends onto that property. 

¶ Drill and install additional AS wells; 

¶ Excavate soil in locations and depths only as required to install the AS system wells and 
piping;  

¶ Place pipe bedding and install the AS system piping; 

¶ Mobilize the AS equipment;  

¶ Re-grade and backfill excavation areas with uncontaminated soils from a local borrow 
source; 

¶ Inject air into the aquifer via the air sparging wells; 

¶ Conduct regular site sampling to measure COC concentrations in groundwater and soil 
vapor; 

¶ Implementation of LUCs aimed at limiting site activities at the FUSRAP site that could 
result in damage to the AS system; and 

¶ Conduct site inspections in accordance with a site O&M Plan. 

 
AS wells would be installed throughout the FUSRAP site on an approximate 20-foot spacing at 
locations determined during the remedial design. The AS wells would be installed in 6-inch 
diameter boreholes drilled using hollow stem augers. The wells would be constructed using 2-inch 
diameter, stainless steel casing. The depths of the air sparging wells would vary throughout the 
contaminant plume. The wells would be screened at least 15 feet below the groundwater level. A 
filter pack of coarse sand would be placed around the air sparging well screens from the bottom of 
the screens to a minimum of 2 feet above the top of the screen. 
 
In addition to the SVE trailer, which includes the equipment outlined in Alternative Component 
AC4, it would also include air compressors that would provide the required air pressure for 
injections. The maximum injection pressure would not exceed 45 psi in that greater injection 
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pressures would fracture the aquifer, which would create preferential pathway that could limit the 
overall effectiveness of the AS system. Distribution piping, which would consist of 6-inch 
polyvinyl chloride (PVC) header piping and 2-inch PVC auxiliary piping, would be installed below 
grade from the SVE trailer to the AS wells. Only one AS/SVE equipment trailer would be 
mobilized to the FUSRAP site to minimize capital costs for this remedial alternative component. 
The remaining aspects of the SVE system would be designed and implemented as outlined in 
Alternative Component AC4 while taking into account the need for increased vacuum/air removal 
associated with AS gas. 
 
Waste produced during implementation of this alternative component would be characterized prior 
to being properly disposed off-site. For this alternative component, anticipated waste would 
include small quantities of soil from limited excavation activities and small quantities of spoils 
from drilling the AS and SVE wells. Additionally, condensed soil vapor fluids, which will be 
collected in a knockout drum, will require off-site disposal. The waste characterization 
requirements would be dictated by the disposal facility to characterize the waste material under 
RCRA and determine the appropriate disposal facility type. 
 
Under Alternative Component AC5, LUCs would be implemented as described in Section 4.2.11. 
 
Under this alternative component, an O&M Plan would be established and would include site 
inspections, which encompass visual observations and recordings of soil disturbance activities, site 
erosion, or unauthorized use of the FUSRAP site. Additionally, the O&M Plan would include the 
sampling plan for the AS/SVE system, a checklist for evaluating the functionality of the system, 
and determining whether maintenance is required. As hazardous substances, pollutants, or 
contaminants would remain at the FUSRAP site for an unspecified amount of time above levels 
that allow for UU/UE, the United States would also have to conduct 5-year reviews in accordance 
with requirements under CERCLA 121(c).  

 

4.3.6. Alternative Component AC6: Groundwater Pump and Treat (PCE, Nickel, 
Uranium) 

Groundwater pump and treat has been selected for development as a remedial alternative 
component to address PCE, nickel and uranium groundwater contamination. Groundwater 
extraction systems have been successfully implemented to address groundwater contaminated 
sites. For the development of this alternative component, the use of standard extraction wells 
equipped with submersible pumps have been proposed.  
 
Multiple areas of the FUSRAP site have varying concentrations of COCs and in some areas only 
one or two COCs are present; therefore, multiple treatment systems will be required. For example, 
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in the Pilot Study area, PCE is the predominant COC, but uranium has also been verified as present. 
Therefore, that treatment system would require an air stripper and an ion exchange unit; whereas 
a plume that just requires treatment for uranium and/or nickel would not require an air stripper. 
The extraction systems would be installed based on the location and migratory patterns of the 
COCs. A combination of soil and groundwater data will be used to properly ascertain whether a 
single treatment system or multiples are needed.  
 
To address the main uranium plume, the extraction wells would stretch from the former Recharge 
Basin/Sump #3 on the 140 Property to the southeast at the property boundary between the Driving 
Range Property and Hercules (Figure 2-1). To address the nickel plume, the extraction points 
would be located on the southern portion of the 100 Property near remedial cell RC-9 in the area 
of the former trench drain as well as to the south-southwest near the boundary with the GI property 
(Figure 2-2). To capture the multiple PCE plumes, extraction wells would be located on the eastern 
side of the 100 Property, on the 70 Property within the historical extent of B70 and the former 
Recharge Basin/Sump #4, and near the historic cesspool location in the southwest corner of the 
former Sylvania Property. Several of these plumes commingle downstream of their source areas; 
therefore, additional groundwater extraction wells would be installed on the southern and 
southeastern border of the FUSRAP site. 
 
For the purposes of developing this alternative component, it has been assumed that a total of 18 
extraction wells will be needed. The extraction wells would be installed in 8-inch diameter 
boreholes drilled using hollow stem augers. The wells would be constructed using 4-inch diameter, 
stainless steel casing. The highest concentrations of contaminants from the Source Area Properties 
are located in the upper 40 feet of the saturated portion of the aquifer; therefore, the wells would 
be screened near the water table surface close to source areas and also designed to capture the 
higher concentrations in the top 40 feet along with lower concentrations up to 325 bgs. Extraction 
wells will be screened shallow, intermediate, and deep. It will be capturing the Source Area 
Properties plumes so that the Source Area Properties no longer contribute to downgradient 
groundwater contamination. Groundwater pumping rates are anticipated up to 300 gpm. 
Groundwater pump and treat component construction (extraction wells, temporary aboveground 
structures, influent and effluent piping, etc.) and operation would be contained to the Source Area 
Properties.  
 
Once groundwater is extracted, it would flow through 2-inch conveyance piping to the treatment 
system. The treatment system, consisting of a system of treatment trailers, would contain several 
treatment technologies to remove the FUSRAP COCs from the extracted groundwater. 
 
Regardless of COCs to be addressed, the first step in the groundwater treatment train would be the 
filtration unit. The filtration unit would consist of sand filters and bag filters that would be an 
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effective first step to remove the nickel and uranium contaminated sediments that may have been 
mobilized as part of the pumping/extraction. It would also provide a level of protectiveness that 
would prevent fouling of the air stripper trays and ion exchange system, which are being developed 
as the treatment technologies for VOCs and metals, respectively.  
 
After the water has been filtered, a tray air stripper would be used for groundwater contamination 
that requires treatment for PCE. Tray strippers are most effective for flow rates between 5 gallons 
per minute (gpm) and 500 gpm, which would cover the range of anticipated flow rates at the 
FUSRAP site. These type of air strippers also achieve relatively high removal efficiencies when 
no fouling is present. The use of filters prior to the tray stripper would greatly reduce fouling and 
the frequency that the tray strippers would have to be cleaned.  
 
Air strippers do not destroy VOC contamination, but instead transfer the contaminants from 
groundwater to air. A determination as to whether off-gas would need to be treated prior to 
discharge to the atmosphere would be made during the design phase. For the purposes of 
developing this alternative component, it has been assumed that off-gas treatment will not be 
warranted. The pilot study performed directly in the PCE source which exhibited extremely high 
PCE concentrations initially and then attenuated throughout the several weeks of the pilot study. 
It is anticipated that full-scale implementation will place wells peripheral to the source area and 
thus draw lower concentrations throughout the period of operation. Workplans would also be 
developed to meet the action specific ARARs. 
 
For those plumes that require uranium and nickel removal, ion exchange has been selected. Ion-
exchange is a common method for concentrating metals (i.e., uranium and nickel) from a solution. 
The metal-laden solution is passed through a resin bed where the complex ions are transferred to 
the resin by exchange with a negative ion such as chloride. Over time, the resin becomes saturated 
with the COC ions and must be regenerated or recharged. This is accomplished by flushing the 
resin with a regenerant solution. Typically consisting of a concentrated salt, acid, or caustic 
solution, the regenerant reverses the ion exchange reaction by replenishing the cations or anions 
on the resin surface and releasing the contaminant ions into the wastewater. It should be noted that 
two distinct resins may be needed to remove a plume with nickel and uranium. During the design 
phase and using site-specific groundwater chemistry, a determination would be made as to whether 
a single resin can be used. For this alternative componentôs development, it has been assumed that 
a single resin can be used. 
 
Once the groundwater influent has been processed, the discharge will be either to an infiltration 
gallery or injection well on the former Sylvania property, or POTW. During the design phase, 
should an infiltration gallery be determined to be ineffective, an evaluation of alternatives will be 
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conducted. The use of deep well injection and POTW discharge will be evaluated with the final 
design specifying which alternative component is the most viable and readily obtainable. 
 
Waste produced during implementation of this alternative component, including resin regeneration 
fluids, would have to be characterized prior to being properly disposed off-site. Additional waste 
products would include small quantities of soil from limited excavation or activities, small 
quantities of spoils from drilling groundwater extraction wells, and spent filter media (i.e., bag 
filter residue) from the treatment train. The waste characterization requirements would be dictated 
by the disposal facility to characterize the waste material under RCRA and determine the 
appropriate disposal facility type.  
 
Based on the RI groundwater analytical data and the most recent groundwater model, a 
groundwater monitoring network would be developed to monitor the progress of the treatment 
system. It is probable that during the design phase, additional monitoring wells would need to be 
installed with locations and screened intervals being identified.  
 
Yearly reporting of the analytical results as well as a determination as to whether the systems are 
effectively capturing the plumes and treating groundwater contamination and whether the plumes 
are remaining stable or have started to adversely migrate is a critical component of this alternative 
component. A Quality Assurance Project Plan (QAPP) and Field Sampling Plan (FSP) would be 
developed to address monitoring the treatment process efficiencies, the newly installed monitoring 
wells, the overall frequency of sampling for the groundwater monitoring network and, parameters 
to be analyzed for at each well. At a minimum, parameters will include the COCs (PCE, nickel, 
uranium) as well as the full USEPA Method 8260 list for VOC analysis. 
 
Once the cleanup objectives have been met, it has been assumed that a minimum of 5-years of 
semiannual groundwater monitoring will be performed to further demonstrate compliance.  
 
Restricted land use requires land use controls to restrict land use that could result in an 
unacceptable exposure risk to human health and/or the environment associated with FUSRAP-
related COCs. For groundwater, the Nassau County Public Health Ordinance is a sufficiently 
robust control to ensure that the remedy would be protective of public health, and additional deed 
restrictions or environmental easements are not necessary, except where required by NYS ECL 
71-3603 and 71-3605. 
 
Under this alternative component, a site O&M Plan would be established. The O&M Plan would 
include site inspections, which encompass monitoring critical components of the treatment 
process. Additionally, the O&M Plan would include a FSP that complies with the substantive 
requirements of discharge permits. The sampling plan would include sampling requirements for 
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the extracted groundwater prior to treatment, treated groundwater prior to discharge, and the off 
gas prior to discharge (should an air stripper be utilized). The O&M Plan would also include a 
checklist for evaluating the functionality of the treatment train and extraction wells and 
determining if maintenance is required on any components of the remedial action. As hazardous 
substances, pollutants, or contaminants would remain at the FUSRAP site for an unspecified 
amount of time above levels that allow for UU/UE, the United States would also conduct 5-year 
reviews in accordance with requirements under CERCLA 121(c). 
 
The following are the key design/implementation elements associated with Alternative Component 
AC6: 
 
¶ Drill and install groundwater extraction well components and pumps; 

¶ Mobilize the treatment trailers consisting of a combination of pumps, bag filters, air 
stripper, and ion exchange; 

¶ Install conveyance piping from the extraction wells to the treatment trailer; 

¶ Install the discharge piping from the treatment trailer; 

¶ Operate the Pump and Treat system; 

¶ Extract groundwater from the subsurface via the groundwater extraction wells; 

¶ Treat extracted groundwater via the treatment train, as necessary; 

¶ Discharge treated water to infiltration gallery (this could be part of soil flushing if selected 
as an alternative, refer to AC7); 

¶ Transport and dispose of contaminated materials in a licensed or permitted disposal 
facility; 

¶ Perform site restoration; 

¶ Conduct regular site sampling to measure COC concentrations in groundwater and from 
treatment system discharges; 

¶ Implement LUCs aimed at limiting site activities at the FUSRAP site that could result in 
damage to the pump and treat system; and 

¶ Conduct site inspections in accordance with a site O&M Plan. 

 

4.3.7. Alternative Component AC7: Soil Flushing (Nickel, Uranium) 

Soil flushing has been selected for development as a remedial alternative component to address 
nickel and uranium soil contamination in source areas. While PCE is also treatable using soil 
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flushing, SVE has been selected as the more effective alternative component for treating soil 
contamination in PCE source areas. 
 
Under this alternative component, treated groundwater effluent will be re-injected into the aquifer 
through the use of an infiltration gallery, which can provide a soil washing effect for contaminated 
vadose soils. The washing effect will desorb metals and flush precipitated metals from the soil 
matrix at an increased rate; thereby reducing the time associated with natural occurring leaching. 
By including the soil flushing component, the overall operational time frame associated with a 
remedy will decrease. Injection flowrates would match the anticipated groundwater pump and treat 
extraction flowrate up to 300 gpm. Soil flushing component construction (extraction wells, 
temporary aboveground structures, influent and effluent piping, etc.) and operation would be 
contained to the Source Area Properties. 
 
Two areas will be targeted for soil flushing. These areas are the uranium impacted soils beneath 
RC-1 and the uranium and nickel impacted soils beneath and adjacent to RC-9; therefore, multiple 
infiltration galleries will be required in order to implement soil flushing. A combination of soil 
and groundwater data will be used to properly design the infiltration galleries. Additionally, the 
design will determine piping size, burial depths of the piping and the number of laterals. Areas 
adjacent to RC-9 will also be targeted for remediation utilizing SVE. If both soil flushing and SVE 
are selected remedial alternatives, then a phased approach to the work will be required in order to 
prevent short-circuiting of air flow channels to SVE extraction wells and to reduce the SVE system 
from accumulating excess condensate. 
 
For RC-9 area soils, to reduce the potential of the treated effluent from mobilizing soil 
contaminants that cannot be readily captured by the groundwater extraction system due to the silt 
layer, sheet piling will be installed. The sheet pile will be installed from the ground surface through 
the silt layer. This will result in piling to approximately 65 feet BGS. Extraction wells will be 
installed at the top of the water table beneath the sheet pile area to capture contaminants flushed 
through the vadose zone and silt layer. 
 
The following are the key design/implementation elements associated with Alternative Component 
AC7: 

¶ Install sheet pile barrier in areas above silt layer, i.e., RC-9 and adjacent; 

¶ Trench and install infiltration gallery piping network; 

¶ Transport and dispose of contaminated excavated soil spoils at a licensed or permitted 
disposal facility. 

¶ Perform site restoration. 
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¶ Implement LUCs aimed at limiting site activities at the FUSRAP site that could result in 
exposure to FUSRAP Source Area Properties groundwater contamination; and 

¶ Conduct site inspections in accordance with the site O&M Plan. 

 

4.3.8. Alternative Component AC8: Groundwater Monitoring (PCE, Nickel, 
Uranium) 

Groundwater monitoring has been selected for development as a remedial alternative component 
to address the Source Area Properties FUSRAP groundwater contaminants (i.e., PCE, nickel and 
uranium).  
 
Based on the groundwater analytical results and the associated groundwater model, it appears that 
Source Area Properties FUSRAP contaminants beneath asphalt or concrete barriers have remained 
stable in that their migration has been limited (i.e., no appreciable movement/expansion). 
Therefore, groundwater monitoring has been proposed. 
 
Based on the RI groundwater analytical data and the most recent groundwater model, a 
groundwater monitoring network would be developed to monitor remedy progress. It is probable 
that during the design phase, additional monitoring wells would need to be installed with locations 
and screened intervals being identified.  
 
Yearly reporting of the analytical results as well as a determination as to whether the plumes are 
remaining stable is a critical component of this alternative component. A QAPP and FSP would 
be developed to address monitoring, the overall frequency of sampling for the groundwater 
monitoring network and, parameters to be analyzed for at each well. At a minimum, parameters 
will include the COCs (PCE, nickel, uranium) as well as the full USEPA Method 8260 list for 
VOC analysis. 
 
Once the cleanup objectives have been met, it has been assumed that a minimum of 5-years of 
monitoring will be performed to further demonstrate compliance.  
 
Restricted land use requires land use controls to restrict land uses that could result in an 
unacceptable exposure risk to human health and/or the environment associated with FUSRAP-
related COCs. For groundwater, the Nassau County Public Health Ordinance is a sufficiently 
robust control to ensure that the remedy would be protective of public health, and additional deed 
restrictions or environmental easements are not necessary, except where required by NYS ECL 
71-3603 and 71-3605. 
 
Groundwater monitoring has the following key design/implementation elements: 
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¶ Rehabilitation and maintenance of the groundwater monitoring well network; 

¶ Conduct groundwater sampling and analysis; 

¶ Implement LUCs aimed at limiting site activities at the FUSRAP site that could result 
in exposure to FUSRAP contamination; and 

¶ Preparation of annual groundwater monitoring reports that include periodic updates to 
the groundwater model. 

 
4.4. Development of Alternatives 

In this Section of the FS, the alternative components are assembled into alternatives that address 
Source Area Properties FUSRAP COC contaminated media. The alternative components that 
comprise alternatives 1 through 4 are listed and described in Table 4-1. 
 

4.4.1. Alternative 1: No Action 

The No Action alternative is included for Source Area Properties at the FUSRAP site pursuant to 
the NCP (40 CFR 300.340(e)(6)). This alternative is used as a baseline against which other 
alternatives are measured and is included for comparative purposes. Alternative 1 is applicable for 
Source Area Propertiesô soils and groundwater that contain nickel, uranium, and PCE at 
concentrations above their respective cleanup levels. 
 

4.4.2. Alternative 2: Limited Excavation, Capping, Soil Vapor Extraction, Air 
Sparging, and Groundwater Monitoring 

Alternative 2 combines AC1 (Limited Excavation), AC3 (Capping), AC4 (SVE), AC5 (AS), and 
AC8 (Groundwater Monitoring). This alternative actively removes PCE contamination from soil 
and groundwater located along the eastern border of the FUSRAP site, removes site structures and 
contingent contaminated soils, then uses barrier/passive technologies to reduce exposure to PCE, 
nickel and uranium contaminated soils and their continued contaminant migration into the 
groundwater. Finally, groundwater monitoring is used to track plume stability, contaminant 
migration, and attenuation. Figure 4-1 depicts the potential site layout under this alternative. 

Under this alternative, removal of dry wells, sumps, leach pools, and/or underground storage tanks 
would be performed. Soil contamination associated with these site features would be removed to 
the depth of the bottom of the structure or to a maximum 15-feet below ground surface. As limited 
excavations are targeted as shallow source area removals with alternatives in place for groundwater 
control following excavation, no confirmation soil sampling will be performed as groundwater 
will be monitored to determine compliance with ARARs. Limited excavations will address the 
three FUSRAP COCs within the removed structures. 
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SVE and AS would be implemented in the area along the eastern border of the Sylvania-Corning 
FUSRAP site, behind Building 100, where PCE was released to historic leach pools. Additionally, 
SVE and AS wells would be located within the Driving range area and near former Building 1. As 
placement of a cap over the Driving range area cannot be readily implemented as it would impose 
operational difficulties for the siteôs operations, SVE/AS was chosen to address PCE 
contamination in this area. Implementation of the AS/SVE system will remove contaminants in 
the areas of highest groundwater contamination and mitigate migration of contaminants. The 
system will be operated until contaminant levels in the groundwater are no longer being effectively 
reduced, after which measures will be taken to determine whether the system should be shut down 
or removed, including consultation with USEPA and NYSDEC, evaluation of data trends, partial 
shut-down trial tests, etc. The AS/SVE treatment will decrease the mass of contaminants, which 
will reduce the overall time to achieve groundwater cleanup goals. SVE and AS component 
construction (SVE extraction wells, AS injections wells, temporary structures, piping, etc.) and 
operation would be contained to the Source Area Properties as described above.  

While PCE is the main COC present in soils and groundwater along the eastern border of the 100 
Property, SVE/AS will not address the uranium groundwater contamination source in this area. To 
address the remainder of the Source Area Propertiesô soil and groundwater areas of contamination, 
a cap will be installed, and a groundwater monitoring program will be initiated. Implementation 
of the cap would be performed as outlined in the development of AC3, and groundwater 
monitoring would be implemented as described for AC8.  

Groundwater monitoring would consist of a comprehensive program that monitors COCs in 
groundwater. The groundwater monitoring program would also target uranium concentrations in 
groundwater along the eastern border of the FUSRAP site and on the Driving Range Property since 
the AS system has the potential to increase uranium mobility. For the purposes of developing a 
cost associated with the groundwater monitoring portion of this alternative, it has been assumed 
that 21 existing groundwater wells will be sampled quarterly for the first two years, semiannually 
for years 3 through 5, and annually thereafter for VOCs, nickel, and uranium. A yearly summary 
report of the findings will be prepared for the duration of this alternative. For cost-estimating and 
planning purposes, the existing wells proposed to be included in the groundwater sampling/long-
term monitoring program are W-02-70, MW-3-78, MW-4-78, MW-10-130, MW-12S-130, MW-
18S-72, MW-22S-80, MW24S-80, MW-27S-88, MW-28S-100, MW-33S-75, MW-33D-300, 
MW-34D-280, MW-39S-86, MW-41S-76, MW42I-150, MW-44S-75, MW-52D-285, MW-53S-
80, MW-58-75, and MW-218-95. 

As stated previously, there is a robust groundwater monitoring well network in place. While 
additional monitoring wells are not anticipated, if determined necessary in the design phase then 
details on placement will be addressed. A QAPP and FSP would be developed to address sampling 
of the SVE/AS area and the site wide groundwater monitoring program. At a minimum, parameters 
will include the COCs (PCE, nickel, uranium) as well as the full USEPA Method 8260 list for 
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VOC analysis. Additionally, an O&M plan would be developed for both the SVE/AS and cap 
systems. For SVE/AS systems, the O&M plan would outline the operational parameters that would 
maximize the effectiveness of the extraction system, monitoring of the influent and effluent PCE 
concentrations, and the reporting requirements. Based on a review of treatment and groundwater 
monitoring data, a determination as to when the overall effectiveness of the systemôs ability to 
withdraw PCE from the soil and groundwater can be made; thereby justifying turning off the 
systems. For the cap, the O&M plan will outline the frequency of inspections and the protocols 
associated with addressing cracks and/or needed upkeep/repairs. 

Given that the cap and groundwater monitoring do not physically remove FUSRAP contaminants, 
LUCs would be implemented as detailed in Section 4.2.11. In order to determine land use controls 
(LUCs) that may be required following remedy implementation the soil cleanup objectives in 
Subsection (b) of 6 NYCRR Part 375 Section 6.8 will be utilized as performance metrics. The 
performance metrics will be used in determining proposed excavation areas and depths for limited 
excavations. Following excavation, soil sampling and analysis from excavation bottoms will 
determine LUCs that may be required following the remedy. For groundwater, the Nassau County 
Public Health Ordinance is a sufficiently robust control to ensure that the remedy would be 
protective of public health, and additional deed restrictions or environmental easements are not 
necessary, except where required by NYS ECL 71-3603 and 71-3605. 

Periodic inspection and monitoring will be performed as a component of this alternative. Given 
the current uncertainty associated with the site-specific attenuation process, for cost-estimating 
purposes it has been assumed that 100 years of cap inspections, 5 years of SVE/AS operations, 
and 100 years of groundwater monitoring will be performed. 

Section 121(c) of CERCLA, 41 United States Code Ä9621(c), requires a review no less than every 
five years if hazardous substances, or pollutants and contaminants remain on site after remediation 
at levels that do not allow for UU/UE. Because this alternative will result in contaminant 
concentrations that remain above UU/UE levels, CERCLA requires a review at least once every 
five years (five-year review) to evaluate protectiveness of the remedy. 

 
4.4.3. Alternative 3: Limited Excavation, Soil Vapor Extraction, Air Sparging, 

Pump and Treat, Soil Flushing, and Groundwater Monitoring 

Alternative 3 combines AC1 (Limited Excavations), AC4 (SVE), AC5 (AS), AC6 (Pump and 
Treat), AC7 (Soil Flushing), and AC8 (Groundwater Monitoring). As with Alternative 2, 
Alternative 3 actively removes PCE soil and groundwater contamination located along the eastern 
border of the FUSRAP site and removes site structures and contingent contaminated soils. A pump 
and treat system would be used to target zones of PCE, nickel and uranium contaminated source 
area groundwater with a portion of the treated effluent being used to flush soil contamination from 
the vadose soils into the aquifer where the contaminants will be captured and treated. Finally, 
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groundwater monitoring will be utilized once AC6 and AC7 have reached cleanup levels and no 
rebound occurs. Figure 4-2 depicts the potential site layout under this alternative. 

Alternative 3 will implement Limited Excavations, SVE and AS in the same manner as developed 
for Alternative 2. It differs from the previous alternative in that it uses pump and treat in 
conjunction with soil flushing technologies to address residual hot spot soil and source area 
groundwater contamination.  

Using groundwater monitoring event data, the location and number of groundwater extraction 
wells will be determined. The highest concentrations of contaminants from the Source Area 
Properties are in the upper 40 feet of the saturated portion of the aquifer; therefore, the wells would 
be screened close to source areas to capture the higher concentrations in the top 40 feet along with 
lower concentrations up to 325 bgs. Extraction wells will be screened shallow, intermediate, and 
deep. Conceptual groundwater pumping extraction rates are anticipated up to 300 gpm. For the 
purposes of developing this alternative, it is estimated that a total of eighteen extraction wells will 
be installed. Extraction wells will be located such that only Source Area Properties COC 
groundwater areas of contamination will be addressed. Groundwater pump and treat component 
construction (extraction wells, temporary aboveground structures, influent and effluent piping, 
etc.) and operation would be contained to the Source Area Properties, as shown on Figure 4-2. As 
this is a conceptual layout, actual locations and pumping rates will be determined in design. 

The groundwater treatment system will be designed based on the location of the extraction wells 
and the modeled concentrations of COCs in the influent. Given the diversity of the localized 
groundwater plumes, multiple treatment trains will be needed to cost-effectively treat the 
contaminated groundwater. Assuming a single treatment train can be designed to handle the 
varying influent concentrations, the following technologies would be used: particulate filtering, air 
stripping, and ion exchange. To accomplish this, the combined effluents would be pumped into an 
equalization tank, which allows for a buffering or steady state treatment flow through the system. 
The influent would then be processed through a series of bag filters to remove sediment captured 
as part of the extraction process. Once filtered, the influent would be pumped through an air 
stripper to remove PCE, which would discharge vapor to the atmosphere. It has been assumed that 
the atmospheric PCE discharge would not require the use of catalytic oxidation or carbon treatment 
prior to discharge; however, the design will determine whether this treatment is needed. Once PCE 
is removed, ion exchange resins would be utilized to remove uranium and nickel from the 
groundwater. 

The treated groundwater effluent would be used as the solvent associated with soil flushing. For 
soil flushing, soil characteristics and analytical data from the RI along with potential pre-design 
investigations will be used to locate the appropriate areas to place infiltration galleries. The 
remedial design will consider the size and location of the galleries based on soil properties (i.e., 
the ability to accept the treated effluent while avoiding ponding and/or subsurface subsidence), as 
well as targeting COCs to maximize the mobilization and subsequent capture of uranium and 
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nickel. Additionally, the design will perform a water balance between the amount of groundwater 
extracted and the volume that is reintroduced into the aquifer so that a hydraulic gradient is 
maintained, which prevents the potential for pushing COC contamination off-site. 

As stated previously, there is a robust groundwater monitoring well network in place. While it is 
probable that during the design phase, additional monitoring well placement may be identified; it 
is not anticipated. A QAPP and FSP would be developed to address sampling for the SVE/AS area 
and the groundwater monitoring program. At a minimum, parameters will include the COCs (PCE, 
nickel, uranium) as well as the full USEPA Method 8260 list for VOC analysis. Additionally, an 
O&M plan would be developed for both the SVE/AS and pump and treat systems. The O&M plans 
would outline the operational parameters that would maximize the effectiveness of the extraction 
systems, monitoring of the influent and effluent COC and HCl concentrations, and the reporting 
requirements. The O&M plans will consider a phased approach to soil flushing and SVE in order 
to prevent short-circuiting of air flow channels to SVE extraction wells and to reduce the SVE 
system from accumulating excess condensate. 

Based on a review of the data, a determination as to when the overall effectiveness of the SVE/AS 
and the pump and treat/soil flushing systems ability to withdraw FUSRAP COCs from the soil and 
groundwater can be made; thereby justifying turning the systems off. In order to determine land 
use controls (LUCs) that may be required following remedy implementation the soil cleanup 
objectives in Subsection (b) of 6 NYCRR Part 375 Section 6.8 will be utilized as performance 
metrics. The performance metrics will be used in determining proposed excavation areas and 
depths for limited excavations. Following excavation, soil sampling and analysis from excavation 
bottoms will determine LUCs that may be required following the remedy. Where soil flushing and 
SVE are performed, soil sampling and analysis will be conducted following the groundwater 
remedy for evaluation against the performance metrics.  

Periodic monitoring will be performed as a component of this alternative. For cost-estimating 
purposes it has been assumed that 5 years of SVE/AS operations and 30 years of Pump and Treat 
with soil flushing will be performed followed by 5 years of groundwater monitoring. 

Finally, the United States would conduct 5-year reviews as described in Alternative 2. Five Year 
Reviews would be required until the site reaches UU/UE. 

 

4.4.4. Alternative 4: Comprehensive Excavation, Soil Vapor Extraction, Air 
Sparging, Pump and Treat, Soil Flushing, and Groundwater Monitoring 

Alternative 4 combines AC2 (Comprehensive Excavation), AC4 (SVE), AC5 (AS), AC6 (Pump 
and Treat), AC7 (Soil Flushing), and AC8 (Groundwater Monitoring). As with Alternative 3, 
Alternative 4 actively removes COC soil and groundwater contamination from the source area of 
the FUSRAP site; however, in lieu of performing limited excavations as outlined in AC1 and soil 
flushing as outlined in AC7, deep soil excavations will be performed in the nickel and uranium 
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source areas beneath RC-1 and beneath and adjacent to RC-9. Once the comprehensive soil 
removal program is completed, a pump and treat system will be constructed and operated with a 
groundwater monitoring program implemented until RAOs are met. Figure 4-3 depicts the 
potential site layout under this alternative. 

As part of the remedial design, the boundaries and depths of the excavation will be preliminarily 
identified. As deep excavations are targeted as source area removals with alternatives in place for 
groundwater control following excavation, no confirmation soil sampling will be performed. It 
should be noted excavation will be on the Source Area Properties only and will be stopped at the 
water table unless it can be determined that additional material can be removed below the water 
table that can accelerate cleanup timeframes, not result in future surface subsidence, and will not 
adversely impact the off-site disposal of waste. A soil management plan will be required as part of 
the design, which will specify the stockpiling of soil and transportation and disposal of materials. 
Specifications for ñcleanò backfill meeting the appropriate NYSDEC requirements will be 
incorporated into the design as well. Given the increase associated with truck traffic coming and 
going from the site, a traffic control plan will also be developed. Once the excavations are 
completed, the site will be restored to its previous contours. A restoration plan will be developed 
as part of the remedial design to accomplish this. 

Since FUSRAP COC contaminated soils will be removed from the site, the need for soil flushing 
to the extent outlined in Alternative 3 is not needed. In order to determine land use controls (LUCs) 
that may be required following remedy implementation the soil cleanup objectives in Subsection 
(b) of 6 NYCRR Part 375 Section 6.8 will be utilized as performance metrics. The performance 
metrics will be used in determining proposed excavation areas and depths for comprehensive 
excavation. Following excavation, soil sampling and analysis from excavation bottoms will 
determine LUCs that may be required following the remedy. Where SVE is performed, soil 
sampling and analysis will be conducted following the groundwater remedy for evaluation against 
the performance metrics. 

A work plan would be developed to address the process associated with excavation activities. 
Additionally, as outlined for Alternative 3, a QAPP, FSP, and O&M plan will be developed for 
the SVE/AS and Pump and Treatment systems, as well as the groundwater monitoring program. 

As with Alternative 3, periodic monitoring will be performed as a component of this alternative. 
For cost-estimating purposes it has been assumed that 5 years of SVE/AS operations and 20 years 
of Pump and Treat with soil flushing will be performed followed by 5 years of groundwater 
monitoring. 

Finally, the United States would conduct 5-year reviews as described in Alternative 2. Five Year 
Reviews would be required until the site reaches UU/UE.  
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5.0 DETAILED ANALYSIS OF ALTERNATIVES 

This section presents the CERCLA evaluation criteria and provides detailed individual and 
comparative analyses of remedial alternatives that have been selected to address the FUSRAP 
contamination at the FUSRAP site. The statutory requirements under CERCLA (40 CFR 300.430), 
that guide the evaluation of alternatives in an FS, state that a remedial action must: 
 

¶ Protect human health and the environment; 

¶ Attain ARARs; 

¶ Be cost effective; 

¶ Use permanent solutions and alternative treatment technologies to the maximum 
extent feasible; and  

¶ Satisfy the preference for treatment that reduces the mobility, toxicity, or volume as a 
principal element (or explain why this is not feasible). 

 
5.1. Evaluation Criteria 

The USEPA has established nine evaluation criteria, as presented in 40 CFR 300.430(e)(9)(iii), to 
address the statutory requirements when evaluating remedial alternatives. The first two criteria 
relate to statutory requirements and are considered threshold criteria, which each remedial 
alternative must satisfy in order to be eligible for selection. The next five criteria are referred to as 
primary or balancing criteria and are used to evaluate the technical aspects of remedial alternatives 
in terms of relative effectiveness in order to assess each alternativeôs strength and weaknesses. The 
final two criteria are considered modifying criteria and would be addressed in the Record of 
Decision (ROD) once comments are received on the FS report and the Proposed Plan.  
 
The nine criteria are as follows: 
 
Threshold Criteria: 

1. Overall protection of human health and the environment. 

2. Compliance with ARARs. 
 
Primary Criteria: 

3. Long-term effectiveness and permanence. 

4. Short-term effectiveness. 

5. Reduction of toxicity, mobility and volume through treatment. 
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6. Implementability. 

7. Cost. 
 
Modifying Criteria: 

8. State acceptance. 

9. Community acceptance. 
 
A detailed description of each evaluation criterion is provided in the following subsections. 
 

5.1.1. Overall Protection of Human Health and the Environment 

This criterion is used to assess the ability of a remedial alternative to protect human health and the 
environment from the identified short- and long-term risks and doses from COCs identified as part 
of the RI and risk assessment. The overall assessment of protection draws on the assessments 
conducted under other evaluation criterion such as compliance with ARARs, long-term 
effectiveness and permanence, and short-term effectiveness. Evaluation under this criterion 
describes how site risks posed through each pathway are eliminated, reduced, or controlled through 
treatment, ICs, or ECs under each remedial alternative. Based on the findings from the BLRA and 
qualitative ERA and the development of site-specific background numbers, protectiveness of 
human health and the environment is evaluated based on the remedial alternativeôs ability to reduce 
COCs to meet the cleanup levels and/or reduce or eliminate exposure pathways.  
 

5.1.2. Compliance with ARARs 

This criterion is used to determine whether a remedial alternative would meet the ARARs 
identified in Section 3.2 or provide justification for invoking a waiver under Section 121 of 
CERCLA. This section also presents a discussion on how each alternative complies with the 
pertinent individual ARARs. 
 
