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EXECUTIVE SUMMARY 

 

 

This Revised Feasibility Study (RFS)1 evaluates remedy alternatives for Operable Unit 2 (OU-2) at the 

Former Anaconda Wire and Cable Company Site (Site) New York State Department of Environmental 

Conservation (NYSDEC) Site # 3-60-022 (refer to Figure 1 for Site location) and addresses the 

required integration of the OU-2 remedy with the Operable Unit 1 (OU-1) remedy through 

modifications to the OU-1 Record of Decision (NYSDEC, 2003).  This RFS incorporates relevant 

portions of the work presented in many previous documents, including, but not limited to, the previous 

discrete feasibility studies for OU-2 and OU-1 (refs?).   

  

This RFS is necessary in order to incorporate new information into the remedy evaluation.  Previous 

analyses and documents have evaluated OU-2 and OU-1 independently.  Considering new information, 

it has become apparent that the OU-2 and OU-1 conditions, especially in the vicinity of the shore, 

require integration of remedy selection, design and construction.  Specifically, the RFS is needed in 

order to address the following: 

 

 New data for the Site regarding the nature and extent of the dense, non-aqueous phase liquid 

(DNAPL) significantly affects the remedy for both OU-2 and OU-1. 

 

 New geotechnical data, including the nature and extent of the rip-rap in the Northwest Off-

Shore Area, significantly affects the remedy for both OU-2 and OU-1. 

 

 New analysis of metals data has refined the understanding of background concentrations in OU-

2. 

 

In addition to addressing the above, integration of the remedies in this RFS also streamlines the overall 

process and thereby expedites implementation.   

 

New Data 

 

DNAPL: During 2007 and 2008, a program undertaken at the direction of NYSDEC investigated the 

extent of the DNAPL containing polychlorinated biphenyl (PCB) compounds.  The DNAPL is a 

unique, highly viscous mixture related to manufacturing operations during the World War II period.  

The investigation identified locations with liquid (DNAPL), semi-solid and trace material (collectively 

referred to as PCB Material or PCBM) primarily in the Northwest On-shore and Northwest Off-shore 

Areas.  Subsequent activities associated with design and implementation of the DNAPL Interim 

Remedial Measure (IRM; Haley & Aldrich, 2010) have continued to improve the understanding of the 

nature and extent of DNAPL. 

 

Geotechnical: Off-shore geotechnical samples were collected and analyzed concurrent with the 2007 

and 2008 DNAPL investigation.  In addition, since a preliminary analysis of alternatives indicated that 

the location of the western boundary of the rip-rap in the Northwest Off-Shore Area would impact the 

feasibility study evaluations, a field investigation to further delineate the rip-rap was conducted in 2010. 

  

___________________________ 
1A list of acronyms and abbreviations and a list of terms used in this RFS are provided following the table of 

contents. 
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Background Sediment Metal Concentrations:  Additional sediment data for the Hudson River area has 

become available subsequent to the 2003 OU-2 FS (Earth Tech, 2003).  A study was commissioned by 

NYSDEC and the results published in the Hudson River Estuary Sediment Environment Map 

(NYSDEC, 2006). This study collected additional sediment data including metals analytical results for 

sample locations near the Site.  In consultation with NYSDEC, calculations for the Site-specific 

background concentrations for metals have been updated and incorporate this published information. 

 

Alternatives Development 

 

Site-specific sediment COCs have been determined to be PCBs and the metals copper, lead, nickel, and 

zinc. Site-specific Cleanup Levels established for the RFS are 1 ppm for PCBs and Site-specific 

background concentrations for copper, lead, nickel, and zinc. A toxicity assessment for metals 

(Appendix E) will be performed as part of the Remedial Design and may modify the Site-specific 

Cleanup Levels for metals. 

 

For this RFS, OU-2 was divided into four areas for analysis due to varying conditions such as the 

nature and extent of DNAPL, the nature and extent of rip-rap, and differing river conditions.  The four 

OU-2 areas, as shown on Figure 2, are: 

 

1. Nearshore Area 

2. Backwater Area 

3. Deepwater Area  

4. Northwest Off-Shore Area 

 

Although remedy coordination is required along the entire shore, OU-1 areas are generally designated 

and evaluated independently of OU-2 except in the Northwest On-Shore Area, where the DNAPL is 

present in the vicinity of the shore.  Due to the conditions in this area, some elements of the Northwest 

On-Shore Area in OU-1are evaluated along with OU-2 to provide a consistent basis of comparison and 

evaluation of alternatives in this area. 

 

In accordance with DER-10, technologies were identified and screened for retention (Chapter 6).  Next, 

the applicability of those retained technologies was determined for each Site area and variations for the 

applicable technologies (e.g. dredge depth) were evaluated.  Following that, area-specific approaches 

were developed and screened for retention.  Finally, these approaches were assembled into 

comprehensive OU-2 alternatives (Chapter 7).  Preliminary alternatives were reviewed with NYSDEC 

in a series of technical discussions.  The alternatives for OU-2 presented in this RFS consist of: 

 

 No Action  

 Seven combinations of remedial actions in the four OU-2 areas defined above 

 One alternative that restores “pre-release conditions,”  to the extent feasible 

 

Conclusions 

 

The key conclusions of the RFS include: 

 

1. OU-2  

A combination of sediment dredging, capping and natural recovery will meet the remedial 

action objectives (RAOs) for OU-2, as follows: 
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– Nearshore Area: A Subaqueous Cap would be placed to isolate post-dredge residual 

sediments containing PCBs greater than 1 ppm or Site-specific COC metals greater than 

the Site-specific Cleanup Levels. The installation of a Subaqueous Cap includes 

removal of sediments prior to placing the cap to maintain existing bathymetry post 

remedy. Based on current data, placement of a Subaqueous Cap would encompass the 

entire Nearshore Area. 

 

– Backwater Area: Institutional Controls would be implemented to ensure buried 

contaminated sediments are not exposed to surface waters or biota. Localized 

contaminated surface sediments would be removed up to a maximum of 3 ft below the 

existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data, two localized areas would require 

surface dredge within the Backwater Area. 

 

– Deepwater Area: Monitored Natural Recovery would be implemented throughout the 

Deepwater Area. In known Concentrated PCB Material Areas, contaminated sediments 

will be removed up to a maximum of 6 ft below mudline. Subaqueous Backfill will be 

placed post-dredge to restore existing bathymetry.   

 

– Northwest Off-Shore Area: Non-subaqueous capping using a Northwest Extension 

would be installed to contain contaminated sediments. The Northwest Extension 

includes raising final grade above MHW with a bulkhead wall and cover system 

composed of clean material placed over the contaminated sediment. No removal of 

contaminated sediment would be performed as part of the Northwest Extension. The 

final grade would be at El. 6. This alternative achieves slope stability in the Northwest 

Area for the permanent case by installing an anchored bulkhead wall located outboard 

of the existing rip-rap slope.  The bulkhead wall will be backfilled with lightweight fill 

to help reduce the driving forces acting on the wall.  The wall will be a heavy king pile 

wall, or alternative configuration determined during the Remedial Design, and will be 

embedded into the Basal Sand approximately 7 to 10 ft.  The wall will be anchored to a 

sheet pile deadman located approximately 150 ft inland. The wall will be sealed-joint 

construction and serve as a DNAPL barrier.  The wall, tierods and deadman will have a 

significant corrosion protection system to provide the required design life. 

 

– Site-wide: Develop Site-specific institutional controls including a Site Management Plan 

(SMP), long-term monitoring and O&M. 

 

2. OU-1 

Significant new information affecting OU-1 includes: 

 The OU-2 and OU-1 conditions, especially in the vicinity of the shore, require 

integration of remedy selection, design and construction,  

 Constraints related to constructability and effectiveness identified during preparation of 

the OU-1 50% Design) (Haley & Aldrich and ENSR, 2006 require modifications to the 

remedy  (e.g. the approach for groundwater in the Northwest On-Shore Area), 

 Increase in estimated construction cost and duration for OU-1 due to numerous factors 

including constructability, new data regarding the DNAPL and improved understanding 

of the geotechnical constraints, and 
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 New data regarding the nature and extent of DNAPL and other PCB Material in the 

Northwest On-Shore Area provides an improved understanding of the PCB mass 

distribution and relative effectiveness of the remedy described in the OU-1 ROD. 