The ability of a remedial alternative to comply with certain ARARs that have been identified for 
the remedial action can depend entirely on the way the remedy is implemented. For evaluation 
purposes, it is assumed that any remedy selected would be implemented in a manner that would 
meet these ARARs.  
 

5.1.3. Long-Term Effectiveness and Permanence 

Long-term effectiveness and permanence are evaluated with regard to the residual risk posed by 
each alternative with respect to (1) the residual risk remaining at the Site after implementation of 
the remedial alternative; and (2) the long-term adequacy and reliability of the remedial alternative, 
including requirements for management and monitoring. Alternatives that afford the highest 
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degree of long-term effectiveness and permanence leave little to no COCs at the Site above the 
proposed cleanup levels.  
 

5.1.4. Short-term Effectiveness 

This criterion assesses the risk posed to the community, workers, and the environment during the 
implementation of the remedial action before the RAOs are achieved. Measures that would be 
taken to mitigate these risks would be addressed under this criterion, as well as consideration for 
the time required to achieve the RAOs. 
 

5.1.5. Reduction of Toxicity, Mobility, and Volume through Treatment 

The statutory preference by the USEPA under CERCLA is to select a remedial action that utilizes 
treatment technologies to reduce the toxicity, mobility, or volume of COCs at the Site. This 
criterion is used to assess the performance of remedial alternatives to reduce the inherent risk of 
the FUSRAP-related waste material in achieving this preference. Treatment technologies that 
permanently and significantly reduce toxicity, mobility, or volume are typically preferred over 
alternatives that only manage untreated wastes. Relevant factors to be considered in the assessment 
of this criterion include the amount of contaminated waste treated, destroyed, or recycled; the 
reduction in toxicity, mobility, or volume; the irreversibility of the treatment process, the type and 
quantity of residual waste; and the degree in which treatment is used as the primary remedial action 
of the alternative. 
 

5.1.6. Implementability 

This criterion is used to assess the technical feasibility (constructability, reliability of the 
technology, operation, and monitoring requirements); administrative feasibility (coordination with 
other agencies); and the availability of services, goods, and materials (labor, equipment, and 
materials) to implement the remedial alternative.  
 

5.1.7. Cost 

Costs included in the estimates are capital, annual O&M, periodic inspections, and CERCLA 
5-year reviews. Costs are evaluated over the estimated remediation period. The actual length of 
remediation cannot be determined for the residual contaminants, though it is expected that 
remediation progress will be assessed and improved upon periodically. In calculating present value 
discounting for O&M, inspections, and 5-year reviews, a discount rate of 2.5% was applied based 
on A Guide to Developing and Documenting Cost Estimates During the Feasibility Study (USEPA 
2000), the preamble to the National Contingency Plan (55 CFR 8666), and the latest Office of 
Management and Budget Circular A-94 Appendix C (OMB 2022). 
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Capital costs consist of direct (construction) and indirect (non-construction and overhead) costs. 
Costs are based on information obtained from a variety of sources, including quotes from suppliers, 
published costs information for previous similar projects, cost estimates for materials, equipment 
and services provided for the 2022 Pilot Study, vendor information, generic unit costs based on 
engineering judgement, and conventional cost-estimating guides (RSMeans MeansDataÊ). The 
actual costs of the project would depend on the true labor and material charges, site conditions, 
competitive market conditions, final project scope, engineering design, implementation schedule, 
and other variables that can only be determined with the final design due to the conceptual nature 
of this FS. For the purposes of this FS, capital costs include the construction plans, construction 
activities, site preparation, obtaining temporary buildings and services, 
mobilization/demobilization of site equipment and personnel, and disposal. Cost estimates 
developed for the alternatives analysis in the FS are intended to reflect actual costs with an 
accuracy of +50% and -30% (USEPA 2000). 
 
Remedial O&M activity timeframes have been estimated based on USEPA guidance and 
experience at similar sites. Pre-design investigations may alter the estimated remedial timeframes. 
As such, a 5-year timeframe has been utilized for SVE/AS remedies. P&T for Alternative 3 that 
relies on soil flushing was estimated at 30 years and for Alternative 4 that incorporates deep soil 
excavation was estimated at 20 years. Groundwater monitoring was estimated to extend for an 
additional 5 years following P&T technologies. For remediation alternatives with known extended 
lifetimes (e.g., cap inspection and maintenance) costs were evaluated over a 100-year period. 
Alternative 1 has no timeframe since no remedy takes place. 
 

5.1.8. State and Community Acceptance 

This assessment evaluates the technical and administrative issues and concerns that the state (or 
support agency) may have regarding each of the remedial alternatives. State acceptance is not part 
of the evaluation process provided within this document. Following the issuance of the Proposed 
Plan, this criterion would be developed.  
 
Community concerns include support or opposition to components of the preferred alternative or 
other alternatives and are addressed separately and would be included in the ROD, which would 
select the final remedial action following public comment. 
 
5.2. Individual Analysis of Remedial Alternatives  

Each CERCLA evaluation criterion previously defined is further broken down into sub-criteria for 
the evaluation of each alternative. The following subsections summarize the major components of 
each of the remedial alternatives selected for evaluation, and, where necessary, provide additional 
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information pertinent to the analysis. The details regarding the remedial alternative components 
were presented in Section 4.0. 
 

5.2.1. Alternative 1: No Action 

The No Action alternative makes no provisions for treatment, containment, removal or disposal of 
wastes and no LUCs would be implemented. No remedy would be implemented to address the 
FUSRAP Source Area Properties contamination under this alternative; therefore, the FUSRAP site 
would remain in its current state. 
 
Overall Protection of Human Health and the Environment 

Since no action would be implemented, this alternative offers no protection of human health and 
the environment. Human health risks and potential exposure pathways identified would remain 
present at the FUSRAP site.  
 
Compliance with ARARs 

Under Alternative 1, no remedial activity would be performed and, as a result, chemical-specific 
ARARs would not be met. Since there is no remedial activity there would be no action- or location-
specific ARARs. 
 
Long-Term Effectiveness and Permanence 

The No Action alternative does not offer long-term effectiveness or permanence. As there will be 
no remedial effort performed, current and potential future risks remain unabated.  
 
Short-Term Effectiveness 

Under Alternative 1, no additional exposure risks would result to workers or community from 
remediation activities, transportation or disposal since no remedial action would occur. There 
would also be no additional adverse impacts on the water resources, ambient noise, or air quality 
through its implementation.  
 
Reduction of Mobility, Toxicity, and Volume through Treatment 

This alternative involves no treatment. The toxicity, mobility, and volume of the FUSRAP COCs 
will remain the same under this alternative. Although dispersion and degradation processes may 
naturally occur (i.e., not through treatment), they will not be monitored or documented under this 
alternative and, therefore, there is no reduction of mobility, toxicity, and volume through treatment 
from Alternative 1.  
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Implementability 

While technically implementable in the sense that no action would be taken, Alternative 1 is not 
considered to be administratively implementable as the RAOs and associated cleanup objectives 
would not be addressed.  
 
Cost  

Because no action would be taken, no capital (construction) or periodic (O&M) costs are 
associated with Alternative 1. 
 

5.2.2. Alternative 2: Limited Excavation, Capping, Soil Vapor Extraction, Air 
Sparging, and Groundwater Monitoring 

Overall Protection of Human Health and the Environment 

Overall, Alternative 2 provides for protection of human health and the environment. Limited 
excavations will remove point source COC contaminated structures and associated localized soils, 
thereby reducing the potential for exposure and further COC migration into the groundwater. The 
SVE/AS systems will remove PCE contamination from the soil and groundwater located along the 
eastern border of the FUSRAP site. By reducing the PCE concentrations in source areas to 
concentrations that meet their established cleanup criteria, SVE/AS will provide for the protection 
of human health and the environment. Additionally, the extracted air/PCE mix will be processed 
through a catalytic oxidizer, which effectively cleaves the PCE bonds, which can be followed by 
a scrubber generating carbon dioxide and water vapor. 
 
The placement and maintenance of a cap over FUSRAP COC soil in conjunction with LUCs will 
provide additional protection of human health and the environment on the former Sylvania 
property by reducing infiltration. The cap provides a barrier that will reduce the potential for 
leaching of COCs to groundwater. The LUCs will inform site and construction workers of the 
presence of remedial components and what appropriate measures should be taken should intrusive 
work need to be performed.  
 
Long-term groundwater monitoring will be implemented to assess groundwater contaminant 
concentrations and migration following SVE/AS and capping. At a minimum, parameters will 
include the COCs (PCE, nickel, uranium) as well as the full USEPA Method 8260 list for VOC 
analysis. 
 
Potential site impacts from climate change have been assessed, and the future performance of the 
alternatives is currently not at risk as a result of the effects of climate change in the region and near 
the Site. The various components of the Source Area Properties alternatives, including the treatment 
plant, are not expected to be impacted by more frequent and intense precipitation events as a result 
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of climate change because the treatment plant would be constructed in compliance with building 
codes and is not expected to be constructed within an area prone to flooding. Additionally, power 
disruptions caused by storms can be mitigated by having a backup power source with remote 
operation capabilities. 
 
Compliance with ARARs 

ARARs associated with COC groundwater contamination would be achieved by this alternative 
obtaining the 40 CFR 141.66 (e) MCL for uranium of 30 ɛg/L, 40 CFR 141.61 (a)(15) MCL for 
PCE of 5 ɛg/L, and the 6 NYCRR Part 703.5(f) groundwater quality standard for nickel of 
100 ɛg/L.  
 
The action specific ARAR, 6 NYCRR Part 380-11.7, evaluated in Section 3 would not be retained 
under Alternative 2 since it pertains to air and groundwater effluent limitations that are not 
applicable to the technologies under this alternative. 
 
Long-Term Effectiveness and Permanence 

The limited excavations offer a long-term effective and permanent remedy in that the contaminated 
materials are removed and disposed at an appropriately licensed disposal facility. By removing 
PCE from the soil and groundwater located along the eastern border of the FUSRAP site utilizing 
SVE/AS, Alternative 2 offers long-term effectiveness and permanence for contamination in the 
targeted areas. Alternative 2 also consists of access limits, maintenance of engineering controls 
(i.e., capping materials) and perpetual reminders, in the form of signage and ICs, of Site 
contaminants over the long-term. No FUSRAP contaminated soil would be treated and limited 
FUSRAP contaminated soil would be removed under this alternative, so potential future risks 
remain. Provided that the controls are maintained to reduce potential damage to remedy 
components (i.e., capping materials), Alternative 2 does offer overall long-term effectives and 
permanence.  
 
Short-Term Effectiveness 

Construction activities associated with the limited excavations and cap installation to be performed 
under Alternative 2 has the potential to temporarily increase generation of fugitive dust at the 
FUSRAP site. Given the proximity of the Site to neighboring residential areas, there is the potential 
risk to the public from inhalation and ingestion of airborne contaminants during the 
implementation of the remedial activities. These risks would be low, as measures to control off-
site migration of FUSRAP contamination would be implemented during the excavation, transport, 
disposal, and restoration of the Site through monitoring and dust suppression. Trucks used for 
transport of the contaminated material off-site for disposal would be lined, covered, and 
decontaminated as needed in compliance with all U.S. Department of Transportation (USDOT) 
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regulations associated with safety and transport of radioactive waste materials to prevent off-site 
contamination. An emergency response program would be developed to respond to any accidents 
and reduce the potential of discharge of hazardous substances.  
 
There will be a significant increase in truck traffic to the site during cap construction as those 
construction materials are delivered to the site. The development of a truck traffic plan can lessen 
these potential adverse short-term concerns. 
 
There are limited adverse short-term effects associated with the SVE/AS components, as well. The 
majority of PCE groundwater having concentrations above its cleanup objective is relatively deep 
(i.e., greater than 65 BGS). Therefore, construction workers installing the air transfer pipe would 
have limited potential for exposure; however, the drillers would have potential soil exposure given 
that the AS wells are installed in the areas of highest contaminant concentrations. During periods 
of mobilization, off site transport of waste, and demobilization, there would be an increase in local 
traffic.  
 
This alternative is estimated to take approximately 9 months for construction and 100+ years of 
operations and maintenance to achieve RAOs. 
 
Reduction of Mobility, Toxicity, and Volume through Treatment 

Limited excavation will remove COC-impacted materials, which will be disposed at appropriately 
licensed or permitted facilities for the waste. While this will result in a reduction in the mobility 
of the contaminants the mobility reduction is not obtained through treatment. There is no reduction 
in the toxicity nor volume of contaminated material through treatment. 
 
A cap is effective in reducing the downward mobility of COCs by reducing groundwater 
infiltration. In addition to being a relatively impermeable barrier, the cap can de designed so that 
ponding of surface water does not occur and grading results in stormwater flows away from it. 
Since COCs will remain in place, there is no reduction in toxicity and volume associated with 
source area contamination that is addressed by this component of the alternative and the mobility 
reduction is not obtained through treatment. 
 
For PCE contaminated soil and groundwater located along the eastern border of the FUSRAP site, 
the SVE/AS components provide for a reduction in mobility, toxicity, and volume through 
treatment. The in-situ vacuum causes the soluble PCE to volatilize thereby allowing for its removal 
though the controlled subsurface air flow. By removing PCE from the groundwater matrix, there 
is a reduction in both the mobility and volume of groundwater contamination. As the extracted 
vapor is processed through a catalytic oxidizer, the atomic bonds of the PCE molecule are broken 
rendering carbon dioxide and water, which decreases the overall toxicity.  
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Implementability 

For limited excavations, this type of shallow excavation is well-established and has been used for 
decades at CERCLA sites. For the cap, subgrade preparation and placement activities use common 
construction equipment that does not require highly specialized/trained personnel. Cap material 
(i.e., subbase earthen fill and asphalt) is also readily available. From an administrative perspective, 
LUCs require landowner implementation and are a legal process that is commonly used in property 
transactions that have on-property contamination.  
 
SVE/AS is a common approach for remediation of VOC contaminated groundwater and is 
technically feasible. Drilling, excavation for pipe trenches, waste handling, transportation, and off-
site disposal would utilize typical construction equipment and would not require specialty services 
or personnel. Operation of the SVE/AS systems involves common work elements with blowers 
and pumps as the main pieces of operational equipment. The catalytic oxidizer is somewhat of a 
specialty item; however, their use is widespread, and an established technical support system is in 
place to assist with O&M and trouble shooting. Monitoring of air discharge is a well-documented 
and established process. 
 
Groundwater monitoring including sampling and analysis has been conducted over multiple site 
investigations. Trained personnel, sampling equipment, and laboratory services are readily 
available.  
 
Cost  

Table 5-1 presents the costs associated with implementing Alternative 2. The total capital cost 
associated with this alternative is $56,799,000. The approximate annual O&M cost associated with 
Alternative 2 for years 1 through 5 is estimated to be $1,514,300 and for years 6 through 100 to be 
$512,800. Assuming an annual discount rate of 2.5% and 100 years of O&M, the present value of 
O&M is $23,430,000, which brings the total cost associated with Alternative 2 to be $80,229,000.  
 
Remedial O&M activity timeframes for cap and LUC inspection and maintenance, SVE/AS O&M, 
and groundwater monitoring have been estimated based on USEPA guidance and experience at 
similar sites. A 5-year timeframe has been utilized for SVE/AS; cap inspection, LUC inspection 
and associated maintenance costs were evaluated over a 100-year period. It should be noted that a 
cap would be permanent and will remain in place indefinitely. 
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5.2.3. Alternative 3: Limited Excavation, Soil Vapor Extraction, Air Sparging, 
Pump and Treat, Soil Flushing, and Groundwater Monitoring 

Overall Protection of Human Health and the Environment 

Overall, Alternative 3 provides for protection of human health and the environment. Limited 
excavations will remove point source COC contaminated structures and associated localized soils, 
thereby reducing the potential for exposure and further COC migration into the groundwater. The 
SVE/AS systems will remove PCE contamination from the soil and groundwater located along the 
eastern border of the FUSRAP site. By reducing the PCE concentrations in source areas, SVE/AS 
will provide for the protection of human health and the environment by limiting migration to 
groundwater. Additionally, the extracted air/PCE mix will be processed through a catalytic 
oxidizer, which effectively cleaves the PCE bonds generating carbon dioxide and water vapor. 
 
The groundwater extraction system (i.e., the ñpumpò part of pump and treat) will establish a 
hydraulic gradient that will both abate migration of the contaminant plume and collect COCs. The 
treatment system will remove the COCs from the groundwater influent. The treated effluent will 
then be discharged through an infiltration gallery on the former Sylvania property, which will 
increase the desorption of soil contaminants, which will increase their migration into the 
groundwater, where they will be collected by the groundwater extraction system. 
 
Once the pump and treat system has reached cleanup levels, groundwater monitoring will be 
implemented to monitor groundwater contaminant concentrations and migration to ensure no 
rebound occurs. At a minimum, parameters will include the COCs (PCE, nickel, uranium) as well 
as the full USEPA Method 8260 list for VOC analysis. 
 
In summary, the removal of FUSRAP COCs from Source Area Propertiesô soil and groundwater 
areas of contamination will provide protection of human health and the environment. 
 
As described for Alternative 2, potential site impacts from climate change have been assessed, and 
the future performance of the alternatives is currently not at risk as a result of the effects of climate 
change in the region and near the Site.  
 
Compliance with ARARs 

ARARs associated with COC groundwater contamination would be achieved by this alternative 
obtaining the 40 CFR 141.66 (e) MCL for uranium of 30 ɛg/L, 40 CFR 141.61 (a)(15) MCL for 
PCE of 5 ɛg/L, and the 6 NYCRR Part 703.5(f) groundwater quality standard for nickel of 
100 ɛg/L.  
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Depending on how groundwater is discharged, groundwater treatment systems would be designed 
so that treated water met the substantive discharge limits of  6 NYCRR Part 380-11.7 that limits 
radionuclides being discharged. Workplans would be developed to meet this action specific 
ARAR. 
 
Long-Term Effectiveness and Permanence 

The removal of PCE, uranium and nickel from the FUSRAP source areas provides for a long-term 
effective and permanent remedy. This is due to exposure risk decreasing as the mass of COCs is 
removed from the subsurface. The use of the catalytic oxidizer to treat the extracted soil vapor, 
renders PCE into carbon dioxide and water and the treatment of groundwater permanently removes 
COCs from treatment effluent. As the active treatment technologies associated with this alternative 
are irreversible, Alternative 3 provides for long-term effectiveness and permanence associated 
with PCE, uranium, and nickel on the Source Area Properties.  
 
Short-Term Effectiveness 

During construction activities, there will be an increase in truck traffic, noise and the potential for 
fugitive dust associated with excavation and the installation of the SVE/AS and extraction wells, 
subsurface piping, infiltration galleries and hookups to the treatment system. During the operations 
of the treatment system, operators may potentially be exposed to acids as part the resin regeneration 
process. Operations of the blowers associated with the SVE/AS systems and the groundwater 
treatment plant air stripper will result in an increase in the overall noise level both in the treatment 
trailers and the surrounding area. The use of proper PPE, hearing protection and the development 
of a truck traffic plan can lessen these potential adverse short-term concerns.  
 
This alternative is estimated to take approximately 10 months for construction and 35 years of 
operations and maintenance to achieve RAOs. 
 
Reduction of Mobility, Toxicity, and Volume through Treatment 

Limited excavation will remove COC-impacted materials, which will be disposed at appropriately 
licensed or permitted facilities for the waste. While this will result in a reduction in the mobility 
of the contaminants the mobility reduction is not obtained through treatment, there is no reduction 
in the toxicity nor volume of contaminated material through treatment. 
 
By removing FUSRAP COCs from the Source Area Properties through SVE/AS and Pump and 
Treat technologies, their overall concentrations are reduced; therefore, a reduction in the toxicity 
and volume through treatment is achieved for the site. The groundwater extraction system will 
create hydraulic gradients that would alleviate the outward migration of the contaminant plume; 
thereby reducing the mobility of the plume. As extracted vapor form SVE/AS is processed through 
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a catalytic oxidizer, the atomic bonds of the PCE molecule are broken rendering carbon dioxide, 
hydrogen chloride and water, which decreases the overall toxicity. Therefore, Alternative 3 
achieves the compliance mandated by this evaluation criteria.  
 
Implementability 

For limited excavations, this type of shallow excavation is a well-established construction process 
that has been used for decades at CERCLA sites. The activities use common construction 
equipment that does not require highly specialized/trained personnel. 
 
SVE/AS is a common approach for remediation of VOC contaminated groundwater and is 
technically feasible. Drilling, excavation for pipe trenches, waste handling, transportation, and off-
site disposal would utilize typical construction equipment and would not require specialty services 
or personnel. Operation of the SVE/AS systems involves common work elements with blowers 
and pumps as the main pieces of operational equipment. The catalytic oxidizer is somewhat of a 
specialty item; however, their use is widespread, and an established technical support system is in 
place to assist with O&M and trouble shooting. Monitoring of air discharge is a well-documented 
and established process. 
 
Groundwater extraction, air stripping, ion exchange and infiltration galleries are all established 
technologies. Their design parameters are well established, and there is a robust supply chain for 
equipment and specialty chemicals. Standardized equipment and tradesmen can be used to 
construct and operate the systems.  
 
Groundwater monitoring including sampling and analysis has been conducted over multiple site 
investigations. Trained personnel, sampling equipment, and laboratory services are readily 
available.  
 
Workplans would be developed to meet the action specific ARAR. 
 
Cost  

Table 5-2 presents the costs associated with implementing Alternative 3. The total capital cost 
associated with this alternative is $49,579,000. The approximate annual O&M cost associated with 
Alternative 3 for years 1 through 5 is estimated to be $2,605,250, for years 6 through 30 to be 
$1,603,750, and for years 31 through 35 to be $327,000. Assuming an annual discount rate of 2.5% 
and 35 years of O&M, the present value of O&M is $38,943,000, which brings the total cost 
associated with Alternative 3 to be $88,522,000. 
 
Remedial O&M activity timeframes for LUC inspection and maintenance, SVE/AS O&M, 
groundwater P&T O&M, and groundwater monitoring have been estimated based on USEPA 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 5-13 
Sylvania Feasibility Study_24April2025_Final 
 

guidance and experience at similar sites. A 5-year timeframe has been utilized for SVE/AS, 30 
years for groundwater P&T, and 35 years for groundwater monitoring O&M activities and LUC 
inspection and maintenance. 
 

5.2.4. Alternative 4: Comprehensive Excavation, Soil Vapor Extraction, Air 
Sparging, Pump and Treat, Soil Flushing, and Groundwater Monitoring 

Overall Protection of Human Health and the Environment 

Alternative 4 provides for protection of human health and the environment. Comprehensive 
excavations will remove point source COC contaminated structures and associated localized soils 
in addition to deeper uranium and nickel contaminated soil, thereby reducing the potential for 
exposure and further COC migration into the groundwater. The SVE/AS systems will remove PCE 
contamination from the soil and groundwater located along the eastern border of the FUSRAP site. 
By reducing the PCE concentrations in source areas, SVE/AS will provide for the protection of 
human health and the environment by limiting migration to groundwater. Additionally, the 
extracted air/PCE mix will be processed through a catalytic oxidizer, which effectively cleaves the 
PCE bonds generating carbon dioxide and water vapor. 
 
The groundwater extraction system will establish a hydraulic gradient that will both abate 
migration of the contaminant plume and collect COCs. The treatment system will remove the 
COCs from the groundwater influent. Since FUSRAP COC contaminated soils will be removed 
from the site, the need for soil flushing as outlined in 3 is not needed. Treated effluent will be re-
introduced into the Source Area Properties aquifer.  
 
Once the pump and treat system has reached cleanup levels, groundwater monitoring will be 
implemented to monitor groundwater contaminant concentrations and migration to ensure no 
rebound occurs. At a minimum, parameters will include the COCs (PCE, nickel, uranium) as well 
as the full USEPA Method 8260 list for VOC analysis. 
 
In summary, the removal of FUSRAP COCs from Source Area Propertiesô soil and groundwater 
areas of contamination will provide protection of human health and the environment. 
 
As described for Alternative 2, potential site impacts from climate change have been assessed, and 
the future performance of the alternatives is currently not at risk as a result of the effects of climate 
change in the region and near the Site.  
 
Compliance with ARARs 

ARARs associated with COC groundwater contamination would be achieved by this alternative 
obtaining the 40 CFR 141.66 (e) MCL for uranium of 30 ɛg/L, 40 CFR 141.61 (a)(15) MCL for 
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PCE of 5 ɛg/L, and the 6 NYCRR Part 703.5(f) groundwater quality standard for nickel of 
100 ɛg/L.  
 
Depending on how groundwater is discharged, groundwater treatment systems would be designed 
so that treated water met the substantive discharge limits of  6 NYCRR Part 380-11.7 that limits 
radionuclides being discharged. Workplans would be developed to meet this action specific 
ARAR. 
 
Long-Term Effectiveness and Permanence 

The removal of PCE, uranium and nickel from the FUSRAP source areas provides for a long-term 
effective and permanent remedy. This is due to exposure risk decreasing as the mass of COCs is 
removed from the subsurface. The use of the catalytic oxidizer to treat the extracted soil vapor, 
renders PCE into carbon dioxide and water and the treatment of groundwater permanently removes 
COCs from treatment effluent. As the active treatment technologies associated with this alternative 
are irreversible, Alternative 4 provides for long-term effectiveness and permanence associated 
with PCE, uranium, and nickel on the Source Area Properties.  
 
Short-Term Effectiveness 

During construction activities, there will be an increase in truck traffic, noise and the potential for 
fugitive dust associated with excavation and the installation of the SVE/AS and extraction wells, 
subsurface piping, infiltration galleries and hookups to the treatment system. During the operations 
of the treatment system, operators may potentially be exposed to acids as part the resin regeneration 
process. Operations of the blowers associated with the SVE/AS systems and the groundwater 
treatment plant air stripper will result in an increase in the overall noise level both in the treatment 
trailers and the surrounding area. The use of proper PPE, hearing protection and the development 
of a truck traffic plan can lessen these potential adverse short-term concerns.  
 
Construction activities associated with the deep excavations to be performed under Alternative 4 
have the potential to greatly increase generation of fugitive dust at the former Sylvania property. 
Given the proximity of the Site to neighboring residential areas, there is the potential risk to the 
public from inhalation and ingestion of airborne contaminants during the implementation of the 
remedial activities. These risks would be low, as measures to control off-site migration of 
FUSRAP contamination would be implemented during the excavation, transport, disposal, and 
restoration of the Site through monitoring and dust suppression. Trucks used for transport of the 
contaminated material off-site for disposal would be lined, covered, and decontaminated as needed 
in compliance with all U.S. Department of Transportation (USDOT) regulations associated with 
safety and transport of radioactive waste materials to prevent off-site contamination. An 
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emergency response program would be developed to respond to accidents and reduce the potential 
discharge of hazardous substances. 
 
There will be a significant increase in truck traffic to the site during excavation activities as 
excavated material is transported off site and backfill is delivered to the site. The development of 
a truck traffic plan can lessen these potential adverse short-term concerns. 
 
There are limited adverse short-term effects associated with the SVE/AS components, as well. The 
majority of PCE groundwater having concentrations above its cleanup objective is relatively deep 
(i.e., greater than 65 BGS). Therefore, construction workers installing the air transfer pipe would 
have limited potential for exposure; however, the drillers would have potential soil exposure given 
that the AS wells are installed in the areas of highest contaminant concentrations. During periods 
of mobilization, off site transport of waste, and demobilization, there would be an increase in local 
traffic.  
 
This alternative is estimated to take approximately 2.5 years for construction and 25 years of 
operations and maintenance to achieve RAOs. 
 
Reduction of Mobility, Toxicity, and Volume through Treatment 

Comprehensive excavation will remove COC-impacted materials, which will be disposed at 
appropriately licensed or permitted facilities for the waste. While this will result in a reduction in 
the mobility of the contaminants the mobility reduction is not obtained through treatment, there is 
no reduction in the toxicity nor volume of contaminated material through treatment. 
 
By removing FUSRAP COCs from the Source Area Properties through SVE/AS and Pump and 
Treat technologies, their overall concentrations are reduced; therefore, a reduction in the toxicity 
and volume through treatment is achieved for the site. The groundwater extraction system will 
create hydraulic gradients that would alleviate the outward migration of the contaminant plume; 
thereby reducing the mobility of the plume. As extracted vapor form SVE/AS is processed through 
a catalytic oxidizer, the atomic bonds of the PCE molecule are broken rendering carbon dioxide, 
hydrogen chloride and water, which decreases the overall toxicity. Therefore, Alternative 4 
achieves the compliance mandated by this evaluation criteria.  
 
Implementability 

Shallow excavations are a well-established construction process that has been used for decades at 
CERCLA sites. The activities use common construction equipment that does not require highly 
specialized/trained personnel. The deep excavations to be performed will require specialized 
equipment and personnel, as well as being logistically difficult to implement. These types of 
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excavations are not common on CERCLA sites. Precautions will be implemented to excavate soils 
near building foundations, the remedial design will identify pertinent established procedures (i.e., 
sheet piling, step excavations, large diameter casings, etc.) to facilitate soil removal. Soil 
conditions, such as caving or heaving, could make it impossible to reach the targeted depths 
(approximately 70 to 75 feet BGS). 

 
SVE/AS is a common approach for remediation of VOC contaminated groundwater and is 
technically feasible. Drilling, excavation for pipe trenches, waste handling, transportation, and off-
site disposal would utilize typical construction equipment and would not require specialty services 
or personnel. Operation of the SVE/AS systems involves common work elements with blowers 
and pumps as the main pieces of operational equipment. The catalytic oxidizer is somewhat of a 
specialty item; however, their use is widespread, and an established technical support system is in 
place to assist with O&M and trouble shooting. Monitoring of air discharge is a well-documented 
and established process. 
 
Groundwater extraction, air stripping, ion exchange and infiltration galleries are all established 
technologies. Their design parameters are well established, and there is a robust supply chain for 
equipment and specialty chemicals. Standardized equipment and tradesmen can be used to 
construct and operate the systems.  
 
Groundwater monitoring including sampling and analysis has been conducted over multiple site 
investigations. Trained personnel, sampling equipment, and laboratory services are readily 
available.  
 
Workplans would be developed to meet the action specific ARARs. 
 
Cost  

Table 5-3 presents the costs associated with implementing Alternative 4. The total capital cost 
associated with this alternative is $204,347,000. The approximate annual O&M cost associated 
with Alternative 4 for year 1 through 5 is estimated to be $2,605,250, for years 6 through 20 to be 
$1,603,750, and for years 21 through 25 to be $327,000. Assuming an annual discount rate of 2.5% 
and 25 years of maintenance, the present value of O&M is $30,581,000, which brings the total 
cost associated with Alternative 4 to be $234,928,000. 
 
Remedial O&M activity timeframes for LUC inspection and maintenance, SVE/AS O&M, 
groundwater P&T O&M, and groundwater monitoring have been estimated based on USEPA 
guidance and experience at similar sites. A 5-year timeframe has been utilized for SVE/AS, 20 
years for groundwater P&T, and 25 years for groundwater monitoring O&M activities and LUC 
inspection and maintenance. 



Sylvania Corning FUSRAP Site 
Feasibility Study 
 
 

 
 5-17 
Sylvania Feasibility Study_24April2025_Final 
 

 
5.3. Comparative Analysis of Remedial Alternatives 

A comparative analysis of the alternatives is provided below. The purpose of the comparative 
analysis is to identify the advantages and disadvantages of the alternatives when compared to each 
other. Consistent with FS guidance, Alternative 1 was retained as a basis of comparison for the 
remaining alternatives. 
 
Overall Protection of Human Health and the Environment 

Of the four alternatives, only Alternative 1 does not provide for any protection. The remaining 
three alternatives would be protective of human health and the environment.  
 
Compliance with ARARs 

Alternative 1 does not comply with ARARs. The remaining alternatives comply with ARARs.  
 
Long-term Effectiveness and Permanence 

Alternative 1 does not provide long-term effectiveness and permanence as no active remediation 
is involved. Alternative 2 will use capping, SVE, and AS to achieve cleanup concentrations and 
both Alternative 3 and 4 will achieve cleanup concentrations using pump and treat technology, so 
these three alternatives are equal in long-term effectiveness and permanence. While Alternative 3 
and 4 differ in that Alternative 3 uses soil washing to address soil contaminant removal, it may not 
be as immediate as Alternative 4 which excavates source material.  
 
The surface area required for the cap systems (Alternative 2) varies across the site. As there are 
multiple types of caps in different locations (i.e., existing concrete slabs and new or existing 
asphalt), it is probable that one or more areas could fall into disrepair and/or intrusive activities 
may occur. While LUCs will be implemented and permanently in place, Alternative 2 does not 
offer the same long-term effectiveness and permanence as the two other action alternatives. 
 
It should be noted that for the area located along the east side of the FUSRAP site, the three 
alternatives use SVE/AS to address PCE contamination. Therefore, the three are equal in offering 
long-term effectiveness and permanence for this area. 
 
Short-Term Effectiveness 

Of the four alternatives, only Alternative 1 has no adverse short-term impacts since no work of 
any kind is undertaken. Of the three action alternatives, Alternative 4 provides the most adverse 
short-term impacts. Given the volume of soil needed to be excavated and subsequently backfilled, 
there will be an increase in truck traffic, noise and dust generation, and greatly increased potential 
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for worker exposure to COC contaminated soil. Additionally, given the depth of the excavations 
(~70 BGS), soil stability issues and side wall collapses are also construction concerns. Alternative 
2 has similar issues (i.e., limited excavation, cap area surface prep, the laying of asphalt, etc.) 
associated with its implementation; however, they are on a much smaller scale to Alternative 4. 
 
Alternative 3 offers the least adverse short-term effects associated with its construction and 
operations. While drilling operations associated with the groundwater extraction system may 
potentially expose workers to COC contaminated soils, the exposure risk would be less than that 
associated with the other two action alternatives. With the groundwater treatment system requiring 
the use of strong acids to regenerate the ion exchange units, chemical burns are a consideration to 
adverse short-term risk, with this risk being associated with both Alternatives 3 and 4. 
 
Reduction of Toxicity, Mobility and Volume through Treatment 

Alternative 1 offers no reduction of mobility, toxicity, and volume through treatment.  
 
Alternative 2 offers limited reduction of mobility, toxicity, and volume through treatment. 
Alternative 2 removes shallow soils via the limited excavation component (leaving deep uranium 
and nickel impacted soil in place); however, excavation is not a treatment method and does not 
satisfy this evaluation criterion. The cap associated with Alternative 2 will reduce the downward 
migration of contaminants into the groundwater but only manages untreated wastes in place. By 
extracting and subsequently oxidizing PCE from the source area with SVE/AS, Alternative 2 offers 
a reduction of mobility, toxicity, and volume through treatment for VOCs; however, SVE/AS does 
not offer a reduction of the three criteria for uranium and nickel. 
 
Alternatives 3 and 4 both remove soil contaminants through excavation or soil flushing; however, 
neither alternative component is a treatment method and therefore does not satisfy this evaluation 
criterion. Soil flushing desorbs COCs from the soil matrix allowing for its collection by the pump 
and treat system; whereas excavation relies on the COCs to remain in the soil and be landfilled. 
Since flushed contaminants will be subsequently captured and treated, Alternative 3 provides for 
a greater potential reduction in toxicity and volume than Alternative 4 as discussed below. Both 
achieve equal effectiveness at reducing mobility of COCs in soil, though not through treatment. 
 