OU-1 ROD modifications are proposed in Chapter 11 to address the significant new 

information.  These modifications are functionally equivalent in meeting the OU-1 RAOs and 

include: 

 

 Modifications in the Northwest On-Shore Area to integrate the recommended OU-2 

remedy developed by this RFS, 

 Modification of the groundwater control system to improve implementability and 

effectiveness as well as integrate the recommended OU-2 remedy, 

 Modifications to address additional data related to the Building 52 outfalls, and 

 Modifications to shore areas outside of the Northwest On-Shore Area that better 

incorporate NYSDEC guidance on shore softening (NYSDEC, 2007).  These 

modifications may also provide some mitigation to offset river impacts associated with 

the Northwest Off-shore Area in the OU-2 recommended remedy.  

Additionally, the institutional controls required for OU-1 will be updated to be consistent with 

these modifications. 

 

3. Integrated Site-wide Remedy 

 

 The remedies for OU-2 and OU-1 must be designed and constructed as an integrated 

remedy due to physical conditions along the shore. 

 Constructing a bulkhead wall in the Northwest Area and a sloped shore in the 

remainder of the Site meets slope stability requirements, is protective and meets 

community reuse objectives.   

 

Recommendation 

 

The recommended Site-wide remedy is Alternative 5 “Nearshore Cap with Dredge (for cap), Northwest 

Extension” for OU-2 (as described in Chapter 10) with modifications to OU-1 (as described in Chapter 

11).   

 

This integrated Site remedy provides the following benefits: 

 

 protects human health and the environment, 

 meets Remedial Action Objectives, 

 mitigates the potential for DNAPL migration,  

 allows for continued removal of recoverable DNAPL (if present), 

 prevents potential migration of impacted groundwater in the Northwest On-Shore Area, 

 reduces the areal extent of filling of the Hudson River compared to the OU-1 50% Design, 

 provides better incorporation of NYSDEC guidance on shoreline softening, and 

 expedites Site remedy implementation compared to separate implementation. 
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OU-2    Operable Unit #2 (off-shore, in Hudson River) 

ppm    Parts per Million by mass (equivalent to mg/kg or mg/L) 

PCB   Polychlorinated biphenyls 

PCBM   PCB Material 

PAH   Polycyclic Aromatic Hydrocarbons 

PPE    Personal Protective Equipment 

lbs   Pounds 

PRAP    Proposed Remedial Action Plan 

PRG    Preliminary Remediation Goal 

RAO    Remedial Action Objectives 

RCRA    Resource Conservation and Recovery Act 

RFS   Revised Feasibility Study 

ROD    Record of Decision 

RI    Remedial Investigation 

SEM   Simultaneously Extracted Metals 

SCG    Standards, Criteria, and Guidance (selected) 

SVOCs   Semi-Volatile Organic Compounds 

SMP   Site Management Plan 

SARA   Superfund Amendments and Reauthorization Act 

TAL   Target Analyte List 

TOC   Total organic carbon 

TOGS    NYSDEC Technical and Operational Guidance Series 

TSCA    Toxic Substances Control Act 

USACE   United States Army Corps of Engineers 

USEPA   (EPA) United States Environmental Protection Agency 

VOCs    Volatile Organic Compounds 

WAZ   Wave Action Zone 
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LIST OF TERMS 

 

 

Accessible Mass Mass associated with Site-specific sediment COCs that is within the 

constructible limits of dredge, defined by the constraints for area and 

depth within which dredging operations can be safely conducted for 

each OU-2 area, including the potential use of supplemental stability 

control measures. 

Backwater Area Area of slower river velocities and increased deposition where the  

mudline is within the WAZ; namely, the Old Marina, North Boat Slip, 

and South Boat Slip (See Figure 2). 

Bioturbation Zone Encompasses the burrowing depth of the range of benthic organisms 

present, as well as the rooting depth of potential aquatic vegetation 

(especially applicable in Nearshore and Backwater Area). 

Chemical Isolation Layer The bottom layer of a Subaqueous Cap, it limits the migration of 

contaminants through the Cap. 

Confirmation Sample A sample taken during the course of a remedial action to determine 

whether Site-specific Cleanup Levels have been achieved or whether 

further remediation is required. For a final delineation sample, the 

analysis must be by an ELAP-accredited laboratory. 

Constructible Limits  The constraints for area and depth within which dredging operations 

can be safely conducted for each OU-2 area, including the potential use 

of supplemental stability control measures. 

 

Comprehensive An alternative which includes all elements of the remedy for the  

OU-2 Alternative  Nearshore, Backwater, Deepwater, Northwest Off-shore and select 

elements of the Northwest On-Shore Areas. 

 

Concentrated PCB Locations where “rubbery matrix”, “rubbery material” or semi-solid  

Material Areas PCB Material have been either observed and confirmed by elevated 

PCB concentrations, or their presence has been inferred from elevated 

PCB concentrations and a corresponding suspect material description. 

Cost Estimate An opinion of probable cost based on the currently available 

information and feasibility study analysis. 

Deepwater Area Area beyond feasible deployment of silt curtain (See Figure 2) and 

within the extents defined by OU-2. 

DNAPL Barrier Bulkhead wall located below mudline in the Northwest Off-Shore Area 

to limit DNAPL migration. 

Documentation Sample A sample taken after remedial action is complete to document the level 

of contamination remaining. For example, if the remedial objective 

specifies the treatment or removal of a specific volume of sediment 

instead of a Site-specific Cleanup Level, documentation samples are 

taken so that the level of any remaining contaminants is known. For a 

final delineation sample, the analysis must be by an ELAP-accredited 

laboratory. 
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LIST OF TERMS 
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Erosion Protection Layer The middle layer of a Subaqueous Cap, it is composed of material 

which can withstand expected erosional forces, thereby assuring the 

chemical isolation layer is not removed. 

Generated Residuals Sediments that remain after dredging that are the result of the dredging 

operation. 

Habitat Enhancement Vegetative or other enhancements to the Shore Protection Area. 

Habitat Layer The top layer of a Subaqueous Cap. 

Horizontal:Vertical (H:V) Designates the angle of slope (e.g. one foot of horizontal distance 

provides one foot of vertical change in elevation). 

Littoral Zone As defined by NYSDEC, the area bounded by MHW and a contour 6 ft 

below MLW. 

Localized Release Area Specific, generally small areas where contaminants have been identified 

(e.g. OU-1 Outfalls). 

Modified Subaqueous Modified materials selection for Subaqueous Backfill to include  

Backfill  additional carbon content as needed to address elevated residual                                                              

 contamination. 

Modified Subaqueous Cap A Subaqueous Cap modified to include an impermeable layer for 

groundwater control. 

Mudline The top surface of the river bottom. 

Nearshore Area The area along the shore defined by the silt curtain on the west and the 

OU-1/OU-2 Boundary on the east (i.e., river area where mudline is 

shallower than El. -15).  Does not include Backwater Area or the 

Northwest Off-Shore Area. (See Figure 2). 

Northwest Area Combined Northwest On-Shore and Northwest Off-Shore areas. 

Northwest Off-Shore Area Generally the river area bounded by the OU-2/OU-1 Boundary to the 

east and the DNAPL Barrier to the west (See Figure 2). 

Northwest On-Shore Area Generally the area bounded by the OU-2/OU-1 Boundary to the west 

and north, former Building 52B to the east, and the Building 57 Area to 

the south (See Figures 2 and 27). 

Northwest Extension Containment process option that converts existing river area to upland 

also refered to as a non-subaqueous cap. 

OU-2 / OU-1 Boundary Defined by the existing MHW location. 

Operable Unit 1 Upland portion of the Site as defined in the OU-1 ROD (see Figure 1). 

Operable Unit 2 River portion of the Site. Defined boundary is approximately 400 ft 

west of OU-1, 300 ft north of OU-1 into the Old Marina and parallel to 

the southern property boundary (see Figure 1). 
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LIST OF TERMS 
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PCB Material (PCBM) Material with high concentrations of PCBs and a high viscosity 

observed in a range of physical states: liquid (DNAPL), semi-solid and 

trace (thin filaments). 

Post-dredge Residual Sediment that remains after completion of dredging activities. 

Sediment 

Practicable Dredge Remedial dredge to the constructible limits, defined by the constraints 

for area and depth within which dredging operations can be safely 

conducted for each OU-2 area, including the potential use of 

supplemental stability control measures.  Generally, Practicable dredge 

limits do not consider cost effectiveness while feasible dredge limits do 

consider cost effectiveness. 

Remedial Dredge Removal technology applied to designated OU-2 sediments greater than 

Site-specific Cleanup Levels. 

Sealed Joint A low permeability material will be placed at or adjacent to the 

sheetpile joints to reduce the flow through the joints.  The most 

appropriate technology for reducing flow through the joints will be 

selected during Remedial Design. 