Alternatives 3 and 4 offer equal reduction in the mobility of COCs in groundwater by creating a 
hydraulic gradient that will both abate migration of the contaminant plume and collect COCs for 
subsequent treatment. Treatment of extracted groundwater or soil vapor will reduce the toxicity 
and volume of COCs. By extracting and subsequently oxidizing PCE from the source area with 
SVE/AS, the alternatives offer a reduction of mobility, toxicity, and volume through treatment for 
VOCs. AS may increase the mobility of uranium and nickel by increasing aerobic aquifer 
conditions. An increase in solubility will result in an increase in mobility. Under Alternatives 3 
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and 4 this groundwater will be captured and treated. Alternative 3 results in the greater volume of 
flushed COCs to be captured and treated. 
 
The degree in which treatment is used as the primary remedial action of the alternatives is greatest 
with Alternative 3. Alternative 3 has the greatest reduction since flushed contaminants will be 
captured and treated and the deep soil excavations occurring under Alternative 4 will only result 
in the movement of contamination from the site to a disposal facility. 
 
Implementability 

Alternative 1 is the most readily implementable alternative as no remedial activities are 
implemented; however, as no remedial effort is undertaken, ARARs regarding cleanup objectives 
will not be met, and the exposure risks will not be addressed. Therefore, Alternative 1 is not 
administratively implementable.  
 
Of the three action alternatives, Alternatives 2 and 3 offer similar levels of technical 
implementability. They are established technologies that use standard construction equipment and 
do not require highly trained/specialized labor. The deep excavations to be performed under 
Alternative 4 will require specialized equipment and personnel and while more logistically 
complex than the other alternatives, it remains implementable. 
 
Alternatives 3 and 4 will require specialized labor for operating and maintaining the groundwater 
treatment systems. 
 
Cost 

The estimated capital costs, O&M costs, and present-worth costs for the alternatives discussed in 
this FS are compared in Table 5-4. Of the four alternatives, Alternative 1 (No Action) is the least 
expensive due to the fact that no additional remedial efforts will be undertaken. For the remaining 
three alternatives, Alternative 2 has a total net present worth ($80,229,000), which is less than 
Alternative 3 ($88,522,000) by approximately $8,293,000, and less than Alternative 4 
($234,928,000) by approximately $154,699,000.  
 
State and Community Acceptance 

These criteria will not be formally evaluated, and a remedy selected until comments on the 
Proposed Plan are received. 
 
5.4. Summary of Remedial Action Comparative Analysis 

The comparative analysis of alternatives was based on the CERCLA criteria and provides the basis 
for selecting the preferred alternative. The selected preferred alternative must meet the threshold 
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criteria for Overall Protection of Human Health and the Environment and Compliance with 
ARARs, while other criteria should be considered in the selection process.  
 
The preferred alternative will be described in the Proposed Plan for public review and comment 
and should be selected from the alternatives presented above, as required by the NCP. Community 
involvement, public input, and state and local concurrence will be paramount in the selection 
process. Based on the comments received, the preferred remedy may be modified. Ultimately, the 
final remedial action will be selected by the USACE and will be presented in the ROD. 
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ǇŀǊǘ ƻŦ ŀƭƭ ƻǘƘŜǊ ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 

aƻƴƛǘƻǊƛƴƎ {ƛǘŜ LƴǎǇŜŎǘƛƻƴκ 
{ŀƳǇƭƛƴƎ 

{ŀƳǇƭŜ ƛƴŘƻƻǊ ŀƛǊ ǘƻ ŎƘŜŎƪ ŦƻǊ ǾŀǇƻǊ ƛƴǘǊǳǎƛƻƴ ƻŦ C¦{w!t 
ƘŀƭƻƎŜƴŀǘŜŘ ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ ƛƴǘƻ ǘƘŜ ŎǳǊǊŜƴǘ 
ŀƴŘ ŦǳǘǳǊŜ ƻƴπǇǊƻǇŜǊǘȅ ōǳƛƭŘƛƴƎǎ ŀƴŘ ŎƻƴŘǳŎǘ ǿŀƭƪƻǾŜǊ ǊŀŘƛŀǘƛƻƴ 
ǎǳǊǾŜȅǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ƭŜǾŜƭ ƻŦ ǊŀŘƛƻŀŎǘƛǾƛǘȅΦ  

!ƭǊŜŀŘȅ ƛƳǇƭŜƳŜƴǘŜŘΦ ¢ƘŜ ƘǳƳŀƴ ƘŜŀƭǘƘ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ŎƻƴŘǳŎǘŜŘ 
ŘǳǊƛƴƎ ǘƘŜ wŜƳŜŘƛŀƭ LƴǾŜǎǘƛƎŀǘƛƻƴ όwLύ Ƙŀǎ ǎƘƻǿƴ ƴƻ ǳƴŀŎŎŜǇǘŀōƭŜ 
Ǌƛǎƪǎ ŦǊƻƳ ƛƴŘƻƻǊ ŀƛǊΦ ! ǿŀƭƪƻǾŜǊ ǎǳǊǾŜȅ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ǇŜǊŦƻǊƳŜŘΦ 
DǊƻǳƴŘǿŀǘŜǊ ǎŀƳǇƭƛƴƎ ǿƛƭƭ ŎƻƴǘƛƴǳŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 

aƻƴƛǘƻǊŜŘ bŀǘǳǊŀƭ 
!ǘǘŜƴǳŀǘƛƻƴ κ 
aƻƴƛǘƻǊŜŘ bŀǘǳǊŀƭ 
5ŜƎǊŀŘŀǘƛƻƴ 
όab!ύ 

tŜǊƛƻŘƛŎ ǎŀƳǇƭƛƴƎ ƻŦ ǎƻǳǊŎŜ ŀǊŜŀ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ŘƻǿƴƎǊŀŘƛŜƴǘ 
ƎǊƻǳƴŘǿŀǘŜǊ ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎ ǘƻ ŘƻŎǳƳŜƴǘ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ 
ǘƘǊƻǳƎƘ ŀŘǾŜŎǘƛƻƴΣ ŘƛǎǇŜǊǎƛƻƴΣ ŀƴŘ ōƛƻŘŜƎǊŀŘŀǘƛƻƴΦ aƻƴƛǘƻǊŜŘ 
bŀǘǳǊŀƭ !ǘǘŜƴǳŀǘƛƻƴ κ aƻƴƛǘƻǊŜŘ bŀǘǳǊŀƭ 5ŜƎǊŀŘŀǘƛƻƴ ƛǎ 
ŎƻƭƭŜŎǘƛǾŜƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ab!Φ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ tǊŜǾƛƻǳǎ ǎŀƳǇƭƛƴƎ Ƙŀǎ ōŜŜƴ 
ǇŜǊŦƻǊƳŜŘ ǘƻ ŀǎǎŜǎǎ ƴŀǘǳǊŀƭ ŀǘǘŜƴǳŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ǿƘƛŎƘ ǿŜǊŜ 
ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ wLΦ 5ƻǿƴƎǊŀŘƛŜƴǘ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊ ŀǊŜ 
ŘŜƳƻƴǎǘǊŀǘƛƴƎ ab!Σ ōǳǘ ƴƻ ab! ƛǎ ƻŎŎǳǊǊƛƴƎ ǿƛǘƘƛƴ ǘƘŜ {ƻǳǊŎŜ 
!ǊŜŀǎ tǊƻǇŜǊǘƛŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻ 

/ƻƴǘŀƛƴƳŜƴǘ /ŀǇǇƛƴƎ {ƛƴƎƭŜ ƻǊ aǳƭǘƛπ
ƭŀȅŜǊ /ŀǇ  

tƭŀŎŜƳŜƴǘ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ ŎƻǾŜǊ ƳŀǘŜǊƛŀƭǎ ƻƴ ŎƻƴǘŀƳƛƴŀǘŜŘ ŀǊŜŀǎ 
ǘƻ ǇǊŜǾŜƴǘ ŜȄǇƻǎǳǊŜ ǘƻ C¦{w!t /h/ǎ ŀƴŘ ǇǊŜǾŜƴǘκ ƳƛƴƛƳƛȊŜ 
ŦǳǊǘƘŜǊ ƳƛƎǊŀǘƛƻƴ ǘƘǊƻǳƎƘ ƛƴŦƛƭǘǊŀǘƛƻƴΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ tƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊƻǇŜǊǘȅ ŀǊŜ ǇŀǾŜŘ ǿƛǘƘ 
ŀǎǇƘŀƭǘ ŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŘ ŦƻǊƳŜǊ ƻƴπǇǊƻǇŜǊǘȅ ōǳƛƭŘƛƴƎǎ ƘŀǾŜ 
ǇƻǳǊŜŘ ŎƻƴŎǊŜǘŜ ǎƭŀō ŦƭƻƻǊǎΦ Lǘ ƛǎ ƴƻǘ ŀ ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜ ŦƻǊ 
ƎǊƻǳƴŘǿŀǘŜǊΣ ōǳǘ ƛǘ ǿƛƭƭ ōŜ ǊŜǘŀƛƴŜŘ ǘƻ ƭƛƳƛǘ ƎǊƻǳƴŘǿŀǘŜǊ ƳƛƎǊŀǘƛƻƴΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

¸Ŝǎ 

{ǳǊŦŀŎŜ /ƻƴǘǊƻƭǎ {ƻƛƭ ƻǊ ±ŜƎŜǘŀǘƛǾŜ 
/ƻǾŜǊ 
κDǊŀŘƛƴƎκ5ƛǾŜǊǎƛƻƴ 

tƭŀŎŜƳŜƴǘ ƻŦ ǎƻƛƭ ƻǊ ǾŜƎŜǘŀǘƛǾŜ ŎƻǾŜǊ ǘƻ ŘƛǊŜŎǘ ǎǳǊŦŀŎŜ ǊǳƴƻŦŦ ǘƻ 
ǘƘŜ ƴŜǘǿƻǊƪ ƻŦ ŘǊȅ ǿŜƭƭǎκƭŜŀŎƘ Ǉƻƻƭǎ ƻƴ ǘƘŜ ŦƻǊƳŜǊ {ȅƭǾŀƴƛŀ 
ǇǊƻǇŜǊǘȅΦ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ {ƻƛƭ ƻǊ ǾŜƎŜǘŀǘƛǾŜ ŎƻǾŜǊ Ŏŀƴ ǊŜπŘƛǊŜŎǘ 
ǊǳƴƻŦŦ ōǳǘ ǿƛƭƭ ƴƻǘ ǇǊŜǾŜƴǘ ƛƴŦƛƭǘǊŀǘƛƻƴ ǎƻ ƴƻǘ ǊŜǘŀƛƴŜŘΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

/ƻǾŜǊ {ƻƛƭ ƻǊ ±ŜƎŜǘŀǘƛǾŜ 
/ƻǾŜǊ κDǊŀŘƛƴƎκ 
5ƛǾŜǊǎƛƻƴ 

tƭŀŎŜƳŜƴǘ ƻŦ ǎƻƛƭ ƻǊ ǾŜƎŜǘŀǘƛǾŜ ŎƻǾŜǊ ǘƻ ŘƛǊŜŎǘ ǎǳǊŦŀŎŜ ǊǳƴƻŦŦ ǘƻ 
ǘƘŜ ƻƴπǇǊƻǇŜǊǘȅ ƴŜǘǿƻǊƪ ƻŦ ŘǊȅ ǿŜƭƭǎκƭŜŀŎƘ ǇƻƻƭǎΦ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ /ǳǊǊŜƴǘƭȅ ŀ ǎŀƴŘ ŎƻǾŜǊ ƻǾŜǊƭŀƛŘ ǿƛǘƘ 
ŜƛǘƘŜǊ ƎǊŀǾŜƭ ƻǊ ŀǎǇƘŀƭǘ Ƙŀǎ ōŜŜƴ ǇƭŀŎŜŘ ƻǾŜǊ ǘƘŜ ŦƻǊƳŜǊ ǊŜƳŜŘƛŀƭ 
ŎŜƭƭǎΦ Lǘ Ƙŀǎ ƴƻǘ ǇǊŜǾŜƴǘŜŘ ƛƴŦƛƭǘǊŀǘƛƻƴΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

±ŜǊǘƛŎŀƭ .ŀǊǊƛŜǊǎ {ƘŜŜǘ tƛƭƛƴƎ tƭŀŎŜƳŜƴǘ ƻŦ ǎƘŜŜǘ ǇƛƭƛƴƎ ōŜƴŜŀǘƘ ǘƘŜ ǿŀǘŜǊ ǘŀōƭŜ ǘƻ ǇǊŜǾŜƴǘ 
ƭŀǘŜǊŀƭ ƻŦŦπǇǊƻǇŜǊǘȅ ƳƛƎǊŀǘƛƻƴ ƻŦ C¦{w!t /h/ǎΦ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ¢ƘŜǊŜ ƛǎ ƴƻ ǎƘŀƭƭƻǿ ŎƻƴŦƛƴƛƴƎ ƭŀȅŜǊ 
ōŜƴŜŀǘƘ ǘƘŜ ƭƻǿŜǊ ȊƻƴŜ ǾŀŘƻǎŜ ȊƻƴŜ ǎƻƛƭǎ ƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƳōƛƴŜŘ 
ǿƛǘƘ ǘƘŜ ŘŜǇǘƘ ǘƻ ǘƘŜ wŀǊƛǘŀƴ Ŏƭŀȅ ƘǳƴŘǊŜŘǎ ƻŦ ŦŜŜǘ ōŜƭƻǿ ƎǊƻǳƴŘ 
ǎǳǊŦŀŎŜ ό.D{ύΣ ǾŜǊǘƛŎŀƭ ōŀǊǊƛŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛǎ ƴƻǘ ŦŜŀǎƛōƭŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

{ƭǳǊǊȅ ²ŀƭƭ tƭŀŎŜƳŜƴǘ ƻŦ ŀ ǎƭǳǊǊȅ ǿŀƭƭ ƛƴ ǘƘŜ ǾŀŘƻǎŜ ȊƻƴŜ ǘƻ ǇǊŜǾŜƴǘ ƭŀǘŜǊŀƭ 
ƻŦŦπǇǊƻǇŜǊǘȅ ƳƛƎǊŀǘƛƻƴ ƻŦ C¦{w!t /h/ǎΦ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ {ƛƴŎŜ ŎƻƴǘŀƳƛƴŀƴǘ ƳƻǾŜƳŜƴǘ ƛƴ ǘƘŜ 
ǾŀŘƻǎŜ ȊƻƴŜ ƛǎ ǾŜǊǘƛŎŀƭΣ ƴƻǘ ƘƻǊƛȊƻƴǘŀƭΣ ŀ ǎƭǳǊǊȅ ǿŀƭƭ ǿƛƭƭ ƴƻǘ ǇǊŜǾŜƴǘ 
ƭŜŀŎƘŀǘŜ ŦǊƻƳ ǊŜŀŎƘƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

/ƻƴǘŀƛƴƳŜƴǘ ±ŜǊǘƛŎŀƭ .ŀǊǊƛŜǊǎ LƴƧŜŎǘƛƻƴ ²ŀƭƭ LƴƧŜŎǘƛƻƴ ǿŀƭƭǎ ƛƴǾƻƭǾŜ ǘƘŜ ŘŜŜǇ ƛƴƧŜŎǘƛƻƴ ƻŦ ŀ ƎŜƻǘŜŎƘƴƛŎŀƭ 
ǇƻƭȅƳŜǊ ƛƴ ŀ ǎǘǊŀǘŜƎƛŎ ƎǊƛŘ ǇŀǘǘŜǊƴ ǘƻ ŎǊŜŀǘŜ ŀ ōŀǊǊƛŜǊ ǊŜǎǘǊƛŎǘƛƴƎ 
ŎƻƴǘŀƳƛƴŀƴǘ ƳƻǾŜƳŜƴǘ ŦǊƻƳ ƻƴŜ ŀǊŜŀ ǘƻ ŀƴƻǘƘŜǊΦ ¢Ƙƛǎ 
ŀǇǇƭƛŎŀǘƛƻƴ Ƴŀȅ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ǘƻ ŎƻƴǘǊƻƭ ƻǊ Ŏƻƴǘŀƛƴ ƳƻǾŜƳŜƴǘ 
ƻŦ ŎƻƴǘŀƳƛƴŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ŦǊƻƳ ƻƴŜ ŀǊŜŀ ǘƻ ŀƴƻǘƘŜǊ ōȅ 
ǊŜŘǳŎƛƴƎ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛǾŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǎƻƛƭǎΦ  

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ {ƛƴŎŜ ŎƻƴǘŀƳƛƴŀƴǘ ƳƻǾŜƳŜƴǘ ƛƴ ǘƘŜ 
ǾŀŘƻǎŜ ȊƻƴŜ ƛǎ ǾŜǊǘƛŎŀƭΣ ƴƻǘ ƘƻǊƛȊƻƴǘŀƭΣ ŀƴ ƛƴƧŜŎǘƛƻƴ ǿŀƭƭ ǿƛƭƭ ƴƻǘ 
ǇǊŜǾŜƴǘ ƭŜŀŎƘŀǘŜ ŦǊƻƳ ǊŜŀŎƘƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 



¢ŀōƭŜ оπм Lƴƛǘƛŀƭ {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
 

tŀƎŜ н ƻŦ т 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!Ŏǘƛƻƴ 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ .ǊƛŜŦ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 

IƻǊƛȊƻƴǘŀƭ 
.ŀǊǊƛŜǊǎ 

DǊƻǳǘ LƴƧŜŎǘƛƻƴ tƭŀŎŜƳŜƴǘ ƻŦ ŀƴ ƛƳǇŜǊƳŜŀōƭŜ ōŀǊǊƛŜǊ ǘƻ ǇǊŜǾŜƴǘ ǾŜǊǘƛŎŀƭ 
ƳƛƎǊŀǘƛƻƴ ƻŦ C¦{w!t /h/ǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǾŀŘƻǎŜ ȊƻƴŜΦ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŘŜǇǘƘ ǘƻ /h/ǎ ŀƴŘ 
ƎǊƻǳƴŘǿŀǘŜǊ όŀǇǇǊƻȄƛƳŀǘŜƭȅ ср ŦŜŜǘ ōƎǎύΣ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŀ 
ƘƻǊƛȊƻƴǘŀƭ ōŀǊǊƛŜǊ ŀǘ ǘƘƛǎ ŘŜǇǘƘ ƛǎ ƴƻǘ ŦŜŀǎƛōƭŜΦ  

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

wŜƳƻǾŀƭ 9ȄŎŀǾŀǘƛƻƴ 9ȄŎŀǾŀǘƛƻƴ 9ȄŎŀǾŀǘƛƻƴ ƻŦ ǎƻƛƭǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ ǳǎƛƴƎ ŎƻƴǾŜƴǘƛƻƴŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ 
ŜǉǳƛǇƳŜƴǘΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t /h/ǎΦ {ƻƛƭ ŜȄŎŀǾŀǘƛƻƴ ǿŀǎ 
ǇŜǊŦƻǊƳŜŘ ƛƴ нлло ŀƴŘ нллп ŀƴŘ ŀǘ ǘƘŀǘ ǘƛƳŜ ŎƻǳƭŘ ƴƻǘ Ǝƻ ŘŜŜǇŜǊ 
ŘǳŜ ǘƻ ŀƴ ŜȄŎŜŜŘŀƴŎŜ ƻŦ ŜȄŎŀǾŀǘƛƻƴ ŘŜǎƛƎƴ ƭƛƳƛǘǎΦ Lǘ ǿƛƭƭ ōŜ ǊŜǘŀƛƴŜŘ 
ŦƻǊ ōƻǘƘ ǎƘŀƭƭƻǿ ŀƴŘ ŘŜŜǇ Ƙƻǘ ǎǇƻǘ ǊŜƳƻǾŀƭ ŀƴŘ ǊŜƳƻǾŀƭ ƻŦ ǎǳƳǇǎΣ 
ǇƛǘǎΣ ŎŜǎǎǇƻƻƭǎ ŀƴŘ ǳƴŘŜǊƎǊƻǳƴŘ ǎǘƻǊŀƎŜ ǘŀƴƪǎΦ  

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

¸Ŝǎ 

9ȄǘǊŀŎǘƛƻƴ {ƻƛƭ ±ŀǇƻǊ 
9ȄǘǊŀŎǘƛƻƴ ό{±9ύ 

{±9 ƛǎ ŀƴ ƛƴ ǎƛǘǳ ǾŀŘƻǎŜ ȊƻƴŜ ǎƻƛƭ ǊŜƳŜŘƛŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ 
ŀ ǾŀŎǳǳƳ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǎƻƛƭ ǘƻ ǊŜƳƻǾŜ ǾƻƭŀǘƛƭŜ ŎƻƴǘŀƳƛƴŀƴǘǎ 
ŦǊƻƳ ǘƘŜ ǎƻƛƭΦ ¢ƘŜ ƻŦŦ Ǝŀǎ ƭŜŀǾƛƴƎ ǘƘŜ ǎƻƛƭ Ƴŀȅ ǊŜǉǳƛǊŜ ǘǊŜŀǘƳŜƴǘΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ ! Ǉƛƭƻǘ 
ǎǘǳŘȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ нлннΦ 

t/9 ¸Ŝǎ 

LƴǘŜǊŎŜǇǘƻǊ 
¢ǊŜƴŎƘŜǎ 

LƴǘŜǊŎŜǇǘƻǊ ǘǊŜƴŎƘŜǎ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ǳǎŜŘ ǘƻ ŎƻƭƭŜŎǘ ǎƘŀƭƭƻǿ 
ƎǊƻǳƴŘǿŀǘŜǊ ŀƴŘ ŀǊŜ ǇƭŀŎŜŘ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ ǇǊƛƳŀǊȅ Ŧƭƻǿ 
ŘƛǊŜŎǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ŀǉǳƛŦŜǊΦ DǊƻǳƴŘǿŀǘŜǊ ƛǎ ǘȅǇƛŎŀƭƭȅ ŎƻƭƭŜŎǘŜŘ ōȅ 
ǇǳƳǇƛƴƎ ŦǊƻƳ ŀ ǇŜǊŦƻǊŀǘŜŘ ǇƛǇŜ ǇƭŀŎŜŘ ƛƴ ŀ ǘǊŜƴŎƘ ŦƛƭƭŜŘ ǿƛǘƘ 
ǇŜǊƳŜŀōƭŜ ƳŀǘŜǊƛŀƭǎΦ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ DǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǿƛǘƘ 
C¦{w!t /h/ǎ ŀƭǊŜŀŘȅ ŜȄǘŜƴŘǎ ǘƻ ŘŜǇǘƘǎ ƻǾŜǊ мрл ŦŜŜǘ ōƎǎΦ ¢ƘŜ 
ǾŜǊǘƛŎŀƭ ƘȅŘǊŀǳƭƛŎ ƎǊŀŘƛŜƴǘ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ƘȅŘǊŀǳƭƛŎ 
ƎǊŀŘƛŜƴǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ƴƻǘ ǾƛŀōƭŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

DǊƻǳƴŘǿŀǘŜǊ 
9ȄǘǊŀŎǘƛƻƴ tǳƳǇ 
ŀƴŘ ¢ǊŜŀǘ όtϧ¢ύ 

9ȄǘǊŀŎǘƛƻƴ ǿŜƭƭǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ǳǎŜŘ ǘƻ ǇǳƳǇ ƎǊƻǳƴŘǿŀǘŜǊ ŦǊƻƳ 
ǾŜǊǘƛŎŀƭ ǿŜƭƭǎ ǎŎǊŜŜƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŀƳƛƴŀǘŜŘ ǇƻǊǘƛƻƴ ƻŦ 
ŀǉǳƛŦŜǊǎ ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ǿƛǘƘ ƴƛŎƪŜƭΣ ǊŀŘƛƻƴǳŎƭƛŘŜǎ ŀƴŘ 
ƘŀƭƻƎŜƴŀǘŜŘ ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƛƴƛƴƎ C¦{w!t 
/h/ǎΦ 5ǳŜ ǘƻ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǘȅǇŜΣ ŘƛǊŜŎǘ ŘƛǎŎƘŀǊƎŜ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǎƻ 
ǘƘƛǎ ƛǎ ƴƻǘ ŀ ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜΣ ōǳǘ ƛǘ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǇŀǊǘ 
ƻŦ ŜȄ ǎƛǘǳ ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

¸Ŝǎ 

Lƴπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

tƘȅǎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

{ƻƛƭ CƭǳǎƘƛƴƎ {ƻƛƭ ŦƭǳǎƘƛƴƎ ƛǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ǇŀǎǎƛƴƎ ǿŀǘŜǊ ƻǊ ƻǘƘŜǊ ǎǳƛǘŀōƭŜ 
ŀǉǳŜƻǳǎ ǎƻƭǳǘƛƻƴǎ ǘƘǊƻǳƎƘ ƛƴπǇƭŀŎŜ ǎƻƛƭǎ ǳǎƛƴƎ ŀƴ ƛƴƧŜŎǘƛƻƴ ƻǊ 
ƛƴŦƛƭǘǊŀǘƛƻƴ ǇǊƻŎŜǎǎΦ ¢ƘŜǎŜ ŜȄǘǊŀŎǘƛƻƴ ŦƭǳƛŘǎ Ƴǳǎǘ ōŜ ǊŜŎƻǾŜǊŜŘ 
ŦǊƻƳ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŀǉǳƛŦŜǊΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ 9ŀǎƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t 
ǊŀŘƛƻƴǳŎƭƛŘŜǎ ƻƴ ǘƘŜ мпл tǊƻǇŜǊǘȅΦ ¢ƘŜ ǎƛƭǘ ƭŀȅŜǊ ǇǊŜǎŜƴǘ ƻƴ ƻǘƘŜǊ 
ǇǊƻǇŜǊǘƛŜǎ ƳŀƪŜǎ ƛǘ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ƛƳǇƭŜƳŜƴǘ ƛƴ ǘƘƻǎŜ ƭƻŎŀǘƛƻƴǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

¸Ŝǎ 

!ƛǊ {ǇŀǊƎƛƴƎ !ƛǊ ǎǇŀǊƎƛƴƎ ƛǎ ŀƴ ƛƴπǎƛǘǳ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ ŀƛǊ ƛǎ ƛƴƧŜŎǘŜŘ 
ǘƘǊƻǳƎƘ ŀ ŎƻƴǘŀƳƛƴŀǘŜŘ ŀǉǳƛŦŜǊΦ ¢Ƙƛǎ ƛƴƧŜŎǘŜŘ ŀƛǊ ƳƻōƛƭƛȊŜǎ 
ŎƻƴǘŀƳƛƴŀƴǘǎΦ ±h/ǎ ƳƛƎǊŀǘŜ ǳǇ ƛƴǘƻ ǘƘŜ ǳƴǎŀǘǳǊŀǘŜŘ ȊƻƴŜ ǿƘŜǊŜ 
ŀ ǾŀǇƻǊ ŜȄǘǊŀŎǘƛƻƴ ǎȅǎǘŜƳ ƛǎ ǳǎŜŘ ǘƻ ǊŜƳƻǾŜ ǘƘŜ ƎŜƴŜǊŀǘŜŘ ǾŀǇƻǊ 
ǇƘŀǎŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴΦ aŜǘŀƭǎ Ŏŀƴ ōŜ ƳƻōƛƭƛȊŜŘ ŀƴŘ ŎŀǇǘǳǊŜŘΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ƛƴ ǘƘŜ ǎƘŀƭƭƻǿ 
ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊΦ ¢Ƙƛǎ ǘŜŎƘƴƻƭƻƎȅ ǿƻǳƭŘ ōŜ ǳǎŜŘ ƛƴ 
ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǎƻƛƭ ǾŀǇƻǊ ŜȄǘǊŀŎǘƛƻƴΦ ²ƘŜǊŜ ƛǘ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ 
ƳƻōƛƭƛȊŜ ƴƛŎƪŜƭ ƻǊ ǳǊŀƴƛǳƳ ƛǘ ǿƛƭƭ ōŜ ǳǎŜŘ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ŀ 
ƎǊƻǳƴŘǿŀǘŜǊ ŜȄǘǊŀŎǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

¸Ŝǎ 

Lƴπ²Ŝƭƭ !ƛǊ 
{ǘǊƛǇǇƛƴƎ 

LƴπǿŜƭƭ ŀƛǊ ǎǘǊƛǇǇƛƴƎ ƛǎ ŀ ǘŜŎƘƴƻƭƻƎȅ ǿƘŜǊŜ ŀƛǊ ƛǎ ƛƴƧŜŎǘŜŘ ƛƴǘƻ ŀ 
ǾŜǊǘƛŎŀƭ ǿŜƭƭ ǎŎǊŜŜƴŜŘ ŀǘ ǘǿƻ ŘŜǇǘƘǎΦ ! ƭƻǿŜǊ ǎŎǊŜŜƴ ƛǎ ǎŜǘ ƛƴ ǘƘŜ 
ƎǊƻǳƴŘǿŀǘŜǊ ǎŀǘǳǊŀǘŜŘ ȊƻƴŜΣ ŀƴŘ ŀƴ ǳǇǇŜǊ ǎŎǊŜŜƴ ƛƴ ǘƘŜ ǾŀŘƻǎŜ 
ȊƻƴŜΦ tǊŜǎǎǳǊƛȊŜŘ ŀƛǊ ƛǎ ƛƴƧŜŎǘŜŘ ƛƴǘƻ ǘƘŜ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ ǿŀǘŜǊ 
ǘŀōƭŜΣ ŀŜǊŀǘƛƴƎ ǘƘŜ ǿŀǘŜǊΦ !ŜǊŀǘŜŘ ǿŀǘŜǊ ǊƛǎŜǎ ƛƴ ǘƘŜ ǿŜƭƭ ŀƴŘ 
Ŧƭƻǿǎ ƻǳǘ ŀǘ ǘƘŜ ǳǇǇŜǊ ǎŎǊŜŜƴΦ ±h/ǎ ǾŀǇƻǊƛȊŜ ǿƛǘƘƛƴ ǘƘŜ ǿŜƭƭ ŀǘ 
ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǿŀǘŜǊ ǘŀōƭŜ ŀǎ ǘƘŜ ŀƛǊ ōǳōōƭŜǎ ƻǳǘ ƻŦ ǘƘŜ ǿŀǘŜǊΦ 
±ŀǇƻǊǎ ŀǊŜ ŘǊŀǿƴ ƻŦŦ ōȅ ŀ ǎƻƛƭ ǾŀǇƻǊ ŜȄǘǊŀŎǘƛƻƴ ό{±9ύ ǎȅǎǘŜƳΦ  

²ƘƛƭŜ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ƛƴ ǘƘŜ 
ǎƘŀƭƭƻǿ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊΣ ƛǘ ƛǎ ƴƻǘ ǊŜǘŀƛƴŜŘ ǎƛƴŎŜ ŀƛǊ ǎǇŀǊƎƛƴƎ ƛǎ 
ǘƘŜ ōŜǘǘŜǊ ǇǊƻŎŜǎǎ ƻǇǘƛƻƴ ŦƻǊ ƻƴπǎƛǘŜ ǎƻǳǊŎŜǎΦ  

t/9 bƻΣ ƻǘƘŜǊ 
ǇǊƻŎŜǎǎ ƻǇǘƛƻƴǎ 
ŀǊŜ ǎǳǇŜǊƛƻǊ 

Lƴπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

tƘȅǎƛŎŀƭκ/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

Lƴπǎƛǘǳ 
{ƻƭƛŘƛŦƛŎŀǘƛƻƴκ 
{ǘŀōƛƭƛȊŀǘƛƻƴ όL{κ{ύ 

L{κ{ ƛǎ ŀ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŀǊŜ ǇƘȅǎƛŎŀƭƭȅ ōƻǳƴŘ ƻǊ 
ŜƴŎƭƻǎŜŘ ǿƛǘƘƛƴ ŀ ǎǘŀōƛƭƛȊŜŘ Ƴŀǎǎ όǎƻƭƛŘƛŦƛŎŀǘƛƻƴύΣ ƻǊ ŎƘŜƳƛŎŀƭ 
ǊŜŀŎǘƛƻƴǎ ŀǊŜ ƛƴŘǳŎŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀōƛƭƛȊƛƴƎ ŀƎŜƴǘ ŀƴŘ 
ŎƻƴǘŀƳƛƴŀƴǘǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ Ƴƻōƛƭƛǘȅ όǎǘŀōƛƭƛȊŀǘƛƻƴύΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t /h/ǎ ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭ ŀƴŘ 
ǊŀŘƛƻƴǳŎƭƛŘŜǎΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ¦ǊŀƴƛǳƳ aƻōƛƭƛǘȅ LƴǾŜǎǘƛƎŀǘƛƻƴ ǎƘƻǿŜŘ 
ǘƘŀǘ Ƴƻǎǘ ƻŦ ǘƘŜ ǳǊŀƴƛǳƳ ƛǎ ƻȄƛŘƛȊŜŘ ŀƴŘ ƭƛƪŜƭȅ ƛƴ ŀ ƳƻōƛƭŜ ǎǘŀǘŜΦ 
{ƛƴŎŜ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ƛǎ ŀŜǊƻōƛŎ ƛǘ ǿƻǳƭŘ ōŜ ǳƴƭƛƪŜƭȅ ǘƻ ŀŎƘƛŜǾŜ 
ŀƴŀŜǊƻōƛŎ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜƳ ƻǾŜǊ ŀ ƭƻƴƎ ǇŜǊƛƻŘΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ ¸Ŝǎ 



¢ŀōƭŜ оπм Lƴƛǘƛŀƭ {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
 

tŀƎŜ о ƻŦ т 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!Ŏǘƛƻƴ 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ .ǊƛŜŦ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 

/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

/ƘŜƳƛŎŀƭ hȄƛŘŀǘƛƻƴ 
όL{/hύ 

/ƘŜƳƛŎŀƭ hȄƛŘŀǘƛƻƴ ƛǎ ŀ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ƻȄƛŘŀǘƛƻƴ ŎƘŜƳƛŎŀƭƭȅ 
ŎƻƴǾŜǊǘǎ ŎƻƴǘŀƳƛƴŀƴǘǎ ǘƻ ƭŜǎǎ ǘƻȄƛŎ ŎƻƳǇƻǳƴŘǎΦ hȄƛŘƛȊƛƴƎ ŀƎŜƴǘǎ 
ŎƻƳƳƻƴƭȅ ǳǎŜŘ ŀǊŜ ƻȊƻƴŜΣ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜΣ ŀƴŘ 
ǇŜǊƳŀƴƎŀƴŀǘŜΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ŀǎ ƻȄƛŘŀƴǘǎ ƘŀǾŜ 
ōŜŜƴ ŀōƭŜ ǘƻ ŎŀǳǎŜ ǘƘŜ ǊŀǇƛŘ ŀƴŘ ŎƻƳǇƭŜǘŜ ŎƘŜƳƛŎŀƭ ŘŜǎǘǊǳŎǘƛƻƴ ƻŦ 
Ƴŀƴȅ ƻǊƎŀƴƛŎ ŎƘŜƳƛŎŀƭǎΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƻǇǘƛƻƴ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ 
ƳƻōƛƭƛȊŜ ǳǊŀƴƛǳƳΦ  

t/9 ¸Ŝǎ 

/ƘŜƳƛŎŀƭ 
wŜŘǳŎǘƛƻƴ όL{/wύ 

/ƘŜƳƛŎŀƭ wŜŘǳŎǘƛƻƴ ƛǎ ŀ ǇǊƻŎŜǎǎ ǘƘŀǘ ƳŀƪŜǎ ǳǎŜ ƻŦ ǎǘǊƻƴƎ 
ŎƘŜƳƛŎŀƭ ǊŜŘǳŎƛƴƎ ŀƎŜƴǘǎ ƭƛƪŜ ƳƛŎǊƻǎŎŀƭŜ ƻǊ ƴŀƴƻǎŎŀƭŜ ȊŜǊƻπǾŀƭŜƴǘ 
ƛǊƻƴ ǘƻ ǘǊŜŀǘ ŎƘƭƻǊƛƴŀǘŜŘ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛƴ ƎǊƻǳƴŘǿŀǘŜǊΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ŀƴŘ ƴƛŎƪŜƭΦ ²ƛƭƭ ƴƻǘ 
ǎǘŀōƛƭƛȊŜ ƳŜǘŀƭǎ ƭƻƴƎπǘŜǊƳ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜŘƻȄ ǎǘŀǘŜ ŀƴŘ 
ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊΦ 

bƛŎƪŜƭΣ t/9 ¸Ŝǎ 

.ƛƻƭƻƎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

.ƛƻǾŜƴǘƛƴƎ 
όŀŜǊƻōƛŎύ 

.ƛƻǾŜƴǘƛƴƎ ǎǘƛƳǳƭŀǘŜǎ ǘƘŜ ƴŀǘǳǊŀƭ ƛƴ ǎƛǘǳ ōƛƻŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ŀƴȅ 
ŀŜǊƻōƛŎŀƭƭȅ ŘŜƎǊŀŘŀōƭŜ ŎƻƳǇƻǳƴŘǎ ƛƴ ǎƻƛƭ ōȅ ǇǊƻǾƛŘƛƴƎ ƻȄȅƎŜƴ ǘƻ 
ŜȄƛǎǘƛƴƎ ǎƻƛƭ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ! ǎƭƻǿ ǇǊƻŎŜǎǎ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ŀǎ 
ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ƻǇǘƛƳŀƭƭȅ ōƛƻƭƻƎƛŎŀƭƭȅ ŘŜƎǊŀŘŜ ǳƴŘŜǊ ŀƴŀŜǊƻōƛŎ 
ŎƻƴŘƛǘƛƻƴǎΦ  

t/9 ¸Ŝǎ 

9ƴƘŀƴŎŜŘ 
.ƛƻǊŜƳŜŘƛŀǘƛƻƴ 

.ƛƻǊŜƳŜŘƛŀǘƛƻƴ ƛǎ ŀ ǇǊƻŎŜǎǎ ƛƴ ǿƘƛŎƘ ƛƴŘƛƎŜƴƻǳǎ ƻǊ ƛƴƻŎǳƭŀǘŜŘ 
ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ŘŜƎǊŀŘŜ όƳŜǘŀōƻƭƛȊŜύ ƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎ 
ŦƻǳƴŘ ƛƴ ǎƻƛƭ ŀƴŘκƻǊ ƎǊƻǳƴŘǿŀǘŜǊΦ 9ƴƘŀƴŎŜŘ .ƛƻǊŜƳŜŘƛŀǘƛƻƴ ƛǎ ŀ 
ǇǊƻŎŜǎǎ ǘƘŀǘ ŀǘǘŜƳǇǘǎ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ƴŀǘǳǊŀƭ ōƛƻŘŜƎǊŀŘŀǘƛƻƴ 
ǇǊƻŎŜǎǎ ōȅ ǇǊƻǾƛŘƛƴƎ ƴǳǘǊƛŜƴǘǎΣ ŜƭŜŎǘǊƻƴ ŀŎŎŜǇǘƻǊǎΣ ŀƴŘ 
ŎƻƳǇŜǘŜƴǘ ŘŜƎǊŀŘƛƴƎ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ƴŀȅ ƻǘƘŜǊǿƛǎŜ ōŜ 
ƭƛƳƛǘƛƴƎ ǘƘŜ ǊŀǇƛŘ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƻǊƎŀƴƛŎǎ ǘƻ 
ƛƴƴƻŎǳƻǳǎ ŜƴŘ ǇǊƻŘǳŎǘǎΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ŀƴŀŜǊƻōƛŎ ōƛƻǊŜƳŜŘƛŀǘƛƻƴ ƻŦ ƴƛŎƪŜƭ 
ŀƴŘ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ ²ƛƭƭ ƴƻǘ ǎǘŀōƛƭƛȊŜ ƳŜǘŀƭǎ ƭƻƴƎπǘŜǊƳ ōŀǎŜŘ ƻƴ 
ǘƘŜ ŎǳǊǊŜƴǘ ǊŜŘƻȄ ǎǘŀǘŜ ŀƴŘ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊΦ 

bƛŎƪŜƭΣ t/9 ¸Ŝǎ 

tƘȅǘƻǊŜƳŜŘƛŀǘƛƻƴ tƘȅǘƻǊŜƳŜŘƛŀǘƛƻƴ ƛǎ ŀ ǇǊƻŎŜǎǎ ǘƘŀǘ ǳǎŜǎ Ǉƭŀƴǘǎ ǘƻ ǊŜƳƻǾŜΣ 
ǘǊŀƴǎŦŜǊΣ ǎǘŀōƛƭƛȊŜΣ ŀƴŘ ŘŜǎǘǊƻȅ ŎƻƴǘŀƳƛƴŀƴǘǎ ƛƴ ǎƻƛƭ ŀƴŘ ǎŜŘƛƳŜƴǘΦ 
¢ƘŜ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ǇƘȅǘƻǊŜƳŜŘƛŀǘƛƻƴ ƛƴŎƭǳŘŜ ŜƴƘŀƴŎŜŘ 
ǊƘƛȊƻǎǇƘŜǊŜ ōƛƻŘŜƎǊŀŘŀǘƛƻƴΣ ǇƘȅǘƻπŜȄǘǊŀŎǘƛƻƴ όŀƭǎƻ ŎŀƭƭŜŘ ǇƘȅǘƻπ
ŀŎŎǳƳǳƭŀǘƛƻƴύΣ ǇƘȅǘƻπŘŜƎǊŀŘŀǘƛƻƴΣ ŀƴŘ ǇƘȅǘƻπǎǘŀōƛƭƛȊŀǘƛƻƴΦ  

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŘǳŜ ǘƻ ǘƘŜ ŘŜǇǘƘ ƻŦ ǘƘŜ ǘǊŜŀǘƳŜƴǘ 
ȊƻƴŜ ŀǘ ǘƘŜ ǇǊƻǇŜǊǘȅΦ ¢ƘŜ ŘŜǇǘƘ ƻŦ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ȊƻƴŜ ƛǎ ŘŜǘŜǊƳƛƴŜŘ 
ōȅ Ǉƭŀƴǘǎ ǳǎŜŘ ƛƴ ǇƘȅǘƻǊŜƳŜŘƛŀǘƛƻƴΦ Lƴ Ƴƻǎǘ ŎŀǎŜǎΣ ƛǘ ƛǎ ƭƛƳƛǘŜŘ ǘƻ 
ǎƘŀƭƭƻǿ ǎƻƛƭǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ bƻΣ ƴƻǘ 
ǘŜŎƘƴƛŎŀƭƭȅ 
ƛƳǇƭŜƳŜƴǘŀōƭŜ 

¢ƘŜǊƳŀƭ 
¢ǊŜŀǘƳŜƴǘ 

¢ƘŜǊƳŀƭ 
5ŜǎƻǊǇǘƛƻƴ 

Lƴπǎƛǘǳ ǘƘŜǊƳŀƭ ŘŜǎƻǊǇǘƛƻƴ ƛǎ ŀ ǘƘŜǊƳŀƭ ǘǊŜŀǘƳŜƴǘ ǇǊƻŎŜǎǎ 
ŘŜǎƛƎƴŜŘ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǾƻƭŀǘƛƭƛȊŀǘƛƻƴ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ŎŀǇǘǳǊŜ 
ŀƴŘ ǘǊŜŀǘƳŜƴǘ ƻŦ ±h/ǎΦ IŜŀǘƛƴƎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ Ǿƛŀ ǎŜǾŜǊŀƭ 
ƻǇǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŜƭŜŎǘǊƛŎŀƭπǊŜǎƛǎǘŀƴŎŜ ƘŜŀǘƛƴƎ όƛΦŜΦΣ ǇŀǎǎƛƴƎ 
ŜƭŜŎǘǊƛŎƛǘȅ ǘƘǊƻǳƎƘ ǎƻƛƭ Ǿƛŀ ŜƭŜŎǘǊƻŘŜǎύΣ Ƙƻǘ ǿŀǘŜǊ ƻǊ ǎǘŜŀƳ 
ƛƴƧŜŎǘƛƻƴΣ ŀƴŘ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛƻƴ όǾƛŀ ŜƭŜŎǘǊƛŎŀƭ ƘŜŀǘŜǊǎύΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ ! ǎƻƛƭ 
ǾŀǇƻǊ ŜȄǘǊŀŎǘƛƻƴ ό{±9ύ Ǉƛƭƻǘ ǎǘǳŘȅ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛƻƴ 
ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ нлнн ǘƘŀǘ ŎƻƴŎƭǳŘŜŘ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛƻƴ ŦŀƛƭŜŘ ǘƻ 
ƛƴŎǊŜŀǎŜ ǊŜŎƻǾŜǊȅ ǊŀǘŜǎ ŘǳŜ ǘƻ ǘƘŜ ǇƻǊƻǎƛǘȅ ƻŦ ǘƘŜ ǎƻƛƭǎΦ 

t/9 ¸ŜǎΣ ǊŜǘŀƛƴŜŘ 
ƘŜŀǘŜŘ ŀƛǊ 
ƛƴƧŜŎǘƛƻƴ ŀƴŘ Ƙƻǘ 
ǿŀǘŜǊ ƻǊ ǎǘŜŀƳ 
ƛƴƧŜŎǘƛƻƴ 

Lƴ ǎƛǘǳ ±ƛǘǊƛŦƛŎŀǘƛƻƴ 
όL{±ύ 

L{± ƛǎ ŀƴƻǘƘŜǊ ƛƴ ǎƛǘǳ {κ{ ǇǊƻŎŜǎǎ ǿƘƛŎƘ ǳǎŜǎ ŀƴ ŜƭŜŎǘǊƛŎ ŎǳǊǊŜƴǘ ǘƻ 
ƳŜƭǘ ǎƻƛƭ ƻǊ ƻǘƘŜǊ ŜŀǊǘƘŜƴ ƳŀǘŜǊƛŀƭǎ ŀǘ ŜȄǘǊŜƳŜƭȅ ƘƛƎƘ 
ǘŜƳǇŜǊŀǘǳǊŜǎ όмΣслл ǘƻ нΣллл ϲ/ ƻǊ нΣфлл ǘƻ оΣсрл ϲCύ ŀƴŘ ǘƘŜǊŜōȅ 
ƛƳƳƻōƛƭƛȊŜ Ƴƻǎǘ ƛƴƻǊƎŀƴƛŎǎ όƛƴŎƭǳŘƛƴƎ ǊŀŘƛƻƴǳŎƭƛŘŜǎ ŀƴŘ ƘŜŀǾȅ 
ƳŜǘŀƭǎύ ŀƴŘ ŘŜǎǘǊƻȅ ƻǊƎŀƴƛŎ Ǉƻƭƭǳǘŀƴǘǎ ōȅ ǇȅǊƻƭȅǎƛǎΦ LƴƻǊƎŀƴƛŎ 
Ǉƻƭƭǳǘŀƴǘǎ ŀǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǾƛǘǊƛŦƛŜŘ Ǝƭŀǎǎ ŀƴŘ 
ŎǊȅǎǘŀƭƭƛƴŜ Ƴŀǎǎ ǿƘƛŎƘ ƛǎ ŎƘŜƳƛŎŀƭƭȅ ǎǘŀōƭŜ ŀƴŘ ƭŜŀŎƘ ǊŜǎƛǎǘŀƴǘΦ 
²ŀǘŜǊ ǾŀǇƻǊ ŀƴŘ ƻǊƎŀƴƛŎ ǇȅǊƻƭȅǎƛǎ ŎƻƳōǳǎǘƛƻƴ ǇǊƻŘǳŎǘǎ ǳƴŘŜǊƎƻ 
ƻŦŦπƎŀǎ ǘǊŜŀǘƳŜƴǘ ǘƻ ǊŜƳƻǾŜ ǇŀǊǘƛŎǳƭŀǘŜǎ ŀƴŘ ƻǘƘŜǊ ǇƻƭƭǳǘŀƴǘǎΦ  

L{± Ƙŀǎ ōŜŜƴ ŘƻŎǳƳŜƴǘŜŘ ŀǎ ŀƴ ŜŦŦŜŎǘƛǾŜ ƳŀƴƴŜǊ ǘƻ ǎƻƭƛŘƛŦȅ ǎƻƛƭǎ 
ŎƻƴǘŀƛƴƛƴƎ ǊŀŘƛƻŀŎǘƛǾŜ ƳŀǘŜǊƛŀƭΤ ƘƻǿŜǾŜǊΣ L{± ŜŦŦƛŎŀŎȅ ŘŜǇŜƴŘǎ ƻƴ 
ǘƘŜ ǎƻƛƭ ƳŀǘǊƛȄ ŎƻƴǘŀƛƴƛƴƎ ǎǳŦŦƛŎƛŜƴǘ ǎƛƭƛŎŀ ŀƴŘ ŀƭƪŀƭƛƴŜ ƻȄƛŘŜǎ ǇǊŜǎŜƴǘΦ 
aƛȄŜŘ ǿŀǎǘŜǎ ŎƻƴǘŀƛƴƛƴƎ ƘŀƭƻƎŜƴŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŀǊŜ ƴƻǘ ƎƻƻŘ 
ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ L{± ōŜŎŀǳǎŜ ǘƘŜ ǊŜǎǳƭǘƛƴƎ Ǝƭŀǎǎ ǇǊƻŘǳŎǘ ƛǎ ǇƻǊƻǳǎ ŀƴŘ 
ƴƻǘ ŘǳǊŀōƭŜΦ CǳǊǘƘŜǊΣ ƘƛƎƘ ƳƻƛǎǘǳǊŜκǎŀƭǘ ŎƻƴǘŜƴǘ ƛƴ ǎƻƛƭ Ŏŀƴ ƛƴŎǊŜŀǎŜ 
ŜƭŜŎǘǊƛŎŀƭ ƴŜŜŘǎκŎƻǎǘΦ /ǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ŘǊŀƛƴŀƎŜ ŦŜŀǘǳǊŜǎ ǊŜǉǳƛǊŜ 
ǊŜƳƻǾŀƭ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭ ǘƻ ŘŀȅƭƛƎƘǘ ƻǳǘǎƛŘŜ ƻŦ 
ŎƻƴǘŀƛƴƳŜƴǘ ŀǊŜŀǎ ƛǎ ǇƻǎǎƛōƭŜΦ ¢Ƙƛǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ƴƻǘ ǊŜǘŀƛƴŜŘΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ bƻΣ ƴƻǘ 
ǊŜŎƻƳƳŜƴŘŜŘ 
ŦƻǊ ƳƛȄŜŘ ǿŀǎǘŜ 
ǎƻƛƭǎ ŎƻƴǘŀƛƴƛƴƎ 
ƘŀƭƻƎŜƴŀǘŜŘ 
ŎƻƳǇƻǳƴŘǎ 

9Ȅπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

tƘȅǎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

{ƻƛƭ ²ŀǎƘƛƴƎ {ƻƛƭ ǿŀǎƘƛƴƎ ƛǎ ŀ ǿŀǘŜǊπōŀǎŜŘ ǇǊƻŎŜǎǎ ŦƻǊ ǎŎǊǳōōƛƴƎ ǎƻƛƭǎ ŜȄ ǎƛǘǳ ǘƻ 
ǊŜƳƻǾŜ ŎƻƴǘŀƳƛƴŀƴǘǎΦ ¢ƘŜ ǇǊƻŎŜǎǎ ǊŜƳƻǾŜǎ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ 
ǎƻƛƭǎ ōȅΥ ŘƛǎǎƻƭǾƛƴƎ ƻǊ ǎǳǎǇŜƴŘƛƴƎ ǘƘŜƳ ƛƴ ǘƘŜ ǿŀǎƘ ǎƻƭǳǘƛƻƴ 
όǿƘƛŎƘ Ŏŀƴ ōŜ ǎǳǎǘŀƛƴŜŘ ōȅ ŎƘŜƳƛŎŀƭ ƳŀƴƛǇǳƭŀǘƛƻƴ ƻŦ ǇI ŦƻǊ ŀ 
ǇŜǊƛƻŘ ƻŦ ǘƛƳŜύΤ ƻǊ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ǘƘŜƳ ƛƴǘƻ ŀ ǎƳŀƭƭŜǊ ǾƻƭǳƳŜ ƻŦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t /h/ǎ ƛƴŎƭǳŘƛƴƎ ƘŀƭƻƎŜƴŀǘŜŘ 
±h/ǎΣ ƴƛŎƪŜƭ ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ ¢ƘŜ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ŎƭŜŀƴ ŀ ǿƛŘŜ 
ǊŀƴƎŜ ƻŦ ƻǊƎŀƴƛŎ ŀƴŘ ƛƴƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ŎƻŀǊǎŜπƎǊŀƛƴŜŘ 
ǎƻƛƭǎΦ IƻǿŜǾŜǊΣ ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƛƭƻǘ ǘŜǎǘ ŀƛǊ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŀƴŘ ƎƛǾŜƴ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ǎƛǘŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ 
ƴƻǘ ƻǇǘƛƳŀƭ ŦƻǊ 
ǇǊƻǇŜǊ ƻǇŜǊŀǘƛƻƴ 



¢ŀōƭŜ оπм Lƴƛǘƛŀƭ {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
 

tŀƎŜ п ƻŦ т 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!Ŏǘƛƻƴ 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ .ǊƛŜŦ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 

ǎƻƛƭ ǘƘǊƻǳƎƘ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ǎŜǇŀǊŀǘƛƻƴΣ ƎǊŀǾƛǘȅ ǎŜǇŀǊŀǘƛƻƴΣ ŀƴŘ 
ŀǘǘǊƛǘƛƻƴ ǎŎǊǳōōƛƴƎΦ ¢ƘŜ ǿŀǎƘ ǿŀǘŜǊ Ƴŀȅ ōŜ ŀǳƎƳŜƴǘŜŘ ǿƛǘƘ ŀ 
ōŀǎƛŎ ƭŜŀŎƘƛƴƎ ŀƎŜƴǘΣ ǎǳǊŦŀŎǘŀƴǘΣ ǇI ŀŘƧǳǎǘƳŜƴǘΣ ƻǊ ŎƘŜƭŀǘƛƴƎ 
ŀƎŜƴǘ ǘƻ ƘŜƭǇ ǊŜƳƻǾŜ ƻǊƎŀƴƛŎǎ ŀƴŘ ƘŜŀǾȅ ƳŜǘŀƭǎΦ 

ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ t/9 ƛƴ ǎƻƛƭΣ ŜȄπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ 
ŀŘǾŜǊǎŜ ŜȄǇƻǎǳǊŜ ǘƻ ǿƻǊƪŜǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ  

ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴ 

/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

/ƘŜƳƛŎŀƭ 
9ȄǘǊŀŎǘƛƻƴ 

/ƘŜƳƛŎŀƭ ŜȄǘǊŀŎǘƛƻƴ ƛǎ ŀ ƳŜŀƴǎ ƻŦ ǎŜǇŀǊŀǘƛƴƎ ƘŀȊŀǊŘƻǳǎ 
ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ǎƻƛƭǎΣ ǎƭǳŘƎŜǎΣ ŀƴŘ ǎŜŘƛƳŜƴǘǎΣ ǘƘŜǊŜōȅ 
ǊŜŘǳŎƛƴƎ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǘƘŜ ƘŀȊŀǊŘƻǳǎ ǿŀǎǘŜ ǘƘŀǘ Ƴǳǎǘ ōŜ 
ǘǊŜŀǘŜŘΦ ¢ƘŜ ǘŜŎƘƴƻƭƻƎȅ ǳǎŜǎ ŀƴ ŜȄǘǊŀŎǘƛƴƎ ŎƘŜƳƛŎŀƭ ŀƴŘ ŘƛŦŦŜǊǎ 
ŦǊƻƳ ǎƻƛƭ ǿŀǎƘƛƴƎΣ ǿƘƛŎƘ ƎŜƴŜǊŀƭƭȅ ǳǎŜǎ ǿŀǘŜǊ ƻǊ ǿŀǘŜǊ ǿƛǘƘ 
ǿŀǎƘπƛƳǇǊƻǾƛƴƎ ŀŘŘƛǘƛǾŜǎΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t /h/ǎ ƛƴŎƭǳŘƛƴƎ ƘŀƭƻƎŜƴŀǘŜŘ 
±h/ǎΣ ƴƛŎƪŜƭ ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ ¢ƘŜ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ǎŜǇŀǊŀǘŜ ŀ ǿƛŘŜ 
ǊŀƴƎŜ ƻŦ ƻǊƎŀƴƛŎ ŀƴŘ ƛƴƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ŎƻŀǊǎŜπƎǊŀƛƴŜŘ 
ǎƻƛƭǎΦ IƻǿŜǾŜǊΣ ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƛƭƻǘ ǘŜǎǘ ŀƛǊ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŀƴŘ ƎƛǾŜƴ 
ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ t/9 ƛƴ ǎƻƛƭΣ ŜȄπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ 
ŀŘǾŜǊǎŜ ŜȄǇƻǎǳǊŜ ǘƻ ǿƻǊƪŜǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ǎƛǘŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ 
ƴƻǘ ƻǇǘƛƳŀƭ ŦƻǊ 
ǇǊƻǇŜǊ ƻǇŜǊŀǘƛƻƴ 
ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴ 

5ŜƘŀƭƻƎŜƴŀǘƛƻƴ 5ŜƘŀƭƻƎŜƴŀǘƛƻƴ ƛǎ ŀ ǇǊƻŎŜǎǎ ƛƴ ǿƘƛŎƘ ǊŜŀƎŜƴǘǎ ŀǊŜ ŀŘŘŜŘ ǘƻ ǎƻƛƭǎ 
ŎƻƴǘŀƳƛƴŀǘŜŘ ǿƛǘƘ ƘŀƭƻƎŜƴŀǘŜŘ ƻǊƎŀƴƛŎǎΦ ¢ƘŜ ŘŜƘŀƭƻƎŜƴŀǘƛƻƴ 
ǇǊƻŎŜǎǎ ƛǎ ŀŎƘƛŜǾŜŘ ōȅ ŜƛǘƘŜǊ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ ǘƘŜ ƘŀƭƻƎŜƴ 
ƳƻƭŜŎǳƭŜǎ ƻǊ ǘƘŜ ŘŜŎƻƳǇƻǎƛǘƛƻƴ ŀƴŘ ǇŀǊǘƛŀƭ ǾƻƭŀǘƛƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 
ŎƻƴǘŀƳƛƴŀƴǘǎΦ ¢ǿƻ ǎǳŎƘ ǇǊƻŎŜǎǎŜǎ ŀǊŜ .ŀǎŜπŎŀǘŀƭȅȊŜŘ 
ŘŜŎƻƳǇƻǎƛǘƛƻƴ ό./5ύ ŀƴŘ !ƭƪŀƭƛƴŜ tƻƭȅŜǘƘȅƭŜƴŜ DƭȅŎƻƭ ό!t9DύΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ IƻǿŜǾŜǊΣ 
ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƛƭƻǘ ǘŜǎǘ ŀƛǊ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŀƴŘ ƎƛǾŜƴ ǘƘŜ 
ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ t/9 ƛƴ ǎƻƛƭΣ ŜȄπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ ŀŘǾŜǊǎŜ 
ŜȄǇƻǎǳǊŜ ǘƻ ǿƻǊƪŜǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ 

t/9 bƻΣ ǎƛǘŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ 
ƴƻǘ ƻǇǘƛƳŀƭ ŦƻǊ 
ǇǊƻǇŜǊ ƻǇŜǊŀǘƛƻƴ 
ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴ 

tƘȅǎƛŎŀƭκ/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

9Ȅπǎƛǘǳ 
{ƻƭƛŘƛŦƛŎŀǘƛƻƴκ 
{ǘŀōƛƭƛȊŀǘƛƻƴ ό9{κ{ύ 

9{κ{ ƛǎ ǎƛƳƛƭŀǊ ǘƻ L{κ{ ŜȄŎŜǇǘ ǘƘŀǘ ǘƘŜ ǇǊƻŎŜǎǎ ƛǎ ǇŜǊŦƻǊƳŜŘ ƻƴπ
ǇǊƻǇŜǊǘȅ ƻǊ ƻŦŦπǇǊƻǇŜǊǘȅ ŀŦǘŜǊ ǘƘŜ ǎƻƛƭǎ ŀƴŘ ǿŀǎǘŜ ƳŀǘŜǊƛŀƭǎ ŀǊŜ 
ŜȄŎŀǾŀǘŜŘΦ /ƻƴǘŀƳƛƴŀƴǘǎ ŀǊŜ ǇƘȅǎƛŎŀƭƭȅ ōƻǳƴŘ ƻǊ ŜƴŎƭƻǎŜŘ ǿƛǘƘƛƴ 
ŀ ǎǘŀōƛƭƛȊŜŘ Ƴŀǎǎ όǎƻƭƛŘƛŦƛŎŀǘƛƻƴύΣ ƻǊ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ ŀǊŜ 
ƛƴŘǳŎŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀōƛƭƛȊƛƴƎ ŀƎŜƴǘ ŀƴŘ ŎƻƴǘŀƳƛƴŀƴǘǎ ǘƻ 
ǊŜŘǳŎŜ ǘƘŜƛǊ Ƴƻōƛƭƛǘȅ όǎǘŀōƛƭƛȊŀǘƛƻƴύΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t /h/ǎ ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭ ŀƴŘ 
ǊŀŘƛƻƴǳŎƭƛŘŜǎΤ ƘƻǿŜǾŜǊΣ ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳ ǿƻǳƭŘ ōŜ ǎŜƴǘ ƻŦŦ ǎƛǘŜ 
ŀƴŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ Řƻ ƴƻǘ ŀǇǇŜŀǊ ǘƻ ǊŜǉǳƛǊŜ ǎǘŀōƛƭƛȊŀǘƛƻƴΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ ƎƛǾŜƴ ǘƘŜ ƛƴƛǘƛŀƭ ǾƻƭǳƳŜ ƻŦ ǎƻƛƭ ǿƛƭƭ ƻƴƭȅ ƛƴŎǊŜŀǎŜ ǿƛǘƘ 
ǎƻƭƛŘƛŦƛŎŀǘƛƻƴκǎǘŀōƛƭƛȊŀǘƛƻƴΣ ǘƘƛǎ ŀƭǘŜǊƴŀǘƛǾŜ ƛǎ ƴƻǘ ŦŜŀǎƛōƭŜΦ  

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ bƻΣ ŘŜǘŜǊƳƛƴŜŘ 
ǳƴƴŜŎŜǎǎŀǊȅ 
ǎƛƴŎŜ ǘǊŜŀǘŜŘ 
ǿŀǎǘŜ ǿƻǳƭŘ ƴƻǘ 
ǊŜƳŀƛƴ ƻƴ ǎƛǘŜ  

.ƛƻƭƻƎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

{ƭǳǊǊȅ tƘŀǎŜ 
.ƛƻǊŜƳŜŘƛŀǘƛƻƴ 

{ƭǳǊǊȅ ǇƘŀǎŜ ōƛƻƭƻƎƛŎŀƭ ǘǊŜŀǘƳŜƴǘ ƛƴǾƻƭǾŜǎ ǘƘŜ ŎƻƴǘǊƻƭƭŜŘ 
ǘǊŜŀǘƳŜƴǘ ƻŦ ŜȄŎŀǾŀǘŜŘ ǎƻƛƭ ƛƴ ŀ ōƛƻǊŜŀŎǘƻǊΦ !ŦǘŜǊ ǇƘȅǎƛŎŀƭƭȅ 
ǎŜǇŀǊŀǘƛƴƎ ǎǘƻƴŜǎ ŀƴŘ ǊǳōōƭŜΣ ǘƘŜ ŜȄŎŀǾŀǘŜŘ ǎƻƛƭ ƛǎ ǎƭǳǊǊƛŜŘ ǿƛǘƘ 
ǿŀǘŜǊ ƛƴ ŀ ǊŜŀŎǘƻǊ ǾŜǎǎŜƭ ǘƻ ǿƘƛŎƘ ƴǳǘǊƛŜƴǘǎ ŀƴŘ ƻȄȅƎŜƴ ŀǊŜ ŀŘŘŜŘ 
ǘƻ ŦƻǊƳ ŀ ƳƛȄǘǳǊŜ ŎƻƴǘŀƛƴƛƴƎ мл ǘƻ ол ǇŜǊŎŜƴǘ ǎƻƭƛŘǎ ōȅ ǿŜƛƎƘǘΦ LŦ 
ƴŜŎŜǎǎŀǊȅΣ ŀƴ ŀŎƛŘ ƻǊ ŀƭƪŀƭƛ Ƴŀȅ ōŜ ŀŘŘŜŘ ǘƻ ŎƻƴǘǊƻƭ ǇIΦ 
aƛŎǊƻƻǊƎŀƴƛǎƳǎ ŀƭǎƻ Ƴŀȅ ōŜ ŀŘŘŜŘ ƛŦ ŀ ǎǳƛǘŀōƭŜ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ƴƻǘ 
ǇǊŜǎŜƴǘΦ ²ƘŜƴ ōƛƻŘŜƎǊŀŘŀǘƛƻƴ ƛǎ ŎƻƳǇƭŜǘŜΣ ǘƘŜ ǎƻƛƭ ǎƭǳǊǊȅ ƛǎ 
ŘŜǿŀǘŜǊŜŘΣ ŀƴŘ ǘƘŜ ǘǊŜŀǘŜŘ ǎƻƛƭ ƛǎ ŘƛǎǇƻǎŜŘΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ .ȅ ǳǎƛƴƎ 
ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ŀƴŘ ƴǳǘǊƛŜƴǘǎΣ ǎƻƭǳōƭŜ ǳǊŀƴƛǳƳ ό±Lύ 
Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ƳǳŎƘ ƭŜǎǎ ǎƻƭǳōƭŜ ǳǊŀƴƛǳƳ όL±ύ ōȅ ŜƴȊȅƳŀǘƛŎ 
ǊŜŘǳŎǘƛƻƴΦ IƻǿŜǾŜǊΣ ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƛƭƻǘ ǘŜǎǘ ŀƛǊ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŀƴŘ 
ƎƛǾŜƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ t/9 ƛƴ ǎƻƛƭΣ ŜȄπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ 
ŀŘǾŜǊǎŜ ŜȄǇƻǎǳǊŜ ǘƻ ǿƻǊƪŜǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ 

t/9 bƻΣ ǎƛǘŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ 
ƴƻǘ ƻǇǘƛƳŀƭ ŦƻǊ 
ǇǊƻǇŜǊ ƻǇŜǊŀǘƛƻƴ 
ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴ 

¢ƘŜǊƳŀƭ 
¢ǊŜŀǘƳŜƴǘ 

¢ƘŜǊƳŀƭ 
5ŜǎƻǊǇǘƛƻƴ 

¢ƘŜǊƳŀƭ ŘŜǎƻǊǇǘƛƻƴ ƛǎ ŀ ǇƘȅǎƛŎŀƭ ǎŜǇŀǊŀǘƛƻƴ ǇǊƻŎŜǎǎ ƛƴ ǿƘƛŎƘ 
ǿŀǎǘŜǎ ŀǊŜ ƘŜŀǘŜŘ ǘƻ ǾƻƭŀǘƛƭƛȊŜ ǿŀǘŜǊ ŀƴŘ ƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎΦ 
hǊƎŀƴƛŎǎ ŀǊŜ ƴƻǘ ŘŜǎǘǊƻȅŜŘ ƻǊ ƻȄƛŘƛȊŜŘΦ ! ŎŀǊǊƛŜǊ Ǝŀǎ ƻǊ ǾŀŎǳǳƳ 
ǎȅǎǘŜƳ ǘǊŀƴǎǇƻǊǘǎ ǾƻƭŀǘƛƭƛȊŜŘ ǿŀǘŜǊ ŀƴŘ ƻǊƎŀƴƛŎǎ ǘƻ ǘƘŜ Ǝŀǎ 
ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳΦ ¢ǿƻ ŎƻƳƳƻƴ ǘƘŜǊƳŀƭ ŘŜǎƻǊǇǘƛƻƴ ŘŜǎƛƎƴǎ ŀǊŜ 
ǘƘŜ ǊƻǘŀǊȅ ŘǊȅŜǊ ŀƴŘ ǘƘŜǊƳŀƭ ǎŎǊŜǿΦ ¢ƘŜ ƻŦŦ Ǝŀǎ ƛǎ ǘǊŜŀǘŜŘ ǘƻ 
ǊŜƳƻǾŜ ǇŀǊǘƛŎǳƭŀǘŜǎ ŀƴŘ ŎƻƴǘŀƳƛƴŀƴǘǎΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ IƻǿŜǾŜǊΣ 
ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƛƭƻǘ ǘŜǎǘ ŀƛǊ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŀƴŘ ƎƛǾŜƴ ǘƘŜ 
ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ t/9 ƛƴ ǎƻƛƭΣ ŜȄπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ ŀŘǾŜǊǎŜ 
ŜȄǇƻǎǳǊŜ ǘƻ ǿƻǊƪŜǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ 

t/9 bƻΣ ǎƛǘŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ 
ƴƻǘ ƻǇǘƛƳŀƭ ŦƻǊ 
ǇǊƻǇŜǊ ƻǇŜǊŀǘƛƻƴ 
ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴ 

9Ȅπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

¢ƘŜǊƳŀƭ 
¢ǊŜŀǘƳŜƴǘ 

LƴŎƛƴŜǊŀǘƛƻƴ IƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎΣ утл ǘƻ мΣнллϲ/ όмΣплл ǘƻ нΣнлл ϲCύΣ ŀǊŜ ǳǎŜŘ ǘƻ 
ǾƻƭŀǘƛƭƛȊŜ ŀƴŘ ŎƻƳōǳǎǘ όƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƻȄȅƎŜƴύ ƘŀƭƻƎŜƴŀǘŜŘ 
ŀƴŘ ƻǘƘŜǊ ǊŜŦǊŀŎǘƻǊȅ ƻǊƎŀƴƛŎǎ ƛƴ ƘŀȊŀǊŘƻǳǎ ǿŀǎǘŜǎΦ hŦǘŜƴ ŀǳȄƛƭƛŀǊȅ 
ŦǳŜƭǎ ŀǊŜ ŜƳǇƭƻȅŜŘ ǘƻ ƛƴƛǘƛŀǘŜ ŀƴŘ ǎǳǎǘŀƛƴ ŎƻƳōǳǎǘƛƻƴΦ hŦŦ ƎŀǎŜǎ 
ŀƴŘ ŎƻƳōǳǎǘƛƻƴ ǊŜǎƛŘǳŀƭǎ ƎŜƴŜǊŀƭƭȅ ǊŜǉǳƛǊŜ ǘǊŜŀǘƳŜƴǘΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 
LƴŎƛƴŜǊŀǘƛƻƴ ƛǎ ŀ ǇǊŜǎǳƳǇǘƛǾŜ ǊŜƳŜŘȅ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 
IƻǿŜǾŜǊΣ ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƛƭƻǘ ǘŜǎǘ ŀƛǊ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŀƴŘ ƎƛǾŜƴ ǘƘŜ 
ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ t/9 ƛƴ ǎƻƛƭΣ ŜȄπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ ŀŘǾŜǊǎŜ 
ŜȄǇƻǎǳǊŜ ǘƻ ǿƻǊƪŜǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ 

t/9 bƻΣ ǎƛǘŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ 
ƴƻǘ ƻǇǘƛƳŀƭ ŦƻǊ 
ǇǊƻǇŜǊ ƻǇŜǊŀǘƛƻƴ 