Site-specific Background Concentration present at the Site that has been determined to be either 

due to natural conditions or to be widespread regionally and not 

attributable to the Site (see Appendix G). 

Site-specific Cleanup Levels Remedial Goals for Site-specific COCs 

Shoreline   Defined as MLW. 

Shore Protection Area Areas within the WAZ along the sloped shore. 

Silt Curtain Turbidity control used during dredging activities. Installed along the 

shore where mudline elevation is at approximately El. -15. 

Site-wide Remedy A remedy that includes all elements in OU-2 and OU-1. 

Subaqueous Backfill Material used to backfill dredged areas.  Appropriate materials will be 

selected during Remedial Design. 

Subaqueous Cap The aggregate system of components which function to prevent direct 

human and wildlife exposure to contaminated post-dredge surface 

sediments. Post-dredge, the cap is placed on the river bottom areas 

(below MHW). This system consists of a chemical isolation layer, 

erosion protection layer, and habitat layer designed to restore existing 

bathymetry where applicable. 

Toxicity assessment A field study, laboratory study and/or literature review conducted to 

determine the concentration at which a contaminant becomes toxic to an 

individual or an organism. A contaminant is considered toxic if it 

causes death, morbidity or sub-lethal effects on growth, reproduction, 

behavior or physiology of an organism, whether through direct or 

indirect toxicity or through bioaccumulation. 
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LIST OF TERMS 

(Continued) 

 

Turbidity Control A system used to limit the migration of re-suspended sediments. 

Wave Action Zone Based on river conditions at the Site, approximately 2 ft above MHW 

(El. 4.0) to 4.5 ft below MLW (El. -6.5). 

OU-1 Specific Terms 

 

Building 57 Area Generally the area bounded by the Northwest On-Shore Area to the 

north, Former Buildings 52B, 51, and 51A to the east, and the North 

Boat Slip to the south (See Figure 27). 

Northeast Area  Generally the area bounded by the Building 57 Area and Northwest On-

Shore Area to the west, the Old Marina and OU-1 boundary to the 

north, the property line to the east, and the South Area to the south 

(See Figure 27). 

 

Setbacks A corridor adjacent to the Shoreline where only non-intrusive future 

development is allowed per the Federal Consent Decree. 

South Area Generally the area bounded by the Building 57 Area and Northeast 

Area to the north, the OU-2/OU-1 Boundary to the west, and the 

property line to the east and south (See Figure 2). 

Treatment Canisters An engineered system located near the shore in the Northwest On-

Shore Area using high carbon-content canisters to treat groundwater.  

Upgradient Barrier An in-situ system intended to reduce the migration of groundwater in 

portions of OU-1 as described in the OU-1 ROD. 
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1. INTRODUCTION 

 

 

1.1 Purpose of RFS 

 

The purpose of this Revised Feasibility Study (RFS)1 is to evaluate remedy alternatives for OU-2 at the 

Former Anaconda Wire and Cable Company Site NYSDEC Site # 3-60-022 (Site, as shown on Figure 

1) and modify the remedy described for OU-1 in the Record of Decision (NYSDEC, 2004) resulting in 

an integrated Site remedy.   Previous feasibility studies prepared for the Site focused specifically on 

either OU-1 or OU-2 independently.  For reference, the OU-1/OU-2 boundary is shown on Figure 2. 

 

This RFS incorporates new data regarding the extent of PCB-containing DNAPL, semi-solid and trace 

material (collectively referred to as PCB Material or PCBM), additional geotechnical data that have 

changed or improved our understanding of the Site, and new analyses for potential alternatives. 

 

Determining remedies for OU-2 and OU-1 that together provide an integrated Site-wide remedy is a 

technical necessity because any geotechnical design of the shore must consider conditions for both OU-

2 and OU-1.  Additionally, integration of the OU-2 and OU-1 remedies would streamline the remedial 

design and implementation thereby expediting remedy completion.  

 

The feasibility study for OU-2 is presented in Chapters 1 through 10, including elements of OU-1 

required for an integrated remedy.  The proposed modifications to the OU-1 ROD are presented 

separately in Chapter 11.  The resulting recommended integrated remedy for the Site is summarized in 

Chapter 12. 