¢ŀōƭŜ оπм Lƴƛǘƛŀƭ {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
 

tŀƎŜ р ƻŦ т 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!Ŏǘƛƻƴ 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ .ǊƛŜŦ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 

ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴ 

9Ȅπ{ƛǘǳ ±ƛǘǊƛŦƛŎŀǘƛƻƴ 
ό9{±ύ 

¢ƘŜ 9{± ǇǊƻŎŜǎǎ ƛǎ ŎƻƴŘǳŎǘŜŘ ŜȄ ǎƛǘǳ ŀŦǘŜǊ ŎƻƴǘŀƳƛƴŀǘŜŘ ƳŜŘƛŀ ƛǎ 
ŜȄŎŀǾŀǘŜŘΦ IŜŀǘ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ƛƳƳƻōƛƭƛȊŜ Ƴƻǎǘ ƛƴƻǊƎŀƴƛŎǎ 
όƛƴŎƭǳŘƛƴƎ ǊŀŘƛƻƴǳŎƭƛŘŜǎ ŀƴŘ ƘŜŀǾȅ ƳŜǘŀƭǎύ ŀƴŘ ŘŜǎǘǊƻȅ ƻǊƎŀƴƛŎ 
Ǉƻƭƭǳǘŀƴǘǎ ōȅ ǇȅǊƻƭȅǎƛǎΦ ²ŀǘŜǊ ǾŀǇƻǊ ŀƴŘ ƻǊƎŀƴƛŎ ǇȅǊƻƭȅǎƛǎ 
ŎƻƳōǳǎǘƛƻƴ ǇǊƻŘǳŎǘǎ ǳƴŘŜǊƎƻ ƻŦŦπƎŀǎ ǘǊŜŀǘƳŜƴǘ ǘƻ ǊŜƳƻǾŜ 
ǇŀǊǘƛŎǳƭŀǘŜǎ ŀƴŘ ƻǘƘŜǊ ǇƻƭƭǳǘŀƴǘǎΦ ²ƘƛƭŜ ǘƘŜ Ŧƛƴŀƭ ƴƻƴπƭŜŀŎƘƛƴƎ 
Ǝƭŀǎǎȅ ǎƻƭƛŘ ǇǊƻŘǳŎǘ ŘƻŜǎ ƴƻǘ ǊŜǉǳƛǊŜ ŦǳǊǘƘŜǊ ǘǊŜŀǘƳŜƴǘΣ ǾƛǘǊƛŦƛŜŘ 
ǊŀŘƛƻŀŎǘƛǾŜ ǿŀǎǘŜ Ƴǳǎǘ ōŜ ǇǊƻǇŜǊƭȅ ƘŀƴŘƭŜŘΣ ǎǘƻǊŜŘ ŀƴŘ ŘƛǎǇƻǎŜŘ 
ƻŦ ōŜŎŀǳǎŜ ǘƘŜ ǊŀŘƛƻŀŎǘƛǾƛǘȅ ƛǎ ƴƻǘ ŘŜǎǘǊƻȅŜŘΦ 5ŜǾƛŎŜǎ ǘƘŀǘ Ŏŀƴ ōŜ 
ǳǎŜŘ ŦƻǊ 9{± ƛƴŎƭǳŘŜ ƧƻǳƭŜπǇǊƻŎŜǎǎ ƘŜŀǘƛƴƎ ŦǳǊƴŀŎŜǎΣ ǇƭŀǎƳŀ 
ŦǳǊƴŀŎŜǎΣ ŜƭŜŎǘǊƛŎ ŀǊŎ ŦǳǊƴŀŎŜǎΣ ƳƛŎǊƻǿŀǾŜ ŦǳǊƴŀŎŜǎΣ ŀƴŘ ŎƻŀƭπΣ 
Ǝŀǎπ ƻǊ ƻƛƭπŦƛǊŜŘ ŎȅŎƭƻƴŜ ŦǳǊƴŀŎŜǎΦ 

aƛȄŜŘ ǿŀǎǘŜǎ ŎƻƴǘŀƛƴƛƴƎ ƘŀƭƻƎŜƴŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŀǊŜ ƴƻǘ ƎƻƻŘ 
ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ 9{± ōŜŎŀǳǎŜ ǘƘŜ ǊŜǎǳƭǘƛƴƎ Ǝƭŀǎǎ ǇǊƻŘǳŎǘ ƛǎ ǇƻǊƻǳǎ ŀƴŘ 
ƴƻǘ ŘǳǊŀōƭŜΦ  

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ŘǳŜ ǘƻ 
ƛƴŦŜǊƛƻǊ ǊŜǎǳƭǘǎ 
ǿƘŜƴ 
ƘŀƭƻƎŜƴŀǘŜŘ 
ŎƻƳǇƻǳƴŘǎ ŀǊŜ 
ǇǊŜǎŜƴǘ 

tƘȅǎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

!ƛǊ {ǘǊƛǇǇƛƴƎ !ƛǊ ǎǘǊƛǇǇƛƴƎ ƛǎ ŀ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎǎ ŀǊŜ 
ǇŀǊǘƛǘƛƻƴŜŘ ŦǊƻƳ ƎǊƻǳƴŘǿŀǘŜǊ ōȅ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎǳǊŦŀŎŜ 
ŀǊŜŀ ƻŦ ǘƘŜ ŎƻƴǘŀƳƛƴŀǘŜŘ ǿŀǘŜǊ ŜȄǇƻǎŜŘ ǘƻ ŀƛǊΦ ¢ȅǇŜǎ ƻŦ ŀŜǊŀǘƛƻƴ 
ƳŜǘƘƻŘǎ ƛƴŎƭǳŘŜ ǇŀŎƪŜŘ ǘƻǿŜǊǎΣ ŘƛŦŦǳǎŜŘ ŀŜǊŀǘƛƻƴΣ ǘǊŀȅ ŀŜǊŀǘƛƻƴΣ 
ŀƴŘ ǎǇǊŀȅ ŀŜǊŀǘƛƻƴΦ !ƛǊ ǎǘǊƛǇǇƛƴƎ ƛƴǾƻƭǾŜǎ ǘƘŜ Ƴŀǎǎ ǘǊŀƴǎŦŜǊ ƻŦ 
ǾƻƭŀǘƛƭŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ǿŀǘŜǊ ǘƻ ŀƛǊΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ {ƛƴŎŜ ŀƛǊ 
ǎǘǊƛǇǇƛƴƎ ƳŜǊŜƭȅ ǘǊŀƴǎŦŜǊǎ ±h/ǎ ŦǊƻƳ ƎǊƻǳƴŘǿŀǘŜǊ ǘƻ ŀƛǊ ŀƴŘ ŘƻŜǎ 
ƴƻǘ ŘŜǎǘǊƻȅ ǘƘŜ ±h/ǎΣ ŀƛǊ ŜƳƛǎǎƛƻƴ ŎƻƴǘǊƻƭ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳǎΣ 
ǎǳŎƘ ŀǎ ŀŎǘƛǾŀǘŜŘ ŎŀǊōƻƴ ǳƴƛǘǎΣ ŎŀǘŀƭȅǘƛŎ ƻȄƛŘƛȊŜǊǎΣ ƻǊ ǘƘŜǊƳŀƭ 
ƻȄƛŘƛȊŜǊǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǳǎŜŘ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ŀƛǊ ǎǘǊƛǇǇŜǊǎΦ 

t/9 wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

/ŀǊōƻƴ !ŘǎƻǊǇǘƛƻƴ [ƛǉǳƛŘ ǇƘŀǎŜ ŎŀǊōƻƴ ŀŘǎƻǊǇǘƛƻƴ ƛǎ ŀ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ 
ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ǇǳƳǇŜŘ ǘƘǊƻǳƎƘ ƻƴŜ ƻǊ ƳƻǊŜ ǾŜǎǎŜƭǎ ŎƻƴǘŀƛƴƛƴƎ 
ŀŎǘƛǾŀǘŜŘ ŎŀǊōƻƴ ǘƻ ǿƘƛŎƘ ŘƛǎǎƻƭǾŜŘ ƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎ ŀŘǎƻǊōΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƛƴƛƴƎ C¦{w!t /h/ǎ 
ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭΣ ǊŀŘƛƻƴǳŎƭƛŘŜǎ ŀƴŘ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

CƛƭǘǊŀǘƛƻƴ CƛƭǘǊŀǘƛƻƴ ƛǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǇǊƻŎŜǎǎ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǎŜǇŀǊŀǘƛƻƴ ōŀǎŜŘ 
ƻƴ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ǿƘŜǊŜōȅ ǇŀǊǘƛŎƭŜǎ ǎǳǎǇŜƴŘŜŘ ƛƴ ŀ ŦƭǳƛŘ ŀǊŜ 
ǎŜǇŀǊŀǘŜŘ ōȅ ŦƻǊŎƛƴƎ ǘƘŜ ŦƭǳƛŘ ǘƘǊƻǳƎƘ ŀ ǇƻǊƻǳǎ ƳŜŘƛǳƳΦ !ǎ ŦƭǳƛŘ 
ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜŘƛǳƳΣ ǘƘŜ ǎǳǎǇŜƴŘŜŘ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ǘǊŀǇǇŜŘ 
ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƳŜŘƛǳƳ ŀƴŘκƻǊ ǿƛǘƘƛƴ ǘƘŜ ōƻŘȅ ƻŦ ǘƘŜ 
ƳŜŘƛǳƳΦ CƛƭǘǊŀǘƛƻƴ ƛƴŎƭǳŘŜǎ ǳƭǘǊŀŦƛƭǘǊŀǘƛƻƴΣ ƳƛŎǊƻŦƛƭǘǊŀǘƛƻƴΣ 
ƴŀƴƻŦƛƭǘǊŀǘƛƻƴΣ ŀƴŘ ǊŜǾŜǊǎŜ ƻǎƳƻǎƛǎΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƛƴƛƴƎ C¦{w!t /h/ǎ 
ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭ ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ CƛƭǘǊŀǘƛƻƴ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ǇǊŜπ
ǘǊŜŀǘƳŜƴǘ ƻǊ ǇƻǎǘπǘǊŜŀǘƳŜƴǘ ǎǘŜǇ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ ŜȄπǎƛǘǳ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ƭƛƪŜ ŎŀǊōƻƴ ŀŘǎƻǊǇǘƛƻƴ ŀƴŘ ŎƘŜƳƛŎŀƭ 
ǇǊŜŎƛǇƛǘŀǘƛƻƴκŎƻŀƎǳƭŀǘƛƻƴΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

tǊŜŎƛǇƛǘŀǘƛƻƴκ 
/ƻŀƎǳƭŀǘƛƻƴκ 
CƭƻŎŎǳƭŀǘƛƻƴ 

tǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ ƳŜǘŀƭǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜƛǊ ǊŀŘƛƻŀŎǘƛǾŜ ƛǎƻǘƻǇŜǎ ƛǎ 
ƻŦǘŜƴ ǳǎŜŘ ŀǎ ŀ ǇǊŜǘǊŜŀǘƳŜƴǘ ŦƻǊ ƻǘƘŜǊ ǘǊŜŀǘƳŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ 
όǎǳŎƘ ŀǎ ŎƘŜƳƛŎŀƭ ƻȄƛŘŀǘƛƻƴ ƻǊ ŀƛǊ ǎǘǊƛǇǇƛƴƎύ ǿƘŜǊŜ ǘƘŜ ǇǊŜǎŜƴŎŜ 
ƻŦ ƳŜǘŀƭǎ ǿƻǳƭŘ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǘƘŜ ƻǘƘŜǊ ǘǊŜŀǘƳŜƴǘ ǇǊƻŎŜǎǎŜǎΦ Lƴ 
ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ŎƘŜƳƛŎŀƭ ǇǊŜŎƛǇƛǘŀƴǘǎΣ ŎƻŀƎǳƭŀƴǘǎΣ ŀƴŘ 
ŦƭƻŎŎǳƭŀǘƛƻƴ ŀǊŜ ǳǎŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ǘƘǊƻǳƎƘ 
ŀƎƎǊŜƎŀǘƛƻƴΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƛƴƛƴƎ C¦{w!t /h/ǎ 
ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭ ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 



¢ŀōƭŜ оπм Lƴƛǘƛŀƭ {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
 

tŀƎŜ с ƻŦ т 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!Ŏǘƛƻƴ 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ .ǊƛŜŦ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 

9Ȅπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

¦ƭǘǊŀǾƛƻƭŜǘ ό¦±ύ 
hȄƛŘŀǘƛƻƴ 

¦± ƻȄƛŘŀǘƛƻƴ ƛǎ ŀ ŘŜǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎ ǘƘŀǘ ƻȄƛŘƛȊŜǎ ƻǊƎŀƴƛŎ 
ŎƻƴǎǘƛǘǳŜƴǘǎ ƛƴ ǿŀǎǘŜǿŀǘŜǊ ōȅ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ǎǘǊƻƴƎ ƻȄƛŘƛȊŜǊǎ ŀƴŘ 
ƛǊǊŀŘƛŀǘƛƻƴ ǿƛǘƘ ¦± ƭƛƎƘǘΦ hȄƛŘŀǘƛƻƴ ƻŦ ǘŀǊƎŜǘ ŎƻƴǘŀƳƛƴŀƴǘǎ ƛǎ 
ŎŀǳǎŜŘ ōȅ ŘƛǊŜŎǘ ǊŜŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ƻȄƛŘƛȊŜǊǎΣ ¦± ǇƘƻǘƻƭȅǎƛǎΣ ŀƴŘ 
ǘƘǊƻǳƎƘ ǘƘŜ ǎȅƴŜǊƎƛǎǘƛŎ ŀŎǘƛƻƴ ƻŦ ¦± ƭƛƎƘǘΣ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ 
ƻȊƻƴŜ όhоύ ŀƴŘκƻǊ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜ όIнhнύΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ ¢ƘŜ Ƴŀƛƴ 
ŀŘǾŀƴǘŀƎŜ ƻŦ ¦± ƻȄƛŘŀǘƛƻƴ ƛǎ ǘƘŀǘ ƛǘ ƛǎ ŀ ŘŜǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎΣ ŀǎ 
ƻǇǇƻǎŜŘ ǘƻ ŀƛǊ ǎǘǊƛǇǇƛƴƎ ƻǊ ŎŀǊōƻƴ ŀŘǎƻǊǇǘƛƻƴΣ ŦƻǊ ǿƘƛŎƘ 
ŎƻƴǘŀƳƛƴŀƴǘǎ ŀǊŜ ŜȄǘǊŀŎǘŜŘ ŀƴŘ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŀ ǎŜǇŀǊŀǘŜ ǇƘŀǎŜΦ 

t/9 wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

Lƻƴ 9ȄŎƘŀƴƎŜ Lƻƴ ŜȄŎƘŀƴƎŜ ǊŜƳƻǾŜǎ ƛƻƴǎ ŦǊƻƳ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ōȅ ǘƘŜ 
ŜȄŎƘŀƴƎŜ ƻŦ Ŏŀǘƛƻƴǎ ƻǊ ŀƴƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŀƴŘ ǘƘŜ 
ŜȄŎƘŀƴƎŜ ƳŜŘƛǳƳΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƛƴƛƴƎ C¦{w!t /hǎ 
ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭ ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

.ƛƻƭƻƎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

.ƛƻǊŜŀŎǘƻǊǎ .ƛƻǊŜŀŎǘƻǊǎ ŘŜƎǊŀŘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ƛƴ ǿŀǘŜǊ ǿƛǘƘ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ 
ǘƘǊƻǳƎƘ ŀǘǘŀŎƘŜŘ ƻǊ ǎǳǎǇŜƴŘŜŘ ōƛƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎΦ !ŎǘƛǾŀǘŜŘ 
ǎƭǳŘƎŜΣ ŦƭǳƛŘƛȊŜŘ ōŜŘǎΣ ƻǊ ǎŜǉǳŜƴŎƛƴƎ ōŀǘŎƘ ǊŜŀŎǘƻǊǎ ŀǊŜ ǘȅǇŜǎ ƻŦ 
ǎǳǎǇŜƴŘŜŘ ƎǊƻǿǘƘ ǎȅǎǘŜƳǎΦ ¦Ǉ Ŧƭƻǿ ŦƛȄŜŘ ŦƛƭƳ ōƛƻǊŜŀŎǘƻǊǎΣ 
ǊƻǘŀǘƛƴƎ ōƛƻƭƻƎƛŎŀƭ ŎƻƴǘŀŎǘƻǊǎ όw./ǎύΣ ŀƴŘ ǘǊƛŎƪƭƛƴƎ ŦƛƭǘŜǊǎ ŀǊŜ ǘȅǇŜǎ 
ƻŦ ŀǘǘŀŎƘŜŘ ƎǊƻǿǘƘ ǎȅǎǘŜƳǎΦ  

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ  t/9 wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

¢ƘŜǊƳŀƭ 
¢ǊŜŀǘƳŜƴǘ 

{ǘŜŀƳ {ǘǊƛǇǇƛƴƎ {ǘŜŀƳ {ǘǊƛǇǇƛƴƎ ƛǎ ŀ ǇǊƻŎŜǎǎ ǎƛƳƛƭŀǊ ǘƻ ŀƛǊ ǎǘǊƛǇǇƛƴƎ ǿƘŜǊŜ ǘƘŜ ŀƛǊ 
ǇƘŀǎŜ Ƙŀǎ ōŜŜƴ ǊŜǇƭŀŎŜŘ ōȅ ǎǘŜŀƳΦ ¢ƘŜ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ 
ƻǇŜǊŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ŀ ƎǊŜŀǘŜǊ ǘǊŀƴǎŦŜǊ ƻŦ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ 
ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ǇƘŀǎŜ ǘƻ ŀ ǎǘŜŀƳ ŘƛǎǘƛƭƭŀǘŜ ǇƘŀǎŜ ǘƘŀǘ Ƴǳǎǘ ōŜ 
ŎƻƴŘŜƴǎŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ǎŜǇŀǊŀǘƛƻƴΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ  t/9 wŜǘŀƛƴŜŘ ŀǎ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ 
ŦƻƭƭƻǿƛƴƎ tϧ¢ 

DǊƻǳƴŘǿŀǘŜǊ 
5ƛǎŎƘŀǊƎŜ 

hƴπtǊƻǇŜǊǘȅ 
DǊƻǳƴŘǿŀǘŜǊ 
5ƛǎŎƘŀǊƎŜ 

wŜŎƘŀǊƎŜ .ŀǎƛƴ ¢ǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ŘƛǎŎƘŀǊƎŜŘ ǘƻ ŀ ǊŜŎƘŀǊƎŜ ōŀǎƛƴ ōǳƛƭǘ ƻƴ 
ǘƘŜ CƻǊƳŜǊ {ȅƭǾŀƴƛŀ ǇǊƻǇŜǊǘȅΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ǘǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ŀ 
ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜ ŀƴŘ ƛǎ ƴƻǘ ŜǾŀƭǳŀǘŜŘ ŀƎŀƛƴǎǘ ƻǘƘŜǊ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 

LƴƧŜŎǘƛƻƴ ²Ŝƭƭǎ ¢ǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ŘƛǎŎƘŀǊƎŜŘ ǘƻ ŀƴ ƛƴƧŜŎǘƛƻƴ ǿŜƭƭ ƻǊ ǎŜǊƛŜǎ ƻŦ 
ƛƴƧŜŎǘƛƻƴ ǿŜƭƭǎ ōǳƛƭǘ ƻƴ ǘƘŜ CƻǊƳŜǊ {ȅƭǾŀƴƛŀ ǇǊƻǇŜǊǘȅΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ǘǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ŀ 
ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜ ŀƴŘ ƛǎ ƴƻǘ ŜǾŀƭǳŀǘŜŘ ŀƎŀƛƴǎǘ ƻǘƘŜǊ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 

hŦŦπtǊƻǇŜǊǘȅ 
DǊƻǳƴŘǿŀǘŜǊ 
5ƛǎŎƘŀǊƎŜ 

{ǳǊŦŀŎŜ ²ŀǘŜǊ 
5ƛǎŎƘŀǊƎŜ 

¢ǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ŘƛǎŎƘŀǊƎŜŘ ǘƻ ŀƴ ƻŦŦπǇǊƻǇŜǊǘȅ ǎǘǊŜŀƳ ƻǊ 
ǇƻƴŘ 

bƻǘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ǎƛƴŎŜ ǘƘŜǊŜ ŀǊŜ ƴƻ 
ǎƛȊŀōƭŜ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ōƻŘƛŜǎ ƴŜŀǊ ǘƘŜ ǇǊƻǇŜǊǘȅ ǘƘŀǘ Ŏŀƴ ǊŜŎŜƛǾŜ 
ǘǊŜŀǘŜŘ ǿŀǘŜǊΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƴƻ ǎǳǊŦŀŎŜ 
ǿŀǘŜǊ ōƻŘƛŜǎ 
ƴŜŀǊōȅ 

wŜŎƘŀǊƎŜ .ŀǎƛƴ ¢ǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ŘƛǎŎƘŀǊƎŜŘ ǘƻ ŀƴ ŜȄƛǎǘƛƴƎ ƻŦŦπǇǊƻǇŜǊǘȅ 
ǊŜŎƘŀǊƎŜ ōŀǎƛƴΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ǘǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊΦ wƻǳǘƛƴƎ ƻŦ 
ǿŀǘŜǊ ǘƻ ŀƴ ƻŦŦπǇǊƻǇŜǊǘȅ ǊŜŎƘŀǊƎŜ ōŀǎƛƴ ƛǎ ƴƻǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜƭȅ 
ŦŜŀǎƛōƭŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ƻƴǎƛǘŜ 
ǊŜŎƘŀǊƎŜ ƛǎ ŀƴ 
ƻǇǘƛƻƴ  

5ƛǎŎƘŀǊƎŜ ǘƻ 
tǳōƭƛŎƭȅ hǿƴŜŘ 
¢ǊŜŀǘƳŜƴǘ ²ƻǊƪ 
όth¢²ύ 

¢ǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ŘƛǎŎƘŀǊƎŜŘ ǘƻ ŀ ƭƻŎŀƭ th¢²Φ ¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ǘǊŜŀǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ŀ 
ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜ ŀƴŘ ƛǎ ƴƻǘ ŜǾŀƭǳŀǘŜŘ ŀƎŀƛƴǎǘ ƻǘƘŜǊ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 

!ƛǊ 5ƛǎŎƘŀǊƎŜ !ǘƳƻǎǇƘŜǊƛŎ 
5ƛǎŎƘŀǊƎŜ 

!ƛǊ ±Ŝƴǘ ƻǊ !ƛǊ 
{ǘŀŎƪ  

±ŀǇƻǊπǇƘŀǎŜ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǎƻƛƭ ǊŜƳƻǾŀƭ ǎǘǊƛǇǇƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ 
ŘƛǎŎƘŀǊƎŜŘ ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ ¢ǊŜŀǘƳŜƴǘ Ƴŀȅ ōŜ ǊŜǉǳƛǊŜŘ ǇǊƛƻǊ 
ǘƻ ŘƛǎŎƘŀǊƎŜΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ ¢Ƙƛǎ ƛǎ ƴƻǘ 
ŀ ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜΣ ōǳǘ ƛǘ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ŀǎ ǇŀǊǘ ƻŦ 
ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ŀƛǊ ŘƛǎŎƘŀǊƎŜΦ  

t/9 wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 



¢ŀōƭŜ оπм Lƴƛǘƛŀƭ {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
 

tŀƎŜ т ƻŦ т 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!Ŏǘƛƻƴ 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ .ǊƛŜŦ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ¢ŜŎƘƴƛŎŀƭ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 

5ƛǎǇƻǎŀƭ hƴπǇǊƻǇŜǊǘȅ 
5ƛǎǇƻǎŀƭ 

[ŀƴŘ 9ƴŎŀǇǎǳƭŀǘƛƻƴ hƴπǇǊƻǇŜǊǘȅ ƭŀƴŘ ŜƴŎŀǇǎǳƭŀǘƛƻƴ ƛƴǾƻƭǾŜǎ ŜȄŎŀǾŀǘƛƴƎ ǘƘŜ C¦{w!t 
ǿŀǎǘŜ ŀƴŘ ƛƴǎǘŀƭƭƛƴƎ ŀ ƭƛƴŜǊ ƻǊ ƻǘƘŜǊ ƛƳǇŜǊƳŜŀōƭŜ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ 
ŜȄŎŀǾŀǘŜŘ ŀǊŜŀΦ wŀŘƛƻŀŎǘƛǾŜ ǿŀǎǘŜ ŀƴŘκƻǊ ǊŜǎƛŘǳŀƭǎ ǊŜǉǳƛǊƛƴƎ 
ŘƛǎǇƻǎŀƭ ŀǊŜ ǘƘŜƴ ǘǊŀƴǎǇƻǊǘŜŘ ŀƴŘ ōŀŎƪŦƛƭƭŜŘ ƛƴǘƻ ǘƘŜ ƭƛƴŜŘΣ 
ŜȄŎŀǾŀǘŜŘ ŀǊŜŀ ŀƴŘ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŎŀǇ ƛǎ ŀǇǇƭƛŜŘΦ ¢ƘŜ 
ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŀ ƭƛƴŜǊ ōŜƭƻǿ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ ǿŀǎǘŜ ƭŀǘŜǊŀƭƭȅ ǿƛǘƘ 
ŀ ŎŀǇ ŀŘŘŜŘ ǘƻ ǘƘŜ ǘƻǇ ŦƻǊƳǎ ŀ ŎƻƳǇƭŜǘŜ ŎƻƴǘŀƛƴƳŜƴǘ ǎȅǎǘŜƳΦ 

{ƻƛƭ ŜȄŎŀǾŀǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ нлло ŀƴŘ нллп ŀƴŘ ŀǘ ǘƘŀǘ ǘƛƳŜ 
ŎƻǳƭŘ ƴƻǘ Ǝƻ ŘŜŜǇŜǊ ŘǳŜ ǘƻ ŀƴ ŜȄŎŜŜŘŀƴŎŜ ƻŦ ŜȄŎŀǾŀǘƛƻƴ ŘŜǎƛƎƴ 
ƭƛƳƛǘǎΦ CǳǘǳǊŜ ƭŀƴŘ ǳǎŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ǇǊƻƘƛōƛǘ ƻƴπǇǊƻǇŜǊǘȅ ƭŀƴŘ 
ŜƴŎŀǇǎǳƭŀǘƛƻƴΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

bƻΣ ōŀǎŜŘ ƻƴ 
ŦǳǘǳǊŜ ƭŀƴŘ ǳǎŜ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ 

hŦŦπ{ƛǘŜ 5ƛǎǇƻǎŀƭ [ŀƴŘŦƛƭƭƛƴƎ ¢ƘŜ ŎƻƴǘŀƳƛƴŀǘŜŘ ǎƻƛƭǎ Ŏŀƴ ōŜ ǎŜǇŀǊŀǘŜŘ ƛƴǘƻ ƴƻƴπƘŀȊŀǊŘƻǳǎΣ 
ƘŀȊŀǊŘƻǳǎΣ ƳƛȄŜŘΣ ŀƴŘ ǊŀŘƛƻŀŎǘƛǾŜ ǿŀǎǘŜǎΦ bƻƴπƘŀȊŀǊŘƻǳǎ 
ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ŘƛǎǇƻǎŜŘ ƛƴ ƭƛŎŜƴǎŜŘ w/w! {ǳōǘƛǘƭŜ 5 ƭŀƴŘŦƛƭƭǎΣ 
ƘŀȊŀǊŘƻǳǎ ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ŘƛǎǇƻǎŜŘ ƛƴ ƭƛŎŜƴǎŜŘ w/w! {ǳōǘƛǘƭŜ / 
ƭŀƴŘŦƛƭƭǎΣ ŀƴŘ ƳƛȄŜŘ ǿŀǎǘŜǎ ŀƴŘ ǊŀŘƛƻŀŎǘƛǾŜ ǿŀǎǘŜǎ Ŏŀƴ ōŜ 
ŘƛǎǇƻǎŜŘ ƛƴ ƭƛŎŜƴǎŜŘ ŦŀŎƛƭƛǘƛŜǎ ŦƻǊ ǎǳŎƘ ǿŀǎǘŜǎΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ C¦{w!t /h/ǎ ƛƴŎƭǳŘƛƴƎ ƘŀƭƻƎŜƴŀǘŜŘ 
±h/ǎΣ ƴƛŎƪŜƭΣ ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ Lǘ ƛǎ ƴƻǘ ŀ ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜΣ 
ōǳǘ ƛǘ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ŀǎ ǇŀǊǘ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ŘƛǎǇƻǎŀƭΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
t/9 

wŜǘŀƛƴŜŘΣ ƴƻ 
ŦǳǊǘƘŜǊ 
ŜǾŀƭǳŀǘƛƻƴ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
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¢ŀōƭŜ оπн {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ŦƻǊ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

tŀƎŜ м ƻŦ р 
¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!ŎǘƛƻƴмΣнΣо 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 
9ŦŦŜŎǘƛǾŜƴŜǎǎ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ /ƻǎǘ 

/ƻƴǘŀƛƴƳŜƴǘ /ŀǇǇƛƴƎ {ƛƴƎƭŜ ƻǊ aǳƭǘƛπƭŀȅŜǊ /ŀǇ tƭŀŎŜƳŜƴǘ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ ŎƻǾŜǊ 
ƳŀǘŜǊƛŀƭǎ ƻƴ ŎƻƴǘŀƳƛƴŀǘŜŘ ŀǊŜŀǎ 
ǘƻ ǇǊŜǾŜƴǘ ŜȄǇƻǎǳǊŜ ǘƻ C¦{w!t 
/h/ǎ ŀƴŘ ǇǊŜǾŜƴǘκ ƳƛƴƛƳƛȊŜ 
ŦǳǊǘƘŜǊ ƳƛƎǊŀǘƛƻƴ ǘƘǊƻǳƎƘ 
ƛƴŦƛƭǘǊŀǘƛƻƴΦ 

9ŦŦŜŎǘƛǾŜ ƛƴ ǊŜŘǳŎƛƴƎ Ǌƛǎƪǎ ƻŦ 
ŘƛǊŜŎǘ ŎƻƴǘŀŎǘ ǿƛǘƘ C¦{w!t 
/h/ǎΦ LŦ ŘǊŀƛƴŀƎŜ ǎȅǎǘŜƳ 
ƛƴǘŜǊŦŜǊŜǎ ǿƛǘƘ ŜŦŦŜŎǘƛǾŜƴŜǎǎΣ ƛǘ 
ǿƻǳƭŘ ōŜ ǊŜƳƻǾŜŘκǊŜƭƻŎŀǘŜŘΦ 

9ŀǎƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ 
wŜǉǳƛǊŜǎ ŎƻƴǘƛƴǳŜŘ 
ǊŜǎǘǊƛŎǘƛƻƴǎ ǇƭŀŎŜŘ ƻƴ ŎǳǊǊŜƴǘ 
ŀƴŘ ŦǳǘǳǊŜ ǳǎŜ ƻŦ ǘƘŜ ŦƻǊƳŜǊ 
{ȅƭǾŀƴƛŀ ǇǊƻǇŜǊǘȅ ǘƻ ǇǊŜǾŜƴǘ 
ŜȄǇƻǎǳǊŜ ǘƻ C¦{w!t /h/ǎΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
ŎƻǎǘǎΣ ƳƻŘŜǊŀǘŜ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ 
ǘŜǘǊŀŎƘƭƻǊƻŜǘƘȅƭŜƴŜ 
όt/9ύ 

¸Ŝǎ 

wŜƳƻǾŀƭ 9ȄŎŀǾŀǘƛƻƴ 9ȄŎŀǾŀǘƛƻƴ 9ȄŎŀǾŀǘƛƻƴ ƻŦ ǎƻƛƭǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ 
ǳǎƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ ŜǉǳƛǇƳŜƴǘΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ǘƘŜ C¦{w!t /h/ǎΦ 
9ȄŎŀǾŀǘƛƻƴ ƛǎ ǳǘƛƭƛȊŜŘ ŀǘ Ƴŀƴȅ 
ǊŜƳŜŘƛŀƭ ǎƛǘŜǎΦ 

LƳǇƭŜƳŜƴǘŀōƭŜ ŦƻǊ ǎƘŀƭƭƻǿ 
ŀƴŘ ŘŜŜǇ ŎƻƴǘŀƳƛƴŀǘƛƻƴΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
ŎƻǎǘǎΣ ƴƻ ƳŀƛƴǘŜƴŀƴŎŜ 
ŎƻǎǘǎΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ t/9 ¸Ŝǎ 

9ȄǘǊŀŎǘƛƻƴ {ƻƛƭ ±ŀǇƻǊ 9ȄǘǊŀŎǘƛƻƴ ό{±9ύ {±9 ƛǎ ŀƴ ƛƴ ǎƛǘǳ ǾŀŘƻǎŜ ȊƻƴŜ ǎƻƛƭ 
ǊŜƳŜŘƛŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ 
ŀ ǾŀŎǳǳƳ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǎƻƛƭ ǘƻ 
ǊŜƳƻǾŜ ǾƻƭŀǘƛƭŜ ŀƴŘ ǎƻƳŜ ǎŜƳƛπ
ǾƻƭŀǘƛƭŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ǘƘŜ 
ǎƻƛƭΦ ¢ƘŜ ƻŦŦ Ǝŀǎ ƭŜŀǾƛƴƎ ǘƘŜ ǎƻƛƭ 
Ƴŀȅ ǊŜǉǳƛǊŜ ǘǊŜŀǘƳŜƴǘΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ 
ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ 
ό±h/ǎύΦ /ŀƴ ōŜ ǳǎŜŘ ŀǎ ǎǘŀƴŘ 
ŀƭƻƴŜ ƻǊ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ 
ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ aŀȅ 
ƘŀǾŜ ǘƻ ŎƻƴǎƛŘŜǊ ƛƴǘŜǊŦŜǊŜƴŎŜǎ 
ŦǊƻƳ ŜȄƛǎǘƛƴƎ ǎǳōǎǳǊŦŀŎŜ 
ǎǘǊǳŎǘǳǊŜǎ ƭƛƪŜ ŘǊŀƛƴŀƎŜ 
ǎȅǎǘŜƳΣ ōǳƛƭŘƛƴƎ ŦƻǳƴŘŀǘƛƻƴǎ 
ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
ŎƻǎǘǎΣ ƳƻŘŜǊŀǘŜ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 

t/9 ¸Ŝǎ 

DǊƻǳƴŘǿŀǘŜǊ 9ȄǘǊŀŎǘƛƻƴ 
tǳƳǇ ŀƴŘ ¢ǊŜŀǘ όtϧ¢ύ 

9ȄǘǊŀŎǘƛƻƴ ǿŜƭƭǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ 
ǳǎŜŘ ǘƻ ǇǳƳǇ ƎǊƻǳƴŘǿŀǘŜǊ ŦǊƻƳ 
ǾŜǊǘƛŎŀƭ ǿŜƭƭǎ ǎŎǊŜŜƴŜŘ ǿƛǘƘƛƴ ǘƘŜ 
ŎƻƴǘŀƳƛƴŀǘŜŘ ǇƻǊǘƛƻƴ ƻŦ ŀǉǳƛŦŜǊǎ 
ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ǿƛǘƘ ƴƛŎƪŜƭΣ 
ǊŀŘƛƻƴǳŎƭƛŘŜǎ ŀƴŘ ƘŀƭƻƎŜƴŀǘŜŘ 
ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ 
ό±h/ǎύΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ǘƘŜ C¦{w!t /h/ǎΦ 
9ȄǘǊŀŎǘƛƻƴ ²Ŝƭƭǎ ŀǊŜ ǳǘƛƭƛȊŜŘ ŦƻǊ 
ǇǳƳǇ ŀƴŘ ǘǊŜŀǘ ŀƭǘŜǊƴŀǘƛǾŜǎ ŀǘ 
Ƴŀƴȅ ǊŜƳŜŘƛŀƭ ǎƛǘŜǎΦ 

9ŀǎƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ 5ǳŜ ǘƻ 
ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǘȅǇŜ ŘƛǊŜŎǘ 
ŘƛǎŎƘŀǊƎŜ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǎƻ 
ǘƘƛǎ ƛǎ ƴƻǘ ŀ ǎǘŀƴŘπŀƭƻƴŜ 
ŀƭǘŜǊƴŀǘƛǾŜΣ ōǳǘ ƛǘ ǿƛƭƭ ōŜ 
ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǇŀǊǘ ƻŦ ŜȄ ǎƛǘǳ 
ǘǊŜŀǘƳŜƴǘ ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

[ƻǿ ŎŀǇƛǘŀƭ ŎƻǎǘΣ ƭƻǿ ǘƻ 
ƳƻŘŜǊŀǘŜ ƳŀƛƴǘŜƴŀƴŎŜ 
Ŏƻǎǘ ƛƴŎǳǊǊŜŘ ƻǾŜǊ ƭƻƴƎ 
ǘƛƳŜŦǊŀƳŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ t/9 ¸Ŝǎ  

Lƴπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

tƘȅǎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

{ƻƛƭ CƭǳǎƘƛƴƎ {ƻƛƭ ŦƭǳǎƘƛƴƎ ƛǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ 
ǇŀǎǎƛƴƎ ǿŀǘŜǊ ƻǊ ƻǘƘŜǊ ǎǳƛǘŀōƭŜ 
ŀǉǳŜƻǳǎ ǎƻƭǳǘƛƻƴǎ ǘƘǊƻǳƎƘ ƛƴπ
ǇƭŀŎŜ ǎƻƛƭǎ ǳǎƛƴƎ ŀƴ ƛƴƧŜŎǘƛƻƴ ƻǊ 
ƛƴŦƛƭǘǊŀǘƛƻƴ ǇǊƻŎŜǎǎΦ ¢ƘŜǎŜ 
ŜȄǘǊŀŎǘƛƻƴ ŦƭǳƛŘǎ Ƴǳǎǘ ōŜ 
ǊŜŎƻǾŜǊŜŘ ŦǊƻƳ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ 
ŀǉǳƛŦŜǊΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ C¦{w!t /h/ǎ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǳǎŜ ƻŦ ǎǳƛǘŀōƭŜ 
ŀǉǳŜƻǳǎ ǎƻƭǳǘƛƻƴǎΦ ¢ȅǇƛŎŀƭƭȅ 
ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

.ŜŎŀǳǎŜ ǘƘƛǎ ƛǎ ŀ ǘƻǇ Řƻǿƴ 
όǎǳǊŦŀŎŜ ǘƻ ƎǊƻǳƴŘǿŀǘŜǊύ 
ǘŜŎƘƴƻƭƻƎȅ ƛǘ ƛǎ ǎǳōƧŜŎǘ ǘƻ 
ǎƘƻǊǘπŎƛǊŎǳƛǘƛƴƎ ǿƘŜƴ ǳǎŜŘ ƛƴ 
ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ŜȄƛǎǘƛƴƎ 
ŘǊŀƛƴŀƎŜ ǎȅǎǘŜƳΦ .ƻǘǘƻƳ ǳǇ 
όƎǊƻǳƴŘǿŀǘŜǊ ǘƻ ǎǳǊŦŀŎŜύ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƛƭƭ ƘŀǾŜ ƭŜǎǎ 
ƛƴǘŜǊŦŜǊŜƴŎŜΦ 

aƻŘŜǊŀǘŜΦ bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ t/9 ¸ŜǎΣ ƛǘ Ƴŀȅ ōŜ 
ǳǎŜŘ ŀǎ ŀƴ 
ŜƴƘŀƴŎŜƳŜƴǘ ǘƻ 
ƎǊƻǳƴŘǿŀǘŜǊ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

Lƴπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

tƘȅǎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

!ƛǊ {ǇŀǊƎƛƴƎ ό!{ύ !ƛǊ ǎǇŀǊƎƛƴƎ ƛǎ ŀƴ ƛƴ ǎƛǘǳ 
ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ ŀƛǊ ƛǎ 
ƛƴƧŜŎǘŜŘ ǘƘǊƻǳƎƘ ŀ ŎƻƴǘŀƳƛƴŀǘŜŘ 
ŀǉǳƛŦŜǊΦ ¢Ƙƛǎ ƛƴƧŜŎǘŜŘ ŀƛǊ ƘŜƭǇǎ ǘƻ 
ǾƻƭŀǘƛƭƛȊŜ ǘƘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ǳǇ 
ƛƴǘƻ ǘƘŜ ǳƴǎŀǘǳǊŀǘŜŘ ȊƻƴŜΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ 
ƛƴ ǘƘŜ ǎƘŀƭƭƻǿ ǇƻǊǘƛƻƴ ƻŦ 
ŀǉǳƛŦŜǊΦ /ŀƴ ōŜ ǳǎŜŘ ŀǎ ǎǘŀƴŘ 
ŀƭƻƴŜ ƻǊ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ 
ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ aŀȅ 
ƘŀǾŜ ǘƻ ŎƻƴǎƛŘŜǊ ƛƴǘŜǊŦŜǊŜƴŎŜǎ 
ŦǊƻƳ ŜȄƛǎǘƛƴƎ ǎǳōǎǳǊŦŀŎŜ 
ǎǘǊǳŎǘǳǊŜǎ ƭƛƪŜ ŘǊŀƛƴŀƎŜ 
ǎȅǎǘŜƳ ŀƴŘ ōǳƛƭŘƛƴƎ 
ŦƻǳƴŘŀǘƛƻƴǎΦ !{ ŘƻŜǎ ƘŀǾŜ ǘƘŜ 
ǇƻǘŜƴǘƛŀƭ ǘƻ ǿƻǊǎŜƴ ǘƘŜ 
ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛŦ ƴƻǘ 
ƛƳǇƭŜƳŜƴǘŜŘ ŎƻǊǊŜŎǘƭȅΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
ŎƻǎǘǎΣ ƳƻŘŜǊŀǘŜ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 

t/9 ¸Ŝǎ 



¢ŀōƭŜ оπн {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ŦƻǊ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

tŀƎŜ н ƻŦ р 
¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!ŎǘƛƻƴмΣнΣо 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 
9ŦŦŜŎǘƛǾŜƴŜǎǎ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ /ƻǎǘ 

tƘȅǎƛŎŀƭκ/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

Lƴπǎƛǘǳ {ƻƭƛŘƛŦƛŎŀǘƛƻƴκ 
{ǘŀōƛƭƛȊŀǘƛƻƴ όL{κ{ύ 

L{κ{ ƛǎ ŀ ǇǊƻŎŜǎǎ ǿƘŜǊŜ 
ŎƻƴǘŀƳƛƴŀƴǘǎ ŀǊŜ ǇƘȅǎƛŎŀƭƭȅ 
ōƻǳƴŘ ƻǊ ŜƴŎƭƻǎŜŘ ǿƛǘƘƛƴ ŀ 
ǎǘŀōƛƭƛȊŜŘ Ƴŀǎǎ όǎƻƭƛŘƛŦƛŎŀǘƛƻƴύΣ ƻǊ 
ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ ŀǊŜ ƛƴŘǳŎŜŘ 
ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀōƛƭƛȊƛƴƎ ŀƎŜƴǘ 
ŀƴŘ ŎƻƴǘŀƳƛƴŀƴǘǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ 
Ƴƻōƛƭƛǘȅ όǎǘŀōƛƭƛȊŀǘƛƻƴύΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƴƛŎƪŜƭ ŀƴŘ 
ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ōǳǘ 
ŘŜǇǘƘ Ƴŀȅ ǇǊƻǾŜ ǇǊƻƘƛōƛǘƛǾŜΦ 
/ŜǊǘŀƛƴ ǊŜŀƎŜƴǘǎ Ƴŀȅ ƳƻōƛƭƛȊŜ 
t/9 ǿƛǘƘ ƘŜŀǘ ƻŦ ƘȅŘǊŀǘƛƻƴΦ 
hōǎŜǊǾŜŘ ǎŀƭƛƴƛǘȅ ǿƛƭƭ ŘŜŎǊŜŀǎŜ 
ƭƻƴƎŜǾƛǘȅ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΦ 

aƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 
ǎŜƭŜŎǘŜŘ ǎǘŀōƛƭƛȊƛƴƎ 
ŀƎŜƴǘ ŀƴŘ ƳŜǘƘƻŘ ƻŦ 
ƛƴǘǊƻŘǳŎǘƛƻƴΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ bƻΣ ŘǳŜ ǘƻ 
ƭƻƴƎŜǾƛǘȅ 
ŎƻƴŎŜǊƴǎ ƛƴ ƘƛƎƘ 
ǎŀƭƛƴƛǘȅ 
ŜƴǾƛǊƻƴƳŜƴǘǎΦ 

/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

Lƴ {ƛǘǳ /ƘŜƳƛŎŀƭ hȄƛŘŀǘƛƻƴ 
όL{/hύ 

L{/h ŎƘŜƳƛŎŀƭƭȅ ŎƻƴǾŜǊǘǎ 
ŎƻƴǘŀƳƛƴŀƴǘǎ ǘƻ ƭŜǎǎ ǘƻȄƛŎ 
ŎƻƳǇƻǳƴŘǎΦ hȄƛŘƛȊƛƴƎ ŀƎŜƴǘǎ 
Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ŀǊŜ ƻȊƻƴŜΣ 
ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜΣ ŀƴŘ 
ǇŜǊƳŀƴƎŀƴŀǘŜΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 
/ŀƴ ōŜ ǳǎŜŘ ŀǎ ǎǘŀƴŘ ŀƭƻƴŜ ƻǊ 
ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ L{/w ƛǎ ǇǊŜŦŜǊǊŜŘ 
ƻǾŜǊ L{/hΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ōǳǘ 
ŘŜǇǘƘ Ƴŀȅ ǇǊƻǾŜ ǇǊƻƘƛōƛǘƛǾŜΦ 
/ŀƴ ǇƻǘŜƴǘƛŀƭƭȅ ƳƻōƛƭƛȊŜ 
ǳǊŀƴƛǳƳΦ bƻǘ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ 
ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳ ǊŜƳŜŘƛŀƭ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

aƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 
ǎŜƭŜŎǘŜŘ ƻȄƛŘŀƴǘΦ 

t/9 bƻΣ ŘǳŜ ǘƻ 
ƛƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ 
ōŀǎŜŘ ƻƴ ŘŜǇǘƘ 
ƻŦ ƛƴƧŜŎǘƛƻƴǎΦ 

Lƴ {ƛǘǳ /ƘŜƳƛŎŀƭ 
wŜŘǳŎǘƛƻƴ όL{/wύ 

L{/w ƛǎ ŀ ǇǊƻŎŜǎǎ ǘƘŀǘ ƳŀƪŜǎ ǳǎŜ 
ƻŦ ǎǘǊƻƴƎ ŎƘŜƳƛŎŀƭ ǊŜŘǳŎƛƴƎ 
ŀƎŜƴǘǎ ƭƛƪŜ ƳƛŎǊƻǎŎŀƭŜ ƻǊ 
ƴŀƴƻǎŎŀƭŜ ȊŜǊƻπǾŀƭŜƴǘ ƛǊƻƴ ǘƻ 
ǘǊŜŀǘ ŎƘƭƻǊƛƴŀǘŜŘ ƻǊƎŀƴƛŎ 
ŎƻƳǇƻǳƴŘǎ ƛƴ ƎǊƻǳƴŘǿŀǘŜǊΦ  

tǊƻǾŜƴ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ 
ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ŀƴŘ ƴƛŎƪŜƭΦ 
/ŀƴ ōŜ ǳǎŜŘ ŀǎ ǎǘŀƴŘ ŀƭƻƴŜ ƻǊ 
ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

¢ŜŎƘƴƛŎŀƭƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ōǳǘ 
ŘŜǇǘƘ Ƴŀȅ ǇǊƻǾŜ ǇǊƻƘƛōƛǘƛǾŜΦ 
²ƛƭƭ ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ 
ǘǊŜŀǘƳŜƴǘ ǎǘŜǇ ŦƻǊ ǳǊŀƴƛǳƳΦ 
bƻǘ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǳǊŀƴƛǳƳ 
ǊŜƳŜŘƛŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

IƛƎƘ Ŏƻǎǘ ŘǳŜ ǘƻ 
ƛƴŎǊŜŀǎŜŘ ǊŜŀƎŜƴǘ ǳǎŜ ƛƴ 
ŀŜǊƻōƛŎ ŀǉǳƛŦŜǊΣ ƘƛƎƘ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘΦ 

bƛŎƪŜƭΣ t/9 bƻΣ ŘǳŜ ǘƻ 
ƛƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ 
ōŀǎŜŘ ƻƴ ŘŜǇǘƘ 
ƻŦ ƛƴƧŜŎǘƛƻƴǎΦ 

.ƛƻƭƻƎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

.ƛƻǾŜƴǘƛƴƎ .ƛƻǾŜƴǘƛƴƎ ǎǘƛƳǳƭŀǘŜǎ ƴŀǘǳǊŀƭ ƛƴ 
ǎƛǘǳ ōƛƻŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ŀŜǊƻōƛŎŀƭƭȅ 
ŘŜƎǊŀŘŀōƭŜ ŎƻƳǇƻǳƴŘǎ ƛƴ ǎƻƛƭ ōȅ 
ǇǊƻǾƛŘƛƴƎ ƻȄȅƎŜƴ ǘƻ ŜȄƛǎǘƛƴƎ ǎƻƛƭ 
ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ǊŜƳŜŘƛŀǘƛƴƎ 
ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎ ȅŜǘ 
ǎǳōǎǳǊŦŀŎŜ ƛǎ ŀƭǊŜŀŘȅ ƻȄƛŘƛȊŜŘ 
ŀƴŘ ƴƻ ŘŜƎǊŀŘŀǘƛƻƴ Ƙŀǎ ōŜŜƴ 
ŘƻŎǳƳŜƴǘŜŘΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ 
.ƛƻǾŜƴǘƛƴƎ Ƴŀȅ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ 
ǎǳōǎǳǊŦŀŎŜ ŘǊŀƛƴŀƎŜ ǎȅǎǘŜƳǎΣ 
ōǳƛƭŘƛƴƎ ŦƻǳƴŘŀǘƛƻƴǎΣ ŀƴŘ 
ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
ŎƻǎǘǎΣ ƳƻŘŜǊŀǘŜ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 

t/9 bƻΣ ŘǳŜ ǘƻ 
ŜŦŦŜŎǘƛǾŜƴŜǎǎΤ 
ŜȄƛǎǘƛƴƎ ŀŜǊƻōƛŎ 
ŎƻƴŘƛǘƛƻƴǎ ƘŀǾŜ 
ƴƻǘ ǊŜǎǳƭǘŜŘ ƛƴ 
ŘŜƎǊŀŘŀǘƛƻƴΦ 

9ƴƘŀƴŎŜŘ .ƛƻǊŜƳŜŘƛŀǘƛƻƴ .ƛƻǊŜƳŜŘƛŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ 
ŘŜǎǘǊǳŎǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŘƛǊŜŎǘŜŘ 
ǘƻǿŀǊŘ ǎǘƛƳǳƭŀǘƛƴƎ ǘƘŜ 
ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ǘƻ ƎǊƻǿ ŀƴŘ ǳǎŜ 
ǘƘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŀǎ ŀ ŦƻƻŘ ŀƴŘ 
ŜƴŜǊƎȅ ǎƻǳǊŎŜ ōȅ ŎǊŜŀǘƛƴƎ ŀ 
ŦŀǾƻǊŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ǘƘŜ 
ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 
/ŀƴ ōŜ ǳǎŜŘ ŀǎ ǎǘŀƴŘ ŀƭƻƴŜ ƻǊ 
ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

¢Ƙƛǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǎǳōƧŜŎǘ ǘƻ 
ǎƘƻǊǘπŎƛǊŎǳƛǘƛƴƎ ǿƘŜƴ ǳǎŜŘ ƛƴ 
ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ŜȄƛǎǘƛƴƎ 
ŘǊŀƛƴŀƎŜ ǎȅǎǘŜƳΦ ¢ƘŜ 
ǎǳōǎǳǊŦŀŎŜ ǿƛƭƭ ƴŜŜŘ ǘƻ ōŜ 
ŘǊƛǾŜƴ ŀƴŀŜǊƻōƛŎ ŀƴŘ 
ƳŀƛƴǘŀƛƴŜŘ ǘƘŜǊŜ ǘƻ ōŜ 
ŜŦŦŜŎǘƛǾŜΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
ŎƻǎǘǎΣ ƳƻŘŜǊŀǘŜ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 

bƛŎƪŜƭΣ t/9 bƻΣ ŘǳŜ ǘƻ 
ŜŦŦŜŎǘƛǾŜƴŜǎǎΤ 
ōŀǎŜŘ ƻƴ 
ƛƴŀōƛƭƛǘȅ ǘƻ 
Ƴŀƛƴǘŀƛƴ 
ŀƴŀŜǊƻōƛŎ 
ŎƻƴŘƛǘƛƻƴǎ ƻǾŜǊ 
ǘƛƳŜΦ 



¢ŀōƭŜ оπн {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ŦƻǊ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

tŀƎŜ о ƻŦ р 
¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!ŎǘƛƻƴмΣнΣо 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 
9ŦŦŜŎǘƛǾŜƴŜǎǎ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ /ƻǎǘ 

Lƴπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

¢ƘŜǊƳŀƭ 
¢ǊŜŀǘƳŜƴǘ 

¢ƘŜǊƳŀƭ 5ŜǎƻǊǇǘƛƻƴ Lƴπǎƛǘǳ ǘƘŜǊƳŀƭ ŘŜǎƻǊǇǘƛƻƴ ƛǎ 
ǘƘŜǊƳŀƭ ǘǊŜŀǘƳŜƴǘ ǇǊƻŎŜǎǎ 
ŘŜǎƛƎƴŜŘ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ 
ǾƻƭŀǘƛƭƛȊŀǘƛƻƴ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ 
ŎŀǇǘǳǊŜ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾƻƭŀǘƛƭŜ 
ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ IŜŀǘƛƴƎ Ŏŀƴ 
ōŜ ŀŎƘƛŜǾŜŘ Ǿƛŀ ǎŜǾŜǊŀƭ ƻǇǘƛƻƴǎΣ 
ƛƴŎƭǳŘƛƴƎ ŜƭŜŎǘǊƛŎŀƭπǊŜǎƛǎǘŀƴŎŜ 
ƘŜŀǘƛƴƎ όƛΦŜΦΣ ǇŀǎǎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ 
ǘƘǊƻǳƎƘ ǎƻƛƭ Ǿƛŀ ŜƭŜŎǘǊƻŘŜǎύΣ Ƙƻǘ 
ŀƛǊΣ ǿŀǘŜǊ ƻǊ ǎǘŜŀƳ ƛƴƧŜŎǘƛƻƴΣ ŀƴŘ 
ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛƻƴ όǾƛŀ ŜƭŜŎǘǊƛŎŀƭ 
ƘŜŀǘŜǊǎύΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ C¦{w!t 
ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ /ŀƴ ōŜ ǳǎŜŘ 
ŀǎ ǎǘŀƴŘ ŀƭƻƴŜ ƻǊ ƛƴ 
ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

LƳǇƭŜƳŜƴǘŀōƭŜ ǿƛǘƘ ƳƻŘŜǊŀǘŜ 
ŘƛŦŦƛŎǳƭǘȅ ŘǳŜ ǘƻ ƛƴǘŜǊŦŜǊŜƴŎŜǎ 
ŦǊƻƳ ŜȄƛǎǘƛƴƎ ǎǳōǎǳǊŦŀŎŜ 
ǎǘǊǳŎǘǳǊŜǎ ƭƛƪŜ ŘǊŀƛƴŀƎŜ 
ǎȅǎǘŜƳΣ ōǳƛƭŘƛƴƎ ŦƻǳƴŘŀǘƛƻƴǎ 
ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎΦ ¢ƘŜ 
нлнн Ǉƛƭƻǘ ǎǘǳŘȅ ǎƘƻǿŜŘ 
ƭƛƳƛǘŜŘ ŜŦŦŜŎǘ ŦǊƻƳ ǳǘƛƭƛȊƛƴƎ 
Ƙƻǘ ŀƛǊ ƛƴƧŜŎǘƛƻƴΦ 

[ƻǿ ŎŀǇƛǘŀƭ ŎƻǎǘǎΣ 
ƳƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘǎ ŦƻǊ 
Ƙƻǘ ŀƛǊ ƻǊ ǎǘŜŀƳ 
ƛƴƧŜŎǘƛƻƴΦ 
 
IƛƎƘ ŎŀǇƛǘŀƭΣ ƻǇŜǊŀǘƛƻƴΣ 
ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘǎ 
ŦƻǊ ŜƭŜŎǘǊƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ 
ƘŜŀǘƛƴƎΦ 

t/9 bƻΣ ǘƘƛǎ 
ǘŜŎƘƴƻƭƻƎȅ ŎƻǳƭŘ 
ōŜ ǳǎŜŘ ŀǎ ŀƴ 
ŜƴƘŀƴŎŜƳŜƴǘ ŦƻǊ 
ǘŀǊƎŜǘƛƴƎ ǘƘŜ ǎƛƭǘ 
ƭŀȅŜǊ ōǳǘ ƴƻǘ 
ŎƻƴǎƛŘŜǊŜŘ 
ƴŜŎŜǎǎŀǊȅ ŘǳŜ ǘƻ 
ǘƘŜ ǎƛƭǘ ƭŀȅŜǊ 
ōŜƛƴƎ ǘƘƛƴΦ  

9Ȅπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

tƘȅǎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

!ƛǊ {ǘǊƛǇǇƛƴƎ !ƛǊ ǎǘǊƛǇǇƛƴƎ ƛǎ ŀ ǘŜŎƘƴƻƭƻƎȅ ƛƴ 
ǿƘƛŎƘ ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎǎ ŀǊŜ 
ǇŀǊǘƛǘƛƻƴŜŘ ŦǊƻƳ ƎǊƻǳƴŘ ǿŀǘŜǊ 
ōȅ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎǳǊŦŀŎŜ 
ŀǊŜŀ ƻŦ ǘƘŜ ŎƻƴǘŀƳƛƴŀǘŜŘ ǿŀǘŜǊ 
ŜȄǇƻǎŜŘ ǘƻ ŀƛǊΦ ¢ȅǇŜǎ ƻŦ ŀŜǊŀǘƛƻƴ 
ƳŜǘƘƻŘǎ ƛƴŎƭǳŘŜ ǇŀŎƪŜŘ ǘƻǿŜǊǎΣ 
ŘƛŦŦǳǎŜŘ ŀŜǊŀǘƛƻƴΣ ǘǊŀȅ ŀŜǊŀǘƛƻƴΣ 
ŀƴŘ ǎǇǊŀȅ ŀŜǊŀǘƛƻƴΦ !ƛǊ ǎǘǊƛǇǇƛƴƎ 
ƛƴǾƻƭǾŜǎ ǘƘŜ Ƴŀǎǎ ǘǊŀƴǎŦŜǊ ƻŦ 
ǾƻƭŀǘƛƭŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ǿŀǘŜǊ 
ǘƻ ŀƛǊΦ  

±ŜǊȅ ŜŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ 
±h/ǎΦ ¦ǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ 
ǿƛǘƘ ŜȄǘǊŀŎǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳΦ 

aƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ŎŀǇƛǘŀƭ ŎƻǎǘΦ aƻŘŜǊŀǘŜ 
ǘƻ ƘƛƎƘ ƳŀƛƴǘŜƴŀƴŎŜ 
ŎƻǎǘǎΦ 5ŜǇŜƴŘǎ ƻƴ ǘȅǇŜ 
ƻŦ ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ǊŀǘŜΦ 

t/9 wŜǘŀƛƴŜŘ ŀǎ ŀ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴ 
ŦƻƭƭƻǿƛƴƎ 
ŜȄǘǊŀŎǘƛƻƴΦ 

/ŀǊōƻƴ !ŘǎƻǊǇǘƛƻƴ [ƛǉǳƛŘ ǇƘŀǎŜ ŎŀǊōƻƴ ŀŘǎƻǊǇǘƛƻƴ ƛǎ 
ŀ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǿƘƛŎƘ ƎǊƻǳƴŘ 
ǿŀǘŜǊ ƛǎ ǇǳƳǇŜŘ ǘƘǊƻǳƎƘ ƻƴŜ ƻǊ 
ƳƻǊŜ ǾŜǎǎŜƭǎ ŎƻƴǘŀƛƴƛƴƎ 
ŀŎǘƛǾŀǘŜŘ ŎŀǊōƻƴ ǘƻ ǿƘƛŎƘ 
ŘƛǎǎƻƭǾŜŘ ƻǊƎŀƴƛŎ ŎƻƴǘŀƳƛƴŀƴǘǎ 
ŀŘǎƻǊōΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ C¦{w!t 
ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ /ŀƴ ōŜ ǳǎŜŘ 
ŀǎ ǇǊƛƳŀǊȅ ǘǊŜŀǘƳŜƴǘ ƻǊ 
ǇƻƭƛǎƘƛƴƎ ǘǊŜŀǘƳŜƴǘ ǎǘŜǇΦ /ŀƴ 
ōŜ ǳǎŜŘ ŀǎ ǎǘŀƴŘ ŀƭƻƴŜ ƻǊ ƛƴ 
ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳΦ 

aƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ŎŀǇƛǘŀƭ ŎƻǎǘΦ [ƻǿ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 
5ŜǇŜƴŘǎ ƻƴ ǘȅǇŜ ƻŦ 
ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ǊŀǘŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳΣ t/9 wŜǘŀƛƴŜŘ ŀǎ ŀ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴ 
ŦƻƭƭƻǿƛƴƎ 
ŜȄǘǊŀŎǘƛƻƴΦ 

CƛƭǘǊŀǘƛƻƴ CƛƭǘǊŀǘƛƻƴ ƛǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǇǊƻŎŜǎǎ 
ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǎŜǇŀǊŀǘƛƻƴ ōŀǎŜŘ 
ƻƴ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ǿƘŜǊŜōȅ ǇŀǊǘƛŎƭŜǎ 
ǎǳǎǇŜƴŘŜŘ ƛƴ ŀ ŦƭǳƛŘ ŀǊŜ 
ǎŜǇŀǊŀǘŜŘ ōȅ ŦƻǊŎƛƴƎ ǘƘŜ ŦƭǳƛŘ 
ǘƘǊƻǳƎƘ ŀ ǇƻǊƻǳǎ ƳŜŘƛǳƳΦ !ǎ 
ŦƭǳƛŘ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜŘƛǳƳΣ 
ǘƘŜ ǎǳǎǇŜƴŘŜŘ ǇŀǊǘƛŎƭŜǎ ŀǊŜ 
ǘǊŀǇǇŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 
ƳŜŘƛǳƳ ŀƴŘκƻǊ ǿƛǘƘƛƴ ǘƘŜ ōƻŘȅ 
ƻŦ ǘƘŜ ƳŜŘƛǳƳΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ ǊŜƳƻǾŀƭ ƻŦ 
C¦{w!t ƴƛŎƪŜƭ ŀƴŘ 
ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ ¢ȅǇƛŎŀƭƭȅ ǳǎŜŘ ŀǎ 
ŀ ǇǊŜπǘǊŜŀǘƳŜƴǘ ǎǘŜǇ ŦƻǊ ŎŀǊōƻƴ 
ŀŘǎƻǊǇǘƛƻƴ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ 
ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŀǎ ǇŀǊǘ 
ƻŦ ǘǊŜŀǘƳŜƴǘ ǘǊŀƛƴΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ t/9Φ aŀȅ ŀƭǎƻ ǊŜǉǳƛǊŜ 
ōŀŎƪǿŀǎƘƛƴƎ ƻǊ ŘƛǎǇƻǎŀƭ ƻŦ 
ǎǇŜƴǘ ƳŜŘƛŀ ŘŜǇŜƴŘƛƴƎ ƻƴ 
ǘȅǇŜ ƻŦ ŦƛƭǘŜǊΦ 

[ƻǿ ǘƻ ƘƛƎƘ ŎŀǇƛǘŀƭ ŎƻǎǘΣ 
ƭƻǿ ǘƻ ƘƛƎƘ 
ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǘȅǇŜ ƻŦ 
ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ŦǊŜǉǳŜƴŎȅ ƻŦ ŦƛƭǘŜǊ 
ƳŜŘƛŀ ǊŜǇƭŀŎŜƳŜƴǘΦ  

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ wŜǾŜǊǎŜ ƻǎƳƻǎƛǎ 
Ƙŀǎ ōŜŜƴ 
ǊŜǘŀƛƴŜŘ ŀǎ ŀ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴ 
ŦƻƭƭƻǿƛƴƎ 
ŜȄǘǊŀŎǘƛƻƴΦ 



¢ŀōƭŜ оπн {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ŦƻǊ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

tŀƎŜ п ƻŦ р 
¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!ŎǘƛƻƴмΣнΣо 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 
9ŦŦŜŎǘƛǾŜƴŜǎǎ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ /ƻǎǘ 

9Ȅπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

/ƘŜƳƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

tǊŜŎƛǇƛǘŀǘƛƻƴκ/ƻŀƎǳƭŀǘƛƻƴκ 
CƭƻŎŎǳƭŀǘƛƻƴ 

tǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ ƳŜǘŀƭǎΣ ƛƴŎƭǳŘƛƴƎ 
ǘƘŜƛǊ ǊŀŘƛƻŀŎǘƛǾŜ ƛǎƻǘƻǇŜǎ ƛǎ ƻŦǘŜƴ 
ǳǎŜŘ ŀǎ ŀ ǇǊŜǘǊŜŀǘƳŜƴǘ ŦƻǊ ƻǘƘŜǊ 
ǘǊŜŀǘƳŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ όǎǳŎƘ ŀǎ 
ŎƘŜƳƛŎŀƭ ƻȄƛŘŀǘƛƻƴ ƻǊ ŀƛǊ 
ǎǘǊƛǇǇƛƴƎύ ǿƘŜǊŜ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 
ƳŜǘŀƭǎ ǿƻǳƭŘ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǘƘŜ 
ƻǘƘŜǊ ǘǊŜŀǘƳŜƴǘ ǇǊƻŎŜǎǎŜǎΦ Lƴ ǘƘŜ 
ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ŎƘŜƳƛŎŀƭ 
ǇǊŜŎƛǇƛǘŀƴǘǎΣ ŎƻŀƎǳƭŀƴǘǎΣ ŀƴŘ 
ŦƭƻŎŎǳƭŀǘƛƻƴ ŀǊŜ ǳǎŜŘ ǘƻ ƛƴŎǊŜŀǎŜ 
ǇŀǊǘƛŎƭŜ ǎƛȊŜ ǘƘǊƻǳƎƘ ŀƎƎǊŜƎŀǘƛƻƴΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ ǊŜƳƻǾŀƭ ƻŦ 
C¦{w!t /ht/ǎ ƛƴŎƭǳŘƛƴƎ ƴƛŎƪŜƭ 
ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ ¢ȅǇƛŎŀƭƭȅ 
ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŀǎ ǇŀǊǘ 
ƻŦ ǘǊŜŀǘƳŜƴǘ ǘǊŀƛƴΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ t/9Φ ²ƛƭƭ ǊŜǉǳƛǊŜ 
ŘƛǎǇƻǎŀƭ ƻŦ ǎŜǘǘƭŜŘ ǎƭǳŘƎŜΦ 

[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŎŀǇƛǘŀƭ 
Ŏƻǎǘǎ ŀƴŘ ƭƻǿ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 
5ŜǇŜƴŘǎ ƻƴ ǘȅǇŜ ƻŦ 
ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ǊŀǘŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ wŜǘŀƛƴŜŘ ŀǎ ŀ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴ 
ŦƻƭƭƻǿƛƴƎ 
ŜȄǘǊŀŎǘƛƻƴΦ 

¦± hȄƛŘŀǘƛƻƴ ¦± ƻȄƛŘŀǘƛƻƴ ƛǎ ŀ ŘŜǎǘǊǳŎǘƛƻƴ 
ǇǊƻŎŜǎǎ ǘƘŀǘ ƻȄƛŘƛȊŜǎ ƻǊƎŀƴƛŎ 
ŎƻƴǎǘƛǘǳŜƴǘǎ ƛƴ ǿŀǎǘŜǿŀǘŜǊ ōȅ 
ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ǎǘǊƻƴƎ ƻȄƛŘƛȊŜǊǎ 
ŀƴŘ ƛǊǊŀŘƛŀǘƛƻƴ ǿƛǘƘ ¦± ƭƛƎƘǘΦ 
hȄƛŘŀǘƛƻƴ ƻŦ ǘŀǊƎŜǘ ŎƻƴǘŀƳƛƴŀƴǘǎ 
ƛǎ ŎŀǳǎŜŘ ōȅ ŘƛǊŜŎǘ ǊŜŀŎǘƛƻƴ ǿƛǘƘ 
ǘƘŜ ƻȄƛŘƛȊŜǊǎΣ ¦± ǇƘƻǘƻƭȅǎƛǎΣ ŀƴŘ 
ǘƘǊƻǳƎƘ ǘƘŜ ǎȅƴŜǊƎƛǎǘƛŎ ŀŎǘƛƻƴ ƻŦ 
¦± ƭƛƎƘǘΣ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ 
ƻȊƻƴŜ όhоύ ŀƴŘκƻǊ ƘȅŘǊƻƎŜƴ 
ǇŜǊƻȄƛŘŜ όIнhнύΦ  

9ŦŦŜŎǘƛǾŜ ŦƻǊ C¦{w!t 
ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ ¢ȅǇƛŎŀƭƭȅ 
ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳΦ 

aƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŀƴŘ 
ƳƻŘŜǊŀǘŜ ƳŀƛƴǘŜƴŀƴŎŜ 
ŎƻǎǘǎΦ 5ŜǇŜƴŘǎ ƻƴ ǘȅǇŜ 
ƻŦ ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ǊŀǘŜΦ 

t/9 wŜǘŀƛƴŜŘ ŀǎ ŀ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴ 
ŦƻƭƭƻǿƛƴƎ 
ŜȄǘǊŀŎǘƛƻƴΦ 

Lƻƴ 9ȄŎƘŀƴƎŜ Lƻƴ ŜȄŎƘŀƴƎŜ ǊŜƳƻǾŜǎ ƛƻƴǎ ŦǊƻƳ 
ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ōȅ ǘƘŜ 
ŜȄŎƘŀƴƎŜ ƻŦ Ŏŀǘƛƻƴǎ ƻǊ ŀƴƛƻƴǎ 
ōŜǘǿŜŜƴ ǘƘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŀƴŘ 
ǘƘŜ ŜȄŎƘŀƴƎŜ ƳŜŘƛǳƳΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ǊŜƳƻǾŀƭ ƻŦ ƴƛŎƪŜƭ 
ŀƴŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΦ ¢ȅǇƛŎŀƭƭȅ 
ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜ ŀǎ ǇŀǊǘ 
ƻŦ ǘǊŜŀǘƳŜƴǘ ǘǊŀƛƴΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ t/9Φ ²ƛƭƭ ǊŜǉǳƛǊŜ 
ǊŜƎŜƴŜǊŀǘƛƻƴ ƻǊ ŘƛǎǇƻǎŀƭ ƻŦ 
ǎǇŜƴǘ ƛƻƴ ŜȄŎƘŀƴƎŜ ǊŜǎƛƴΦ 

aƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ 
ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŀƴŘ 
ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΦ 
5ŜǇŜƴŘǎ ƻƴ ǘȅǇŜ ƻŦ 
ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ǊŀǘŜΦ 

bƛŎƪŜƭΣ ǳǊŀƴƛǳƳ wŜǘŀƛƴŜŘ ŀǎ ŀ 
ǇƻǘŜƴǘƛŀƭ 
ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴ 
ŦƻƭƭƻǿƛƴƎ 
ŜȄǘǊŀŎǘƛƻƴΦ 