 

1.2 RFS Goal for the OU-2 Remedial Program  

 

The goal of the remedial program for OU-2 is to prevent or mitigate all significant threats to the public 

health and to the environment presented by Site-specific COCs in sediments through the proper 

application of scientific and engineering principles and in a manner consistent with the National Oil and 

Hazardous Substances Pollution Contingency Plan (also known as the National Contingency Plan or 

NCP) as amended by the Superfund Amendments and Reauthorization Act (SARA).   

 

1.3 RFS Process 

 

A feasibility study emphasizes data analysis and uses data gathered during the Remedial Investigation 

(RI) to: 

 identify the goal of the remedial program,  

 define the nature and extent of Site-specific contamination,  

 identify Site-specific remedial action objectives (RAO)s and identify general response actions,  

 identify and screen technologies for effectiveness and implementability 

 

 

 

 

___________________________ 
1A list of acronyms and abbreviations and a list of terms used in this RFS are provided following the table of 

contents. 
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 develop remedial action alternatives 

 complete an initial screening of alternatives followed by detailed analysis of the alternatives, 

and 

 recommend a remedy. 
 

The process for developing this RFS was established in cooperation with NYSDEC following the 

issuance of comments by NYSDEC in November 2009 on the Modified Feasibility Study (MFS) (Haley 

& Aldrich, 2009).  Due to the complexity of the various technical issues addressed in NYSDEC’s 

comments, a series of technical working-sessions was begun in January 2010. These sessions included 

representatives of NYSDEC, the Village of Hastings-on-Hudson, Hudson Riverkeeper, Inc. and 

Atlantic Richfield (AR).  Each session focused on specific technical topics, and presentations were 

made by Atlantic Richfield to review existing data, engineering or constructability constraints, new 

data, and potential approaches to address each issue.  Once the major technical issues had been 

reviewed, a range of technologies and approaches were consolidated into potential alternatives which 

were discussed in subsequent technical sessions.   

 

In addition, discussions were held with NYSDEC to confirm the method for applying Technical 

Guidance for Site Investigation and Remediation (DER-10), which was issued in May 2010, to OU-2 in 

this RFS.   

 

Although previous reports had addressed and eliminated a wide range of technologies and approaches, 

including both No Action and “pre-release conditions” alternatives, NYSDEC recommended that this 

RFS summarize relevant portions of prior analyses and provide an updated evaluation of both No 

Action and “pre-release conditions” alternatives for comparison to the alternatives developed during 

this process. 

 

Because of the extensive technical discussions and the recognized need to have a consolidated feasibility 

study document, the RFS is being submitted to supersede previous FS documents (e.g. the MFS).  

Consistent with the technical sessions, the MFS comments have been incorporated within the 

alternatives presented in this RFS and specific responses are summarized in Appendix A. 

 

For the purposes of this RFS, actions required for OU-2 that may be implemented within the 

boundaries of OU-1 are considered to be part of the OU-2 evaluation (specifically in the Northwest 

Area). Elements of OU-2 alternatives that affect the implementability of OU-1 remedial actions are also 

addressed as part of the OU-2 evaluation.  
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2. SITE DESCRIPTION AND HISTORY 

 

 

2.1 Site History 

 

The on-shore portion of the Site (OU-1) was created by filling into the Hudson River between the mid-

1800s and the early 1900s with the placement of uncontrolled fill.  The western edge of the fill 

progressively utilized a series of bulkhead walls of various construction types, eventually creating OU-1 

and some elements of the off-shore portion of the Site (OU-2) as presented on Figure 1.  Buildings at 

the Site were supported by piles likely driven to or into the Basal Sand, which is a sand unit located at 

depths ranging from 10 to more than 70 ft below ground surface (bgs).  The Site primarily has been 

used as an industrial facility for well over a century.  Buildings were added and demolished since the 

Site’s original development. 

 

During World War II, Anaconda Wire and Cable Company (AWC) was awarded contracts from the 

U.S. Navy (Navy) to manufacture electric cable for shipboard use.  The Navy required the insulation of 

shipboard cable to be heat and flame resistant to avoid fire damage and to withstand heat generated 

from conducting high electric currents.  PCB mixtures were used to make these products for the Navy.  