.ƛƻƭƻƎƛŎŀƭ 
¢ǊŜŀǘƳŜƴǘ 

.ƛƻǊŜŀŎǘƻǊǎ .ƛƻǊŜŀŎǘƻǊǎ ŘŜƎǊŀŘŜ 
ŎƻƴǘŀƳƛƴŀƴǘǎ ƛƴ ǿŀǘŜǊ ǿƛǘƘ 
ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ǘƘǊƻǳƎƘ 
ŀǘǘŀŎƘŜŘ ƻǊ ǎǳǎǇŜƴŘŜŘ ōƛƻƭƻƎƛŎŀƭ 
ǎȅǎǘŜƳǎΦ !ŎǘƛǾŀǘŜŘ ǎƭǳŘƎŜΣ 
ŦƭǳƛŘƛȊŜŘ ōŜŘǎΣ ƻǊ ǎŜǉǳŜƴŎƛƴƎ 
ōŀǘŎƘ ǊŜŀŎǘƻǊǎ ŀǊŜ ǘȅǇŜǎ ƻŦ 
ǎǳǎǇŜƴŘŜŘ ƎǊƻǿǘƘ ǎȅǎǘŜƳǎΦ 
¦ǇŦƭƻǿ ŦƛȄŜŘ ŦƛƭƳ ōƛƻǊŜŀŎǘƻǊǎΣ 
ǊƻǘŀǘƛƴƎ ōƛƻƭƻƎƛŎŀƭ ŎƻƴǘŀŎǘƻǊǎ 
όw./ǎύΣ ŀƴŘ ǘǊƛŎƪƭƛƴƎ ŦƛƭǘŜǊǎ ŀǊŜ 
ǘȅǇŜǎ ƻŦ ŀǘǘŀŎƘŜŘ ƎǊƻǿǘƘ 
ǎȅǎǘŜƳǎΦ  
 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 
¢ȅǇƛŎŀƭƭȅ ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ 
ǿƛǘƘ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳΦ 

IƛƎƘŜǊ ǘƘŀƴ ƻǘƘŜǊ 
ŀǾŀƛƭŀōƭŜ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴǎ ǘƘŀǘ ŀǊŜ Ŝǉǳŀƭƭȅ 
ŜŦŦŜŎǘƛǾŜΦ 

t/9 bƻΣ ŘǳŜ ǘƻ Ŏƻǎǘ 
ŜŦŦŜŎǘƛǾŜƴŜǎǎ 
ŎƻƳǇŀǊŜŘ ǘƻ 
ƻǘƘŜǊ ǾƛŀōƭŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ 



¢ŀōƭŜ оπн {ŎǊŜŜƴƛƴƎ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ŦƻǊ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎ !ǇǊƛƭ нлнп 
{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ bŜǿ ¸ƻǊƪ 

tŀƎŜ р ƻŦ р 
¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 

DŜƴŜǊŀƭ 
wŜǎǇƻƴǎŜ 
!ŎǘƛƻƴмΣнΣо 

wŜƳŜŘƛŀƭ 
¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŎŜǎǎ hǇǘƛƻƴ 5ŜǎŎǊƛǇǘƛƻƴ 9Ǿŀƭǳŀǘƛƻƴ C¦{w!t 
/ƻƴǘŀƳƛƴŀƴǘǎ ƻŦ 
/ƻƴŎŜǊƴ ό/h/ǎύ 
!ŘŘǊŜǎǎŜŘ 

wŜǘŀƛƴŜŘΚ 
9ŦŦŜŎǘƛǾŜƴŜǎǎ LƳǇƭŜƳŜƴǘŀōƛƭƛǘȅ /ƻǎǘ 

9Ȅπ{ƛǘǳ 
¢ǊŜŀǘƳŜƴǘ 

¢ƘŜǊƳŀƭ 
¢ǊŜŀǘƳŜƴǘ 

{ǘŜŀƳ {ǘǊƛǇǇƛƴƎ {ǘŜŀƳ {ǘǊƛǇǇƛƴƎ ƛǎ ŀ ǇǊƻŎŜǎǎ 
ǎƛƳƛƭŀǊ ǘƻ ŀƛǊ ǎǘǊƛǇǇƛƴƎ ǿƘŜǊŜ ǘƘŜ 
ŀƛǊ ǇƘŀǎŜ Ƙŀǎ ōŜŜƴ ǊŜǇƭŀŎŜŘ ōȅ 
ǎǘŜŀƳΦ ¢ƘŜ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ 
ƻŦ ƻǇŜǊŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ŀ ƎǊŜŀǘŜǊ 
ǘǊŀƴǎŦŜǊ ƻŦ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ 
ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ǇƘŀǎŜ ǘƻ ŀ 
ǎǘŜŀƳ ŘƛǎǘƛƭƭŀǘŜ ǇƘŀǎŜ ǘƘŀǘ Ƴǳǎǘ 
ōŜ ŎƻƴŘŜƴǎŜŘ ŦƻǊ ŦǳǊǘƘŜǊ 
ǎŜǇŀǊŀǘƛƻƴΦ 

9ŦŦŜŎǘƛǾŜ ŦƻǊ ƘŀƭƻƎŜƴŀǘŜŘ ±h/ǎΦ 
¢ȅǇƛŎŀƭƭȅ ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ 
ǿƛǘƘ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

wŜŀŘƛƭȅ ƛƳǇƭŜƳŜƴǘŀōƭŜΦ ²ƛƭƭ 
ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǎǘŜǇ ŦƻǊ ƴƛŎƪŜƭ ŀƴŘ ǳǊŀƴƛǳƳΦ 

IƛƎƘŜǊ ǘƘŀƴ ƻǘƘŜǊ 
ŀǾŀƛƭŀōƭŜ ǇǊƻŎŜǎǎ 
ƻǇǘƛƻƴǎ ǘƘŀǘ ŀǊŜ Ŝǉǳŀƭƭȅ 
ŜŦŦŜŎǘƛǾŜΦ 

t/9 bƻΣ ŘǳŜ ǘƻ Ŏƻǎǘ 
ŜŦŦŜŎǘƛǾŜƴŜǎǎ 
ŎƻƳǇŀǊŜŘ ǘƻ 
ƻǘƘŜǊ ǾƛŀōƭŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ 

м ¢ƘŜ [ƛƳƛǘŜŘ !Ŏǘƛƻƴ ƎŜƴŜǊŀƭ ǊŜǎǇƻƴǎŜ ŀŎǘƛƻƴǎ όDw!ǎύ ǿŜǊŜ ƴƻǘ ŜǾŀƭǳŀǘŜŘ ŦǳǊǘƘŜǊ ƛƴ ǘƘƛǎ ǘŀōƭŜΣ ǎǳŎƘ ŀǎ ŜƴƎƛƴŜŜǊƛƴƎ ŎƻƴǘǊƻƭǎΣ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŎƻƴǘǊƻƭǎΣ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ŀǎ ǇŀǊǘ ƻŦ ƻǘƘŜǊ ŀƭǘŜǊƴŀǘƛǾŜǎ ŀǎ ǘƘŜȅ ŀǊŜ ƴƻǘ ǎǘŀƴŘπŀƭƻƴŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎ ōŀǎŜŘ ƻƴ ŦǳǘǳǊŜ ǎƛǘŜ ǳǎŜ ǎŎŜƴŀǊƛƻǎΦ 

н ¢ƘŜ 9Ȅ {ƛǘǳ ¢ǊŜŀǘƳŜƴǘ Dw!ǎ ŀǊŜ ƴƻǘ ǎǘŀƴŘπŀƭƻƴŜ ŀƭǘŜǊƴŀǘƛǾŜǎΣ ōǳǘ ƛƴǎǘŜŀŘ ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ wŜƳƻǾŀƭ Dw!ǎΦ 

о ¢ƘŜ wŜƳƻǾŀƭ Dw! κ 9ȄŎŀǾŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ǿŜǊŜ ƴƻǘ ŜǾŀƭǳŀǘŜŘ ŦǳǊǘƘŜǊ ƛƴ ǘƘƛǎ ǘŀōƭŜ ŀǎ ƛǘ ƛǎ ƻƴƭȅ ŀ ǾƛŀōƭŜ ŀƭǘŜǊƴŀǘƛǾŜ ŦƻǊ ǎƘŀƭƭƻǿ ǎƻƛƭ ǎƻ ƛǘ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ōŜ ǳǎŜŘ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ ŀƭǘŜǊƴŀǘƛǾŜǎ ŦƻǊ ǘŀǊƎŜǘƛƴƎ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎΩ /h/ǎΦ 

п !ƛǊ 5ƛǎŎƘŀǊƎŜ ŀƴŘ 5ƛǎǇƻǎŀƭ Dw!ǎ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ŀǎ ǇŀǊǘ ƻŦ ƻǘƘŜǊ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ŜȄǘǊŀŎǘŜŘ ǎƻƛƭ ƎŀǎΣ ŜȄŎŜǎǎ ǎǇƻƛƭ ƳŀǘŜǊƛŀƭΣ ǎǳŎƘ ŀǎ ŜȄŎŜǎǎ ŦǊƻƳ ƎǊŀŘƛƴƎ ŦƻǊ ŎƻƴǘŀƛƴƳŜƴǘ ŀƭǘŜǊƴŀǘƛǾŜǎΣ ƛƴπǎƛǘǳ ǘǊŜŀǘƳŜƴǘ ǇǊƻŎŜǎǎ ƛƴǎǘŀƭƭŀǘƛƻƴ όŘǊƛƭƭƛƴƎ 
ǿŀǎǘŜύΣ ƻǊ Ƙƻǘ ǎǇƻǘ ŜȄŎŀǾŀǘƛƻƴΦ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ƛƴ {ƘŀŘŜŘ wƻǿǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ C{ ǇǊƻŎŜǎǎΦ 
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¢ŀōƭŜ оπо 
¦{!/9 

{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜ 
IƛŎƪǎǾƛƭƭŜΣ bŀǎǎŀǳ /ƻǳƴǘȅΣ bŜǿ ¸ƻǊƪ  

wŜǘŀƛƴŜŘ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ tǊƻŎŜǎǎ hǇǘƛƻƴǎ ŦƻǊ {ƻǳǊŎŜ !ǊŜŀ tǊƻǇŜǊǘƛŜǎ 

t/9 Ґ ¢ŜǘǊŀŎƘƭƻǊƻŜǘƘȅƭŜƴŜ 

{
ƻ
ǳ
Ǌ
Ŏ
Ŝ
 
!
Ǌ
Ŝ
ŀ
 
t
Ǌ
ƻ
Ǉ
Ŝ
Ǌ
ǘ
ƛ
Ŝ
ǎ

[ƛƳƛǘŜŘ !Ŏǘƛƻƴ

Lƴǎǘƛǘǳǘƛƻƴŀƭ /ƻƴǘǊƻƭǎ5ŜŜŘ wŜǎǘǊƛŎǘƛƻƴǎκ ½ƻƴƛƴƎ

9ƴƎƛƴŜŜǊƛƴƎ /ƻƴǘǊƻƭǎ[ƻŎƪƛƴƎ aƻƴƛǘƻǊƛƴƎ ²Ŝƭƭ 
/ƻǾŜǊǎ

aƻƴƛǘƻǊƛƴƎ DǊƻǳƴŘǿŀǘŜǊ aƻƴƛǘƻǊƛƴƎ

/ƻƴǘŀƛƴƳŜƴǘ /ŀǇǇƛƴƎ {ƛƴƎƭŜ ƻǊ aǳƭǘƛπƭŀȅŜǊ /ŀǇ  
όbƛŎƪŜƭΣ ¦ǊŀƴƛǳƳύ

wŜƳƻǾŀƭ

9ȄŎŀǾŀǘƛƻƴ

[ƛƳƛǘŜŘ 9ȄŎŀǾŀǘƛƻƴ
όbƛŎƪŜƭΣ ¦ǊŀƴƛǳƳΣ t/9ύ

/ƻƳǇǊŜƘŜƴǎƛǾŜ 9ȄŎŀǾŀǘƛƻƴ 
όbƛŎƪŜƭΣ ¦ǊŀƴƛǳƳύ

9ȄǘǊŀŎǘƛƻƴ

{ƻƛƭ ±ŀǇƻǊ 9ȄǘǊŀŎǘƛƻƴ                       
όt/9ύ

DǊƻǳƴŘǿŀǘŜǊ 9ȄǘǊŀŎǘƛƻƴ 
όbƛŎƪŜƭΣ ¦ǊŀƴƛǳƳΣ t/9ύ

Lƴ ǎƛǘǳ ¢ǊŜŀǘƳŜƴǘtƘȅǎƛŎŀƭ ¢ǊŜŀǘƳŜƴǘ

!ƛǊ {ǇŀǊƎƛƴƎ
όt/9ύ

{ƻƛƭ CƭǳǎƘƛƴƎ
όbƛŎƪŜƭΣ ¦ǊŀƴƛǳƳύ
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¢ŀōƭŜ рπм /ƻǎǘ 9ǎǘƛƳŀǘŜ ŦƻǊ !ƭǘŜǊƴŀǘƛǾŜ н 
[ƛƳƛǘŜŘ 9ȄŎŀǾŀǘƛƻƴΣ /ŀǇǇƛƴƎΣ {ƻƛƭ ±ŀǇƻǊ 9ȄǘǊŀŎǘƛƻƴΣ !ƛǊ {ǇŀǊƎƛƴƎ ŀƴŘ aƻƴƛǘƻǊƛƴƎ

{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ b¸

м ƻŦ п

Item Description QuantityUnit Unit CostTotal Cost

Land Use Controls (LUCs)Preparation of Institutional controls 1 LS $44,243.50 $44,243.50

Equipment Mobilization and 
Demobilization

Assume 12 pieces of equipment at $1,000 each per mobilization and 
demobilization 12 Each $2,528.20 $30,338.40

TESC installation Temporary Erosion and Sediment Control (TESC) 1 LS $13,905.10 $13,905.10
Tree Removals Assume 60 trees >12 inches to be removed; includes stump removal 60 Each $263.67 $15,819.98
Temporary Fencing Temporary fencing, chain link, 11 gauge, 6 feet tall 1,000 LF $11.87 $11,865.04

Field Office RentalOffice trailer with air conditioning, furnished, 32'x8'. Add 50% for electricity costs9.0 Month $1,080.56 $9,725.03
Construct Staging Areas3 areas total (1 for soil spoils, 1 for SVE setup, 1 for excavation and capping) 1 LS $14,221.13 $14,221.13
Dust Control Water spray during excavation 1 LS $12,641.00 $12,641.00
Well RehabilitationNew locks, repair cracked concrete covers, repair dedicated pumps 21 Each $1,327.31 $27,873.41

Topographic Survey Assume 10.5 acres for surveys: pre-contruction, post-excavation, post-
construction 31.5 Acre $1,455.10 $45,835.69

Electric Drop New pole placement 2 Each $10,744.85 $21,489.70

TESC maintenance and inspectionsAssume monthly maintenance and inspection costs are 10% of installation cost9.0 Month $1,757.74 $15,819.69
CAMP Dust Monitors 4 DustTrack II units for duration of soil disturbance 9.0 Month $6,067.68 $54,609.12
Photoionization Detectors4 MiniRAE 3000 PIDs for duration of soil excavation 27.0 Month $3,868.15 $104,439.94

Radiological Monitoring 3 Technicians, duration of soil excavation, 10 hr days with per diem and lodging91 Day $6,791.83 $618,056.97
Radiological Monitoring 1 Technician, duration of soil transport, 10 hr days with per diem and lodging 98 Day $1,836.62 $179,989.09
Construction Oversight 5 staff per day, 10 hr days with per diem and lodging 154 Day $11,060.88 $1,703,374.75
Construction Oversight 2 staff per day during soil transport, 10 hr days with per diem and lodging 98 Day $3,589.25 $351,746.50

Demolish Select Concrete StructuresFootings, concrete, B70 concrete near DWH 80 LF $20.51 $1,640.80
Septic Tank/Cesspool/Leachpool RemovalLPH03, LPH04, LPH05, LPH06, LPH20, LPH21, CPH1, STS01, STS02, STS03 14 BCY $168.89 $2,333.58
Underground Storage Tank RemovalB100 USTH 1 Each $17,158.87 $17,158.87
Waste line Removal B70 waste line 1 Each $5,688.45 $5,688.45
Shallow Excavation Soil RemovalRemoved soil from around leach pools, sumps, hot spots 3,941 BCY $168.89 $665,673.41

Survey Pre- and Post-Installation Well Location 2 Each $7,508.43 $15,016.87
Well Drilling and Installation 6" diameter borehole, using hollow stem auger. 2" stainless steel casing1,235 LF $63.57 $78,512.40
Trench Excavation Excavate areas for piping 2,500 LF $1.87 $4,666.03
Horizontal Header Piping & Install6" polyvinyl chloride (PVC) pipe, includes material and install500 LF $117.10 $58,550.92
Horizontal Auxiliary Piping & Install2" PVC pipe, includes material and install2,000 LF $45.75 $91,495.11
Well Protection Bollards3" diameter concrete pipe, 5' length for each well520 LF $122.49 $63,695.47
Well Vaults 24" cube locking well covers 26 Each $861.71 $22,404.54

Soil Vapor Extraction (SVE) System Installation

Capital Costs
Institutional Controls

Site Preparation

Shallow Excavation 

Environmental Monitoring
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Capital CostsEquipment Trailer Includes air compressor, blower, SVE system, mob & demob1 LS $164,333.00 $164,333.00
Catalytic Oxidizer Includes freight costs 1 LS $128,306.15 $128,306.15

Topographic Survey Assume 3 surveys: subbase, binder course, wearing course 15.75 Acre $1,455.10 $22,917.85
Soil Removal Remove soil to grade cap 65,340 SF $0.96 $62,932.19
Demolish Existing Slab Foundations10" thick, plain concrete 28,314 SF $1.72 $48,780.49
Demolish Existing FootingsFootings, concrete, 1'-6" thick, 2' wide 1,360 LF $20.51 $27,893.60
Demolish Existing AsphaltRemove bituminous roads, 4"-6" thick 3,146 SY $12.64 $39,779.33

Compaction Existing Subgrade, Vibrating Roller, 24" wide, 6" lifts, 3 passes per lift, 1 lift 8,470 LCY $5.05 $42,735.05
Mirafi FW500 liner for underneath stoneAdd 10% for overlap 14,907 SY $4.19 $62,525.19

Subbase Type 2 Crusher Run Stone, delivery, placement, compaction, and compaction 
testing 13,552 SY $22.05 $298,858.00

Intermediate Course AsphaltDepth of 2 1/2", Plant mix asphalt paving, binder course. Includes placement 13,552 SY $12.96 $175,665.36
Top Course Asphalt Depth of 1", Plant mix asphalt paving, wearing course. Includes placement 13,552 SY $5.54 $75,046.91
Asphalt Compaction TestsSoil Testing, Proctor compaction, 6" modified mold. One test every 5000 SF 25 Each $146.56 $3,664.11
Asphalt Sealant Material and Application 41 Each $750.74 $30,780.19

Stage Soil and DebrisStage debris for disposal, 20 CY Truck, 15 min wait, 15 mph  0.5 min cycle 17,263 LCY $2.85 $49,214.53

Waste Characterization
Analysis for Ignitability, Reactivity, Corrosivity, TCLP VOCs, TCLP SVOCs, TCLP 
Pesticides/Herbicides, TAL PCBs, TCLP Metals, TCLP Mercury, Isotopic Uranium, 
and Total Uranium. Includes bottles. 69 Each $979.35 $67,625.72

Load into Haul Trucks Includes liners, lining, and demurrage for radiological scanning 17,263 LCY $189.62 $3,273,298.02
Transportation of solid waste Transportation as radiologically contaminated waste 10,907 LCY $499.32 $5,445,860.61
Disposal of solid waste Disposal as radiologically contaminated waste 10,907 LCY $293.27 $3,198,581.42
Construction debris Transportation and disposal of non-radiologically contaminated waste 6,356 LCY $151.69 $964,199.75
Backfill Placement Backfill, delivery, placement, compaction 5,542 LCY $461.29 $2,556,508.64
Topsoil Placement Topsoil, delivery, placement 6,534 SY $30.88 $201,749.99
Hydroseed Install ground cover seed and hydromulch 6,534 SY $3.81 $24,926.30

$21,269,013
$1,264,100
$1,276,141
$1,276,141
$1,063,451
$1,063,451
$27,212,296
$2,721,230
$2,993,353
$4,939,032
$18,932,955

Total Capital Cost (rounded to the nearest $1,000): $56,799,000

ES&H Oversight (5%):

Cap Preparation

Cap Construction

Restoration

Capital Cost Subtotal
Pre-Design Investigations:
Remedial Design (6%):

Construction Management (6%):

Legal Administration/Permits/Job Office Overhead (5%):

Project Administration/Home Office Overhead (10%):
Prime Contractor Profit (10%):

Contingency (15% scope + 35% bid):

Capital Cost and Markups Subtotal:

USACE Supervision and Administration (15%):
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Capital CostsLUC Inspection and Maintenance (I&M) Costs
5-Year Review Inspection5-yr review, 2-persons,10 hr/days (average of hours per year over 5 years) 10 Hr $290.74 $2,907.43

NYSDEC LUC Inspection ReportingNYSDEC Site Management Plan 5-yr review (average cost per year over 5 years)40 Hr $290.74 $11,629.72
CERCLA 5-Year Review Reporting CERCLA 5-yr review (average cost per year over 5 years) 40 Hr $290.74 $11,629.72

$26,167
$1,570
$5,233
$32,970
$4,946
$9,479
$47,395

$1,735,000

Maintenance Asphalt inspection and maintenance, fencing and sign repair 1 LS $75,846.00 $75,846.00
Cap Inspection Site inspection (annual inspection,1 person, 1 day) with reporting 40 Hr $290.74 $11,629.72

$87,476
$5,249
$4,374
$17,495
$114,593
$17,189
$32,946
$164,728
$6,031,000

SVE/AS System OperationOperation of SVE system (3 site visits per week)156 Day $2,150.15 $335,422.72
SVE/AS System MaintenanceIncludes maintenance of piping, wells, and trailer equipment1 Year $15,169.20 $15,169.20
SVE/AS Electric Usage 12 Month $3,409.79 $40,917.45
Oxidizer Catalyst Purchase of PCE Specific Catalyst 2 Each $9,480.75 $18,961.50
SVE/AS System Sampling and AnalysisMonthly sampling, 1 person, 1 day of sampling; Air for VOCs, HCl12 Month $5,372.43 $64,469.10
Annual Performance MonitoringSite inspections with reporting 1 Year $56,884.50 $56,884.50

$531,824
$31,909
$26,591
$106,365
$696,690
$104,504

$200,298
$1,001,492
$4,653,000

Capping I&M Subtotal

Soil Vapor Extraction/Air Sparging (AS) Operations and Maintenance (O&M) Costs

SVE/AS O&M Subtotal

Contingency (25%):
Total Capping I&M Cost:

Present Value of Capping O&M (Year 1 through 100) Costs (rounded to the nearest $1,000):

Total SVE/AS O&M Cost:
Contingency (25%):

Present Value of SVE/AS O&M (Year 1 through 5) Costs (rounded to the nearest $1,000):

Project Management (6%):

Technical Support (20%):
Capping I&M and Markups Subtotal:

Technical Support (20%):
SVE/AS O&M and Markups Subtotal:

LUC I&M Subtotal:

Capping I&M Costs

Total LUC I&M Cost:
Contingency (25%):

Present Value of LUC I&M (Year 1 through 100) Costs (rounded to the nearest $1,000):

Project Management (6%):
Technical Support (20%):

USACE Supervision and Administration (15%):

ES&H Oversight (5%):

ES&H Oversight (5%):

USACE Supervision and Administration (15%):

USACE Supervision and Administration (15%):

Project Management (6%):

LUC I&M and Markups Subtotal:
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Capital Costs
General Well Maintenance New locks, repair cracked concrete covers, repair dedicated pumps 2 Each $1,327.31 $2,654.61
Groundwater Sampling Labor 21 wells. Each event involves two 2-person crews, 10-hour days for one week. 1 Event $45,760.42 $45,760.42
Groundwater Sampling Equipment Pump, PID rental, turbidity meter (2 of each) 1 Week $1,317.19 $1,317.19
Sampling Supplies and Shipping Ice, resealable bags, gloves, decon supplies, extra tubing, etc. 1 Event $1,264.10 $1,264.10
Groundwater Sampling Analysis Analysis for TCL Volatiles. Includes bottles and QA/QC samples, trip blanks. 21 Each $66.66 $1,399.81
Groundwater Sampling Analysis Analysis for nickel. Includes bottles and QA/QC samples. 5 Each $28.20 $141.01
Groundwater Sampling Analysis Analysis for total uranium. Includes bottles and QA/QC samples. 14 Each $76.91 $1,076.78

Investigation Derived Waste (IDW) 
Analysis

Analysis for Ignitability, Reactivity, Corrosivity, TCLP VOCs, TCLP SVOCs, TCLP 
Pesticides/Herbicides, TAL PCBs, TCLP Metals, TCLP Mercury, Isotopic Uranium, 
and Total Uranium. Includes bottles. 1 Each $979.35 $979.35

IDW Transportation Transportation of IDW purge water as radiologically contaminated waste. 1 Load $20,225.60 $20,225.60
IDW Disposal Disposal of IDW purge water as radiologically contaminated waste. 3 Each $252.82 $758.46
Disposal Oversight Each event involves one person for one 8-hour day. 1 Event $1,921.43 $1,921.43
Data Evaluation and Reporting 1 LS $82,166.50 $82,166.50

$159,665
$9,580
$7,983
$31,933
$209,161
$31,374
$60,134

Total Monitoring O&M Cost: $300,670
Present Value of Monitoring O&M (Year 1 through 100) Costs (rounded to the nearest $1,000): $11,009,000

Alternative 2 Total Present Worth (rounded to the nearest $1,000):$80,227,000

Key:
LS: Lump Sum                   SY: Square Foot CF: Cubic Foot 
LF: Linear Foot                   LCY: Loose Cubic Yard Hr: Hour
SF: Square Foot
Notes/Assumptions:
1. Annual discount rate: 0% from OMB Circular A-94 Appendix-C, dated February 17, 2023.

3. Unit costs listed were obtained from RS Means Cost Data, vendor quotes, Pilot Study costs, and engineering judgement.
4. Excavation volumes are estimated based on removal of soils above 1.3 ppm Tetrachloroethylene, 130 ppm Nickel, and 13.5 pCi/g Uranium-238. These performance metrics may be updated in the remedial design stage.

Contingency (25%):

2. Present value costs assumes annual discount rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" (EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real 
Discount Rates for the year 2023 (https://www.whitehouse.gov/wp-content/uploads/2019/12/M-20-07.pdf)

Monitoring O&M Subtotal

Monitoring O&M Costs

USACE Supervision and Administration (15%):

ES&H Oversight (5%):
Project Management (6%):

Technical Support (20%):
Monitoring O&M and Markups Subtotal:



¢ŀōƭŜ рπн /ƻǎǘ 9ǎǘƛƳŀǘŜ ŦƻǊ !ƭǘŜǊƴŀǘƛǾŜ о 
[ƛƳƛǘŜŘ 9ȄŎŀǾŀǘƛƻƴΣ {ƻƛƭ ±ŀǇƻǊ 9ȄǘǊŀŎǘƛƻƴΣ !ƛǊ {ǇŀǊƎƛƴƎΣ tǳƳǇ ŀƴŘ ¢ǊŜŀǘΣ {ƻƛƭ CƭǳǎƘƛƴƎΣ ŀƴŘ aƻƴƛǘƻǊƛƴƎ

{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ b¸

м ƻŦ р

Item Description Quantity Unit Unit Cost Total Cost

Land Use Controls (LUCs) Preparation of Institutional controls 0 LS $44,243.50 $0.00

Equipment Mobilization and Demobilization Assume 11 pieces of equipment at $1,000 each per mobilization and demobilization 11 Each $2,528.20 $27,810.20
TESC installation Temporary Erosion and Sediment Control (TESC) 1 LS $13,905.10 $13,905.10
Tree Removals Assume 60 trees >12 inches to be removed; includes stump removal 60 Each $263.67 $15,819.98
Temporary Fencing Temporary fencing, chain link, 11 gauge, 6 feet tall 1,000 LF $11.87 $11,865.04
Field Office Rental Office trailer with air conditioning, furnished, 32'x8'. Add 50% for electricity costs 9.8 Month $1,080.56 $10,535.45
Construct Staging Areas 3 areas total (1 for soil spoils, 1 for SVE setup, 1 for excavation and capping) 1 LS $14,221.13 $14,221.13
Dust Control Water spray during excavation 1 LS $12,641.00 $12,641.00
Well Rehabilitation New locks, repair cracked concrete covers, repair dedicated pumps 21 Each $1,327.31 $27,873.41
Topographic Survey Assume 4 acres for surveys: pre-contruction, post-excavation, post-construction 12.0 Acre $1,418.92 $17,027.03
Electric Drop New pole placement 3 Each $10,744.85 $32,234.55

TESC maintenance and inspections Assume monthly maintenance and inspection costs are 10% of installation cost 9.8 Month $1,757.74 $17,138.00
CAMP Dust Monitors 4 DustTrack II units for duration of soil disturbance 9.8 Month $6,067.68 $59,159.88
Photoionization Detectors 4 MiniRAE 3000 PIDs for duration of soil excavation 31.0 Month $3,868.15 $119,912.53

Radiological Monitoring 3 Technicians, duration of soil excavation, 10 hr days with per diem and lodging 168 Day $6,791.83 $1,141,028.26
Radiological Monitoring 1 Technician, duration of soil transport, 10 hr days with per diem and lodging 49 Day $1,836.62 $89,994.54
Construction Oversight 5 staff per day, 10 hr days with per diem and lodging 224 Day $11,060.88 $2,477,636.00
Construction Oversight 2 staff per day during soil transport, 10 hr days with per diem and lodging 49 Day $3,589.25 $175,873.25

Demolish Select Concrete Structures Footings, concrete, B70 concrete near DWH 80 LF $20.51 $1,640.80
Septic Tank/Cesspool/Leachpool Removal LPH03, LPH04, LPH05, LPH06, LPH20, LPH21, CPH1, STS01, STS02, STS03 14 BCY $168.89 $2,333.58
Underground Storage Tank Removal B100 USTH 1 Each $17,158.87 $17,158.87
Waste line Removal B70 waste line 1 Each $5,688.45 $5,688.45
Shallow Excavation Soil Removal Removed soil from around leach pools and sumps 3,941 BCY $168.89 $665,673.41

Well Drilling and Installation 6" diameter borehole, using hollow stem auger. 2" stainless steel casing 1,235 LF $63.57 $78,512.40
Trench Excavation Excavate areas for piping 2,500 LF $1.87 $4,666.03
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 500 LF $117.10 $58,550.92
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 2,000 LF $45.75 $91,495.11
Well Protection Bollards 3" diameter concrete pipe, 5' length for each well 520 LF $122.49 $63,695.47
Well Vaults 24" cube locking well covers 26 Each $861.71 $22,404.54
Equipment Trailer Includes air compressor, blower, SVE system, mob & demob 1 LS $164,333.00 $164,333.00
Catalytic Oxidizer Includes freight costs 1 LS $128,306.15 $128,306.15

Capital Costs
Institutional Controls

Site Preparation

Environmental Monitoring

Shallow Excavation 

Soil Vapor Extraction (SVE) System Installation
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Capital Costs
Air Sparge/SVE Well Drilling 4-1/4" diameter borehole, using hollow stem auger. 4,080 LF $63.57 $259,377.01
Air Sparge/SVE Well Installation 2 -inch well installation incudes: Screen, riser, and surface completion. 4,080 LF $45.75 $186,650.02
Well Protection Bollards 3" diameter concrete pipe, 5' length for each well 960 LF $122.49 $117,591.64
Well Vaults 24" cube locking well covers 48 Each $861.71 $41,362.22

Trench Excavation Excavate areas for piping 5,000 LF $1.87 $9,332.05
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 500 LF $117.10 $58,550.92
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 4,500 LF $45.75 $205,864.00
Air Sparge System Pre-packaged Air Sparge System 1 Each $93,543.40 $93,543.40

Extraction Well Drilling 8" diameter borehole, using hollow stem auger. 4" stainless steel casing 1,865 LF $52.00 $97,009.43
Extraction Well Installation 4-inch well installation incudes: Screen, riser, and surface completion. 1,865 LF $314.97 $587,566.08
Well Protection Bollards 3" diameter concrete pipe, 3 x 5' length for each well 270 LF $122.49 $33,072.65
Well Vaults 24" cube locking well covers 18 Each $861.71 $15,510.83

Trench Excavation Excavate areas for piping 5,300 LF $1.87 $9,891.97
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 800 LF $117.10 $93,681.48
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 4,500 LF $45.75 $205,864.00
Submersible Pumps 5 HP motor 18 Each $7,483.21 $134,697.72
Equipment Trailer Treatment Train Includes purchase of trailer, pumps, tray air stripper and holding tank + freight cost 5 Each $103,024.15 $515,120.75
Treated Groundwater Discharge 6" discharge line. Discharge to on-site soil flushing system. 1 LS $31,602.50 $31,602.50

Sheet Pile Mobilization Includes 1 foreman, 4 drivers, 2 operators, 1 oiler, 1 crane, 1 lead, 1 hammer 36,000 VLF $2.66 $95,617.62
Sheet Pile Installation Sheet pile, driven, 50 ft sections 36,000 VLF $54.55 $1,963,668.42
Sheet Pile Splicing Length splicing to 60 ft 600 Each $251.57 $150,939.24
Injection Well Drilling 4-1/4" diameter borehole, using hollow stem auger. 2" stainless steel casing 2100 LF $63.57 $133,502.87
Injection Well Installation 2" PVC pipe, includes material and install 2,100 LF $45.75 $96,069.87
Trench Excavation Excavate areas for piping 5,000 LF $1.87 $9,332.05
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 1,500 LF $117.10 $175,652.77
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 3,500 LF $45.75 $160,116.44
Well Protection Bollards 3" diameter concrete pipe, 3 x 5' length for each well 1200 LF $122.49 $146,989.55
Well Vaults 24" cube locking well covers 60 Each $861.71 $51,702.78

Stage Soil and Debris Stage debris for disposal, 20 CY Truck, 15 min wait, 15 mph  0.5 min cycle 8,472 LCY $2.85 $24,152.94
Waste Characterization Analysis for Ignitability, Reactivity, Corrosivity, TCLP VOCs, TCLP SVOCs, TCLP Pesticides/Herbicides, TAL PCBs, TCLP Metals, TCLP Mercury, Isotopic Uranium, and Total Uranium. Includes bottles. 56 Each $979.35 $55,314.28
Load into Haul Trucks Includes liners, lining, and demurrage for radiological scanning 8,472 LCY $189.62 $1,606,431.48
Transportation of solid waste Transportation as radiologically contaminated waste 5,513 LCY $499.32 $2,752,814.04
Disposal of solid waste Disposal as radiologically contaminated waste 5,513 LCY $293.27 $1,616,842.68
Construction debris Transportation and disposal of non-radiologically contaminated waste 2,959 LCY $151.69 $448,847.25
Backfill Placement Backfill, delivery, placement, compaction 7,886 LCY $57.51 $453,511.33
Topsoil Placement Topsoil, delivery, placement 6,534 SY $30.88 $201,749.99
Hydroseed Install ground cover seed and hydromulch 6,534 SY $3.81 $24,926.30

Groundwater Extraction System Installation

Groundwater Extraction Well Drilling

Air Sparge Well Drilling

Air Sparge System Installation

Soil Flushing System Installation

Restoration



¢ŀōƭŜ рπн /ƻǎǘ 9ǎǘƛƳŀǘŜ ŦƻǊ !ƭǘŜǊƴŀǘƛǾŜ о 
[ƛƳƛǘŜŘ 9ȄŎŀǾŀǘƛƻƴΣ {ƻƛƭ ±ŀǇƻǊ 9ȄǘǊŀŎǘƛƻƴΣ !ƛǊ {ǇŀǊƎƛƴƎΣ tǳƳǇ ŀƴŘ ¢ǊŜŀǘΣ {ƻƛƭ CƭǳǎƘƛƴƎΣ ŀƴŘ aƻƴƛǘƻǊƛƴƎ

{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ b¸

о ƻŦ р

Item Description Quantity Unit Unit Cost Total Cost
Capital Costs $18,433,605

$1,264,100
$1,106,016
$1,106,016

$921,680
$921,680

$23,753,098
$2,375,310
$2,612,841
$4,311,187

$16,526,218
Total Capital Cost (rounded to the nearest $1,000): $49,579,000

LUC Inspection and Maintenance (I&M) Costs
5-Year Review Inspection 5-yr review, 2-persons,10 hr/days (average of hours per year over 5 years) 10 Hr $290.74 $2,907.43
NYSDEC LUC Inspection Reporting NYSDEC Site Management Plan 5-yr review (average cost per year over 5 years) 0 Hr $290.74 $0.00
CERCLA 5-Year Review Reporting CERCLA 5-yr review (average cost per year over 5 years) 40 Hr $290.74 $11,629.72

$14,537
$872

$2,907
$18,317

$2,748
$5,266

$26,330
$609,000

SVE/AS System Operation Operation of SVE system (3 site visits per week) 156 Day $2,150.15 $335,422.72
SVE/AS System Maintenance Includes maintenance of piping, wells, and trailer equipment 1 Year $15,169.20 $15,169.20
SVE/AS Electric Usage 12 Month $3,409.79 $40,917.45
Oxidizer Catalyst Purchase of PCE Specific Catalyst 2 Each $9,480.75 $18,961.50
SVE System Sampling and Analysis Monthly sampling, 1 person, 1 day of sampling; Air for VOCs, HCl 12 Month $5,372.43 $64,469.10
Data Evaluation and Reporting Site inspections with reporting 1 LS $56,884.50 $56,884.50

$531,824
$31,909
$26,591

$106,365
$696,690
$104,504
$200,298

$1,001,492
$4,653,000

Project Administration/Home Office Overhead (10%):
Prime Contractor Profit (10%):

ES&H Oversight (5%):

Capital Cost Subtotal
Pre-Design Investigations:

Remedial Design (6%):
Construction Management (6%):

Legal Administration/Permits/Job Office Overhead (5%):
Capital Cost and Markups Subtotal:

USACE Supervision and Administration (15%):

LUC I&M and Markups Subtotal:

Project Management (6%):
LUC I&M Subtotal:

Contingency (25%):

Technical Support (20%):

USACE Supervision and Administration (15%):

Contingency (15% scope + 35% bid):

Present Value of LUC I&M (Year 1 through 35) Costs (rounded to the nearest $1,000):
Total LUC I&M Cost:

Soil Vapor Extraction/Air Sparging (AS) Operations and Maintenance (O&M) Costs

Technical Support (20%):
SVE/AS O&M and Markups Subtotal:

SVE/AS O&M Subtotal

Contingency (25%):
Total SVE/AS O&M Cost:

Present Value of SVE/AS O&M (Year 1 through 5) Costs (rounded to the nearest $1,000):

Project Management (6%):

USACE Supervision and Administration (15%):

ES&H Oversight (5%):
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Item Description Quantity Unit Unit Cost Total Cost
Capital Costs
General Maintenance Includes grass upkeep, fencing repair 1 Year $6,320.50 $6,320.50
P&T System Operation Operation of P&T system (5 site visits per week) 1 Year $120,089.50 $120,089.50
P&T System Maintenance Includes maintenance of piping, wells, and trailer equipment 1 Year $9,480.75 $9,480.75
P&T Electric Usage 12 Month $10,712.37 $128,548.48
Air Sample Analytical Test Fee Air test for VOCs, HCl; 1 per month 12 Each $613.09 $7,357.06
Water Sample Analytical Test Fee GW test for COCS - VOCs, nickel, uranium; 10 per month 120 Each $943.35 $113,201.67
#5 Micron Bags Changed twice a week 104 Each $60.68 $6,310.39
#25 Micron Bags Changed twice a week 104 Each $60.68 $6,310.39
Chitosan Flock Socks Changed twice a month 24 Each $1,516.92 $36,406.08
Pod Sand Media Filter Changed once a month 12 Each $2,528.20 $30,338.40
Spent Filter Characterization Each event involves 1-person, 8-hour days (2 days) 1 Tests $979.35 $979.35
Load into Haul Trucks For spent filter media disposal 1 Day Rate $1,951.49 $2,107.60
Transportation of solid waste Transportation as radiologically contaminated waste 2 Load $19,942.44 $39,884.88
Data Evaluation and Reporting 1 LS $170,653.50 $170,653.50

$677,989
$40,679
$33,899

$135,598
$888,165
$133,225
$255,347

$1,276,737
$26,722,000

General Well Maintenance New locks, repair cracked concrete covers, repair dedicated pumps 2 Each $1,327.31 $2,654.61
Groundwater Sampling Labor 21 wells. Each event involves two 2-person crews, 10-hour days for one week. 1 Event $45,760.42 $45,760.42
Groundwater Sampling Equipment Pump, PID rental, turbidity meter (2 of each) 1 Week $1,317.19 $1,317.19
Sampling Supplies and Shipping Ice, resealable bags, gloves, decon supplies, extra tubing, etc. 1 Event $1,264.10 $1,264.10
Groundwater Sampling Analysis Analysis for TCL Volatiles. Includes bottles and QA/QC samples, trip blanks. 21 Each $66.66 $1,399.81
Groundwater Sampling Analysis Analysis for nickel. Includes bottles and QA/QC samples. 5 Each $28.20 $141.01
Groundwater Sampling Analysis Analysis for total uranium. Includes bottles and QA/QC samples. 14 Each $76.91 $1,076.78

Investigation Derived Waste (IDW) 
Analysis

Analysis for Ignitability, Reactivity, Corrosivity, TCLP VOCs, TCLP SVOCs, TCLP 
Pesticides/Herbicides, TAL PCBs, TCLP Metals, TCLP Mercury, Isotopic Uranium, 
and Total Uranium. Includes bottles. 1 Each $979.35 $979.35

IDW Transportation Transportation of IDW purge water as radiologically contaminated waste 1 Load $20,225.60 $20,225.60
IDW Disposal Disposal of IDW purge water as radiologically contaminated waste 3 Each $252.82 $758.46
Disposal Oversight Each event involves one person for one 8-hour day 1 Event $1,921.43 $1,921.43
Data Evaluation and Reporting 1 LS $82,166.50 $82,166.50

Groundwater Extraction O&M Subtotal

Groundwater Extraction O&M Costs

Contingency (25%):
Total Groundwater Extraction O&M Cost:

Present Value of Groundwater Extraction O&M (Year 1 through 30) Costs (rounded to the nearest $1,000):
Monitoring O&M Costs

Groundwater Extraction O&M and Markup Subtotal:

Project Management (6%):

Technical Support (20%):

USACE Supervision and Administration (15%):

ES&H Oversight (5%):
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Item Description Quantity Unit Unit Cost Total Cost
Capital Costs $159,665

$9,580
$7,983

$31,933
$209,161

$31,374
$60,134

Total Monitoring O&M Cost: $300,670
Present Value of Monitoring O&M (Year 1 through 35) Costs (rounded to the nearest $1,000): $6,959,000

Alternative 3 Total Present Worth (rounded to the nearest $1,000): $88,522,000

Key:
LS: Lump Sum                   SY: Square Foot CF: Cubic Foot 
LF: Linear Foot                   LCY: Loose Cubic Yard Hr: Hour
SF: Square Foot VLF: Vertical Linear Foot

Notes/Assumptions:
1. Annual discount rate: 0% from OMB Circular A-94 Appendix-C, dated February 17, 2023.

3. Unit costs listed were obtained from RS Means Cost Data, vendor quotes, Pilot Study costs, and engineering judgement.
4. Excavation volumes are estimated based on removal of soils above 1.3 ppm Tetrachloroethylene, 130 ppm Nickel, and 13.5 pCi/g Uranium-238. These performance metrics may be updated in the remedial design stage.

Monitoring O&M Subtotal

2. Present value costs assumes annual discount rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" (EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real 
Discount Rates for the year 2023 (https://www.whitehouse.gov/wp-content/uploads/2019/12/M-20-07.pdf)

Project Management (6%):

Technical Support (20%):
Monitoring O&M and Markups Subtotal:

Contingency (25%):
USACE Supervision and Administration (15%):

ES&H Oversight (5%):
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Item Description Quantity Unit Unit Cost Total Cost

Land Use Controls (LUCs) Preparation of Institutional controls 0 LS $44,243.50 $0.00

Equipment Mobilization and Demobilization Assume 12 pieces of equipment at $1,000 each per mobilization and demobilization 12 Each $2,528.20 $30,338.40
TESC installation Temporary Erosion and Sediment Control (TESC) 1 LS $13,905.10 $13,905.10
Tree Removals Assume 60 trees >12 inches to be removed; includes stump removal 60 Each $263.67 $15,819.98
Temporary Fencing Temporary fencing, chain link, 11 gauge, 6 feet tall 3,000 LF $11.87 $35,595.11
Field Office Rental Office trailer with air conditioning, furnished, 32'x8'. Add 50% for electricity costs 29.5 Month $1,080.56 $31,876.49
Construct Staging Areas 5 areas total (3 for soil spoils, 1 for SVE setup, 1 for excavation and capping) 1 LS $23,701.88 $23,701.88
Dust Control Water spray during excavation 1 LS $25,282.00 $25,282.00
Well Rehabilitation New locks, repair cracked concrete covers, repair dedicated pumps 21 Each $1,327.31 $27,873.41
Topographic Survey Assume 6 acres for surveys: pre-contruction, post-excavation, post-construction 18.0 Acre $1,418.92 $25,540.54
Electric Drop New pole placement 3 Each $10,744.85 $32,234.55

TESC maintenance and inspections Assume monthly maintenance and inspection costs are 10% of installation cost 29.5 Month $1,757.74 $51,853.44
CAMP Dust Monitors 4 DustTrack II units for duration of soil disturbance 29.5 Month $6,067.68 $178,996.56
Photoionization Detectors 4 MiniRAE 3000 PIDs for duration of soil excavation 110.0 Month $3,868.15 $425,496.06

Radiological Monitoring 3 Technicians, duration of soil excavation, 10 hr days with per diem and lodging 280 Day $6,791.83 $1,901,713.76
Radiological Monitoring 1 Technician, duration of soil transport, 10 hr days with per diem and lodging 490 Day $1,836.62 $899,945.43
Construction Oversight 5 staff per day, 10 hr days with per diem and lodging 336 Day $11,060.88 $3,716,454.00
Construction Oversight 2 staff per day during soil transport, 10 hr days with per diem and lodging 490 Day $3,589.25 $1,758,732.50

Demolish Select Concrete Structures Footings, concrete, B70 concrete near DWH 80 LF $20.51 $1,640.80
Septic Tank/Cesspool/Leachpool Removal LPH03, LPH04, LPH05, LPH06, LPH20, LPH21, CPH1, STS01, STS02, STS03 14 BCY $168.89 $2,333.58
Underground Storage Tank Removal B100 USTH 1 Each $17,158.87 $17,158.87
Waste line Removal B70 waste line 1 Each $5,688.45 $5,688.45
Shallow Excavation Soil Removal Removed soil from around leach pools and sumps 3,941 BCY $168.89 $665,673.41

Topographic Survey Assume 3 surveys: subbase, binder course, wearing course 15.75 Acre $1,455.10 $22,917.85
Soil Removal Remove soil to grade cap 65,340 SF $0.96 $62,932.19
Demolish Existing Slab Foundations 10" thick, plain concrete 28,314 SF $1.72 $48,780.49
Demolish Existing Footings Footings, concrete, 1'-6" thick, 2' wide 1,360 LF $20.51 $27,893.60
Demolish Existing Asphalt Remove bituminous roads, 4"-6" thick 3,146 SY $12.64 $39,779.33
Overburden Soil Removal 0 BCY $67.16 $0.00
Deep Excavation Soil Removal 40,828 BCY $87.31 $3,564,642.44

Shallow Excavation 

Capital Costs
Institutional Controls

Site Preparation

Environmental Monitoring

Deep Excavation 
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Item Description Quantity Unit Unit Cost Total Cost
Capital Costs
Well Drilling and Installation 6" diameter borehole, using hollow stem auger. 2" stainless steel casing 1,235 Feet $63.57 $78,512.40
Trench Excavation Excavate areas for piping 2,500 LF $1.87 $4,666.03
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 500 Feet $117.10 $58,550.92
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 2,000 Feet $45.75 $91,495.11
Well Protection Bollards 3" diameter concrete pipe, 5' length for each well 520 Feet $122.49 $63,695.47
Well Vaults 24" cube locking well covers 26 Each $861.71 $22,404.54
Equipment Trailer Includes air compressor, blower, SVE system, mob & demob 1 LS $164,333.00 $164,333.00
Catalytic Oxidizer Includes freight costs 1 LS $128,306.15 $128,306.15

Air Sparge/SVE Well Drilling 4-1/4" diameter borehole, using hollow stem auger. 2" stainless steel casing 4,080 LF $63.57 $259,377.01
Air Sparge/SVE Well Installation 2 -inch well installation incudes: Screen, riser, and surface completion. 4,080 LF $45.75 $186,650.02
Well Protection Bollards 3" diameter concrete pipe, 5' length for each well 960 LF $122.49 $117,591.64
Well Vaults 24" cube locking well covers 48 Each $861.71 $41,362.22

Trench Excavation Excavate areas for piping 5,000 LF $1.87 $9,332.05
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 500 LF $117.10 $58,550.92
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 4,500 LF $45.75 $205,864.00
Air Sparge System Pre-packaged Air Sparge System 1 Each $93,543.40 $93,543.40

Extraction Well Drilling 8" diameter borehole, using hollow stem auger. 4" stainless steel casing 1,865 LF $52.00 $97,009.43
Extraction Well Installation 4-inch well installation incudes: Screen, riser, and surface completion. 1,865 LF $314.97 $587,566.08
Well Protection Bollards 3" diameter concrete pipe, 3 x 5' length for each well 270 LF $122.49 $33,072.65
Well Vaults 24" cube locking well covers 18 Each $861.71 $15,510.83

Trench Excavation Excavate areas for piping 5,300 LF $1.87 $9,891.97
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 800 LF $117.10 $93,681.48
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 4,500 LF $45.75 $205,864.00
Submersible Pumps 5 HP motor 18 Each $7,483.21 $134,697.72
Equipment Trailer Treatment Train Includes purchase of trailer, pumps, tray air stripper and holding tank + freight cost 5 Each $103,024.15 $515,120.75
Treated Groundwater Discharge 6" discharge line. Discharge to on-site drainage features 1 LS $31,602.50 $31,602.50

Injection Well Drilling 4-1/4" diameter borehole, using hollow stem auger. 2" stainless steel casing 2100 LF $123.98 $260,366.40
Injection Well Installation 2" PVC pipe, includes material and install 2,100 LF $89.22 $187,362.00
Trench Excavation Excavate areas for piping 4,501 LF $1.87 $8,400.71
Horizontal Header Piping & Install 6" polyvinyl chloride (PVC) pipe, includes material and install 1,500 LF $117.10 $175,652.77
Horizontal Auxiliary Piping & Install 2" PVC pipe, includes material and install 3,500 LF $45.75 $160,116.44
Well Protection Bollards 3" diameter concrete pipe, 3 x 5' length for each well 1200 LF $122.49 $146,989.55
Well Vaults 24" cube locking well covers 60 Each $861.71 $51,702.78

Stage Soil and Debris Stage soil and debris, 20 CY Truck, 15 min wait, 15 mph  0.5 min cycle 115,632 LCY $2.85 $329,653.86
Waste Characterization Analysis for Ignitability, Reactivity, Corrosivity, TCLP VOCs, TCLP SVOCs, TCLP 

Pesticides/Herbicides, TAL PCBs, TCLP Metals, TCLP Mercury, Isotopic Uranium, 
and Total Uranium. Includes bottles. 463 Each $979.35 $452,977.61

Groundwater Extraction System Installation

Soil Flushing System Installation

Soil Vapor Extraction (SVE) System Installation

Air Sparge Well Drilling

Air Sparge System Installation

Groundwater Extraction Well Drilling

Restoration
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Item Description Quantity Unit Unit Cost Total Cost
Capital CostsLoad into Haul Trucks Includes liners, lining, and demurrage for radiological scanning 58,921 LCY $189.62 $11,172,349.09
Transportation of solid waste Transportation as radiologically contaminated waste 55,962 LCY $499.32 $27,943,063.76
Disposal of solid waste Disposal as radiologically contaminated waste 55,962 LCY $293.27 $16,412,128.59
Construction debris Transportation and disposal of non-radiologically contaminated waste 2,959 LCY $151.69 $448,847.25
Backfill Placement Backfill, delivery, placement, compaction 115,632 LCY $36.95 $4,272,545.73
Topsoil Placement Topsoil, delivery, placement 6,534 SY $30.88 $201,749.99
Hydroseed Install ground cover seed and hydromulch 6,534 SY $3.81 $24,926.30

$79,211,885
$1,264,100
$4,752,713
$4,752,713
$3,960,594
$3,960,594

$97,902,600
$9,790,260

$10,769,286
$17,769,322
$68,115,734

Total Capital Cost (rounded to the nearest $1,000): $204,347,000

5-Year Review Inspection 5-yr review, 2-persons,10 hr/days (average of hours per year over 5 years) 10 Hr $290.74 $2,907.43
NYSDEC LUC Inspection Reporting NYSDEC Site Management Plan 5-yr review (average cost per year over 5 years) 0 Hr $290.74 $0.00
CERCLA 5-Year Review Reporting CERCLA 5-yr review (average cost per year over 5 years) 40 Hr $290.74 $11,629.72

$14,537
$872

$2,907
$18,317

$2,748
$5,266

$26,330
$485,000

Capital Cost and Markups Subtotal:
Project Administration/Home Office Overhead (10%):

Pre-Design Investigations:
Remedial Design (6%):

Capital Cost Subtotal

USACE Supervision and Administration (15%):

Construction Management (6%):
ES&H Oversight (5%):

Prime Contractor Profit (10%):

Legal Administration/Permits/Job Office Overhead (5%):

USACE Supervision and Administration (15%):

LUC I&M Subtotal:
Project Management (6%):

Technical Support (20%):

Present Value of LUC I&M (Year 1 through 25) Costs (rounded to the nearest $1,000):
Total LUC I&M Cost:

LUC I&M and Markups Subtotal:

Contingency (25%):

Contingency (15% scope + 35% bid):

LUC Inspection and Maintenance (I&M) Costs



¢ŀōƭŜ рπо /ƻǎǘ 9ǎǘƛƳŀǘŜ ŦƻǊ !ƭǘŜǊƴŀǘƛǾŜ п 
/ƻƳǇǊŜƘŜƴǎƛǾŜ 9ȄŎŀǾŀǘƛƻƴΣ {ƻƛƭ ±ŀǇƻǊ 9ȄǘǊŀŎǘƛƻƴΣ !ƛǊ {ǇŀǊƎƛƴƎΣ tǳƳǇ ŀƴŘ ¢ǊŜŀǘΣ {ƻƛƭ CƭǳǎƘƛƴƎΣ ŀƴŘ aƻƴƛǘƻǊƛƴƎ

{ȅƭǾŀƴƛŀ /ƻǊƴƛƴƎ C¦{w!t {ƛǘŜΣ IƛŎƪǎǾƛƭƭŜΣ b¸

п ƻŦ р

Item Description Quantity Unit Unit Cost Total Cost
Capital Costs
SVE/AS System Operation Operation of SVE system (3 site visits per week) 156 Day $2,150.15 $335,422.72
SVE/AS System Maintenance Includes maintenance of piping, wells, and trailer equipment 1 Year $15,169.20 $15,169.20
SVE/AS Electric Usage 12 Month $3,409.79 $40,917.45
Oxidizer Catalyst Purchase of PCE Specific Catalyst 2 Each $9,480.75 $18,961.50
SVE/AS System Sampling and Analysis Monthly sampling, 1 person, 1 day of sampling; Air for VOCs, HCl 12 Month $5,372.43 $64,469.10
Annual Performance Monitoring Site inspections with reporting 1 Year $56,884.50 $56,884.50

$531,824
$31,909
$26,591

$106,365
$696,690
$104,504

$200,298
$1,001,492
$4,653,000

General Maintenance Includes grass upkeep, fencing repair 1 Year $6,320.50 $6,320.50
P&T System Operation Operation of P&T system (5 site visits per week) 1 Year $120,089.50 $120,089.50
P&T System Maintenance Includes maintenance of piping, wells, and trailer equipment 1 Year $9,480.75 $9,480.75
P&T Electric Usage 12 Month $10,712.37 $128,548.48
Air Sample Analytical Test Fee Air test for VOCs, HCl; 1 per month 12 Each $613.09 $7,357.06
Water Sample Analytical Test Fee GW test for COCS - VOCs, nickel, uranium; 10 per month 120 Each $943.35 $113,201.67
#5 Micron Bags Changed twice a week 104 Each $60.68 $6,310.39
#25 Micron Bags Changed twice a week 104 Each $60.68 $6,310.39
Chitosan Flock Socks Changed twice a month 24 Each $1,516.92 $36,406.08
Pod Sand Media Filter Changed once a month 12 Each $2,528.20 $30,338.40
Spent Filter Characterization Each event involves 1-person, 8-hour days (2 days) 1 Tests $979.35 $979.35
Load into Haul Trucks For spent filter media disposal 1 Day Rate $1,951.49 $2,107.60
Transportation of solid waste Transportation as radiologically contaminated waste 2 Load $19,942.44 $39,884.88
Data Evaluation and Reporting 1 LS $170,653.50 $170,653.50

$677,989
$40,679
$33,899

$135,598
$888,165
$133,225
$255,347

$1,276,737
$19,903,000

Total SVE/AS O&M Cost:
Present Value of SVE/AS O&M (Year 1 through 5) Costs (rounded to the nearest $1,000):

Contingency (25%):

Groundwater Extraction O&M Costs

Contingency (25%):
Total Groundwater Extraction O&M Cost:

Present Value of Groundwater Extraction O&M (Year 1 through 20) Costs (rounded to the nearest $1,000):

Groundwater Extraction O&M Subtotal

SVE/AS O&M Subtotal

USACE Supervision and Administration (15%):

ES&H Oversight (5%):

ES&H Oversight (5%):

Technical Support (20%):
SVE/AS O&M and Markups Subtotal:

Project Management (6%):

USACE Supervision and Administration (15%):

Technical Support (20%):
Groundwater Extraction O&M and Markup Subtotal:

Project Management (6%):

Soil Vapor Extraction/Air Sparging (AS) Operations and Maintenance (O&M) Costs
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Item Description Quantity Unit Unit Cost Total Cost
Capital Costs
General Well Maintenance New locks, repair cracked concrete covers, repair dedicated pumps 2 Each $1,327.31 $2,654.61
Groundwater Sampling Labor 21 wells. Each event involves two 2-person crews, 10-hour days for one week. 1 Event $45,760.42 $45,760.42
Groundwater Sampling Equipment Pump, PID rental, turbidity meter (2 of each) 1 Week $1,317.19 $1,317.19
Sampling Supplies and Shipping Ice, resealable bags, gloves, decon supplies, extra tubing, etc. 1 Event $1,264.10 $1,264.10
Groundwater Sampling Analysis Analysis for TCL Volatiles. Includes bottles and QA/QC samples, trip blanks. 21 Each $66.66 $1,399.81
Groundwater Sampling Analysis Analysis for nickel. Includes bottles and QA/QC samples. 5 Each $28.20 $141.01
Groundwater Sampling Analysis Analysis for total uranium. Includes bottles and QA/QC samples. 14 Each $76.91 $1,076.78

Investigation Derived Waste (IDW) 
Analysis

Analysis for Ignitability, Reactivity, Corrosivity, TCLP VOCs, TCLP SVOCs, TCLP 
Pesticides/Herbicides, TAL PCBs, TCLP Metals, TCLP Mercury, Isotopic Uranium, 
and Total Uranium. Includes bottles. 1 Each $979.35 $979.35

IDW Transportation Transportation of IDW purge water as radiologically contaminated waste 1 Load $20,225.60 $20,225.60
IDW Disposal Disposal of IDW purge water as radiologically contaminated waste 3 Each $252.82 $758.46
Disposal Oversight Each event involves one person for one 8-hour day. 1 Event $1,921.43 $1,921.43
Data Evaluation and Reporting 1 LS $82,166.50 $82,166.50

$159,665
$9,580
$7,983

$31,933
$209,161

$31,374
$60,134

Total Monitoring O&M Cost: $300,670
Present Value of Monitoring O&M (Year 1 through 25) Costs (rounded to the nearest $1,000): $5,540,000

Alternative 4 Total Present Worth (rounded to the nearest $1,000): $234,928,000

Key:
LS: Lump Sum                   SY: Square Foot CF: Cubic Foot 
LF: Linear Foot                   LCY: Loose Cubic Yard Hr: Hour
SF: Square Foot

Notes/Assumptions:
1. Annual discount rate: 0% from OMB Circular A-94 Appendix-C, dated February 17, 2023.

3. Unit costs listed were obtained from RS Means Cost Data, vendor quotes, Pilot Study costs, and engineering judgement.
4. Excavation volumes are estimated based on removal of soils above 1.3 ppm Tetrachloroethylene, 130 ppm Nickel, and 13.5 pCi/g Uranium-238. These performance metrics may be updated in the remedial design stage.

2. Present value costs assumes annual discount rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" (EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real 
Discount Rates for the year 2023 (https://www.whitehouse.gov/wp-content/uploads/2019/12/M-20-07.pdf)

Monitoring O&M Costs

Contingency (25%):
USACE Supervision and Administration (15%):

ES&H Oversight (5%):
Project Management (6%):

Technical Support (20%):
Monitoring O&M and Markups Subtotal:

Monitoring O&M Subtotal



Alternative 1 Alternative 2 Alternative 3 Alternative 4 
No Action Limited Excavation, 

Capping, SVE/AS 
and Groundwater 
Monitoring

Limited Excavation, 
SVE/AS, Pump and 
Treat, Soil Flushing 
and Groundwater 
Monitoring

Comprehensive 
Excavation, SVE/AS, 
Pump and Treat, Soil 

Flushing, 
and Groundwater 
Monitoring

Capital Cost $0 $56,799,000 $49,579,000 $204,347,000
2024 Present Worth O & M Cost $0 $23,430,000 $38,943,000 $30,581,000

2024 Total Present Value of Alternative $0 $80,229,000 $88,522,000 $234,928,000
Notes:

O&M - Operations and Maintenance
SVE - Soil Vapor Extraction
AS - Air Sparging

1. The total present value of alternatives represents the estimated present value of the capital costs and operations and maintenance for the estimated project duration at a 
2.5% discount rate (from OMB Circular A-94 Appendix-C, dated February 17, 2023).

Description

Table 5-4 Summary of Total Present Worth Values 
Sylvania Corning FUSRAP Site, Hicksville, NY
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SYLVANIA CORNING FUSRAP SITE
FORMER SITE FEATURES / CURRENT SITE LAYOUT

HICKSVILLE, NASSAU COUNTY, NEW YORK
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FIGURE 1-3
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Legend

A! GTEOSI Monitoring Well (MW)

A! GTEOSI MW (Abandoned)
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FIGURE 1-5

SYLVANIA CORNING FUSRAP SITE��
GENERAL SITE STRATIGRAPHY��

HICKSVILLE, NASSAU COUNTY, NEW YORK

SOURCE: Modified USGS, Water-Resources Investigations Report 01-4165
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SYLVANIA CORNING FUSRAP SITE
MONITORING WELL LOCATIONS - NORTH OF W JOHN ST

HICKSVILLE, NASSAU COUNTY, NEW YORK
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SYLVANIA CORNING FUSRAP SITE
MONITORING WELL LOCATIONS - SOUTH OF W JOHN ST

HICKSVILLE, NASSAU COUNTY, NEW YORK
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Service Layer Credits:  ESRI World Imagery Base Map, Prepared by WSP.

0 50 100 150 200
Feet



0 100 200
Feet

FIGURE 2-1

!( USACE Monitoring Wells
!( GI Wells
!( GTEOSI Wells

")
Historic Catch Basin/Dry Well/
Manhole/Leach Pool/Cess Pool
Former Sylvania Property
Source Area Properties

Historic UST Area
Former Recharge Basin
Former Trench Drain
Uranium-impacted Soil Suspected of Contributing 
to Groundwater Contamination

Sylvania Uranium Groundwater Plume Observed
30 ug/L
3,000 ug/L

L:
\P

R
O

JE
C

TS
\S

yl
va

ni
a_

V2
\M

ap
s\

M
X

D
\F

ea
si

bi
lit

yS
tu

dy
\2

02
21

00
4\

Fi
g2

-0
1-

U
R

A
N

IU
M

_P
lu

m
eA

ct
ua

l_
20

23
06

16
.m

xd

Service Layer Credits: © 2023 Microsoft
Corporation © 2023 Maxar ©CNES
(2023) Distribution Airbus DS © 2023
TomTom

³

SYLVANIA CORNING FUSRAP SITE
URANIUM GROUNDWATER PLUME AND CONCENTRATIONS IN SOIL (0' - 64' BGS)

HICKSVILLE, NASSAU COUNTY, NEW YORK

Notes:
1. Data presented is the most recent sampling event for
each well (SP2015/SP2016).
2. 140 and 70 buildings were demolished in Summer 2016.
3. ug/L = micrograms per liter.
4. pCi/g = picocuries per gram.
5. ppm = parts per million
6. Excavation areas are estimated based on removal of soils
above performance metrics of 13.5 pCi/g for uranium-238.
These performance metrics may be updated in the remedial
design stage.
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SYLVANIA CORNING FUSRAP SITE
NICKEL GROUNDWATER PLUME AND CONCENTRATIONS IN SOIL (0' - 64' BGS)

HICKSVILLE, NASSAU COUNTY, NEW YORK

Notes:
1. Data presented is the most recent sampling event for
each well (SP2015/SP2016).
2. 140 and 70 buildings were demolished in Summer 2016.
3. ug/L = micrograms per liter.
4. ppm =  parts per million.
5. Excavation areas are estimated based on removal of soils
above performance metrics of 130 ppm for nickel. These
performance metrics may be updated in the remedial
design stage.
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SYLVANIA CORNING FUSRAP SITE
PCE GROUNDWATER PLUME AND CONCENTRATIONS IN SOIL (0' - 64' BGS)

HICKSVILLE, NASSAU COUNTY, NEW YORK

Notes:
1. Data presented is the most recent sampling event for
each well (SP2015/SP2016).
2. 140 and 70 buildings were demolished in Summer 2016.
3. ug/L = micrograms per liter.
4. ppm =  parts per million.
5. PCE = tetrachloroethylene.
6. Excavation areas are estimated based on removal of soils
above performance metrics of 1.3 ppm for tetrachloroethylene.
These performance metrics may be updated in the remedial
design stage.
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³ SYLVANIA CORNING
FUSRAP SITE

Limited Excavation, Capping,
SVE/AS, and Groundwater

Monitoring
HICKSVILLE, NASSAU COUNTY,

NEW YORK

")
Historic Catch Basin/Dry Well/
Manhole/Leach Pool/Cess Pool
Former Sylvania Property

Source Area Properties
Historic UST Area
Former Recharge Basin

Sylvania Groundwater Plumes Observed
PCE: 5 ug/L

Uranium: 30 ug/L
Nickel: 100 ug/L

Proposed Alternatives
!( Proposed Groundwater Monitoring Well

Proposed Area of Cap
Proposed Limited Excavations

Proposed SVE/AS Area
Potential Treatment Trailer

Notes:
1. 140 and 70 buildings were demolished in Summer 2016.
2. ug/L = micrograms per liter.
3. pCi/g = picocuries per gram.
4. ppm = parts per million
5. Excavation areas are estimated based on removal of
soils above performance metrics of 1.3 ppm for
tetrachloroethylene, 130 ppm for nickel, and 13.5 pCi/g
for uranium-238. These performance metrics may be
updated in the remedial design stage.
6. Areas shown for remedial activities are approximate
and may be updated in the remedial design stage.
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³ SYLVANIA CORNING
FUSRAP SITE

Limited Excavation, SVE/AS,
Pump and Treat, Soil Flushing,
and Groundwater Monitoring

HICKSVILLE, NASSAU COUNTY,
NEW YORK

")
Historic Catch Basin/Dry Well/
Manhole/Leach Pool/Cess Pool
Former Sylvania Property

Source Area Properties
Historic UST Area
Former Recharge Basin

Sylvania Groundwater Plumes Observed
PCE: 5 ug/L
Uranium: 30 ug/L

Nickel: 100 ug/L
Proposed Alternatives
!( Proposed Groundwater Monitoring Well

Proposed Limited Excavations
Proposed Pump and Treat Coverage
Proposed SVE/AS Area
Proposed Soil Flushing/GW Injection Area

Potential Treatment Trailer

Notes:
1. 140 and 70 buildings were demolished in Summer 2016.
2. ug/L = micrograms per liter.
3. pCi/g = picocuries per gram.
4. ppm = parts per million.
5. Excavation areas are estimated based on removal of
soils above performance metrics of 1.3 ppm for
tetrachloroethylene, 130 ppm for nickel, and 13.5 pCi/g
for uranium-238. These performance metrics may be
updated in the remedial design stage.
6. Areas shown for remedial activities are approximate
and may be updated in the remedial design stage.

Proposed Extraction Well & Capture Zone!(
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Service Layer Credits: © 2025 Microsoft
Corporation © 2025 Maxar ©CNES
(2025) Distribution Airbus DS © 2025
TomTom

³ SYLVANIA CORNING
FUSRAP SITE

Comprehensive Excavation,
SVE/AS, Pump and Treat,

Soil Flushing, and
Groundwater Monitoring

HICKSVILLE, NASSAU COUNTY,
NEW YORK

")
Historic Catch Basin/Dry Well/
Manhole/Leach Pool/Cess Pool
Former Sylvania Property
Source Area Properties
Historic UST Area
Former Recharge Basin

Sylvania Groundwater Plumes Observed
PCE: 5 ug/L
Uranium: 30 ug/L
Nickel: 100 ug/L

Proposed Alternatives
!( Proposed Groundwater Monitoring Well

Proposed Comprehensive Excavation
Proposed Soil Flushing/GW Injection Area
Proposed Limited Excavations

Proposed Pump and Treat Coverage
Proposed SVE/AS Area
Potential Treatment Trailer

Notes:
1. 140 and 70 buildings were demolished in Summer 2016.
2. ug/L = micrograms per liter.
3. pCi/g = picocuries per gram.
4. ppm = parts per million.
5. Excavation areas are estimated based on removal of
soils above performance metrics of 1.3 ppm for
tetrachloroethylene, 130 ppm for nickel, and 13.5 pCi/g
for uranium-238. These performance metrics may be
updated in the remedial design stage.
6. Areas shown for remedial activities are approximate
and may be updated in the remedial design stage.

Proposed Extraction Well & Capture Zone!(
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