The material was used exclusively during the World War II-era and PCB use in the manufacturing of 

cable was suspended after AWC’s contracts with the Navy were fulfilled at the end of the war, as there 

was no civilian market for these products.  After World War II, AWC produced electrical and 

television cable until it ceased operations in 1975.  Atlantic Richfield purchased AWC in 1977, never 

operated the plant, and then sold the Site in 1978.  Since 1978, several owners and tenants subsequently 

occupied the Site.  In 1998, AR's affiliate, ARCO Environmental Remediation Limited (AERL), 

purchased the Site in order to facilitate environmental investigation and remediation efforts. 

 

Since 1998, AR and AERL have implemented remedial investigations, Interim Remedial Measures 

(IRM) and demolition activities as part of the remedial process.  NYSDEC issued a Record of Decision 

(ROD) for the OU-1 portion of the Site in March 2004 (NYSDEC, 2004).  In March 2003 the Final 

Feasibility Study Report (FS) for OU-2 was prepared and submitted by Earth Tech of New York, Inc. 

(Earth Tech) (Earth Tech, 2003) based on the December 2000 Remedial Investigation Report (RI) for 

OU-2 (Earth Tech, 2000).   

 

In October 2003, NYSDEC issued the Proposed Remedial Action Plan (PRAP) for OU-2 (NYSDEC, 

2003). Subsequent investigations completed by Parsons lead to the necessity for updating the 2003 OU-

2 FS. The Supplemental Feasibility Study Report for Operable Unit No. 2 (SFS) was completed and 

submitted to NYSDEC in April 2006 (Parsons, 2006).  In 2009, a Modified Feasibility Study Report 

(MFS) was prepared and submitted to NYSDEC (Haley & Aldrich, 2009) which incorporated further 

data and analysis with the intent to fully integrate OU-2 and OU-1 remedial activities. 

 

As of 2011, Building 52 is the only remaining building.  It is located in the northeastern corner of the 

Site (see Figure 2). All other buildings have been demolished with only the slabs remaining. At the time 

of building demolition, all but one tenant had vacated the Site. 

  

2.2 Survey Data and Elevation Datum 

 

Elevations presented in this RFS are in ft based on the North American Vertical Datum of 1988 

(NAVD88).  Based on the US Geological Survey’s water level gage at Hastings-on-Hudson, data from 

May 1992 through February 2005 indicates that mean high water (MHW) is at El. 2.2, and mean low 

water (MLW) is at El. -2.0.  The difference in mean low and mean high tide elevations is therefore 4.2 ft.  
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The mean tidal water level, or mean sea level, is El. 0.1.  River bathymetry shown on the figures is 

based on a 1997 survey by Alpine Ocean Seismic Survey, Inc. (Alpine, 1997), which is generally consistent 

with the November 2007 survey by Aqua Survey Inc (Aqua Survey, 2007). 

 

2.3 Physical Setting 

 

OU-1 is approximately 2,400 ft long by 500 ft wide.  OU-1 boundaries are described in the ROD 

(NYSDEC, 2004).  OU-2 boundaries are defined by the area between the OU-1 boundary and the 

extends westward into the Hudson River approximately 400 ft from the western OU-1 boundary, north 

into the Old Marina (approximately 300 ft north of the northwestern corner of OU-1), and 

approximately parallel to the south property boundary.  The OU-2 portion of the Site has been 

separated into unique areas for evaluation: the Nearshore, Backwater, Deepwater, and Northwest Off-

Shore Areas (see Figure 2).  

 

The Site is located on the eastern bank of the Hudson River within the confines of the Hudson River 

Valley.  The ground surface at the Site is relatively flat with elevations predominently ranging from 

approximately El. 3 to El. 11.   

 

The Hudson River is considered a drowned-river estuary.  The river is approximately 4,800 ft wide at 

the Site with a maximum depth of about 50 ft at midstream.  There is no navigation channel specified at 

the Site’s location along the river.  Based on historical studies the currents vary from about 2.2 fps on 

the flood tide (flowing upstream) to about 2.9 fps on the ebb tide (flowing downstream).  Depending on 

wind direction and velocity, wave heights of 3 ft to 5 ft and wakes of passing vessels of 2.5 ft have 

been observed.  During the winter, ice floes accumulate along the eastern shore when there is a strong 

west wind. 

 

2.4 Site Geology 

 

The surficial geology of the Site is composed of three units: anthropogenic Fill, the Marine Silt, and the 

Basal Sand. Crystalline metamorphic bedrock of the Manhattan Prong underlies the surficial geology of 

the Site. 

  

 Fill – Upland (OU-1), the Fill comprises the uppermost stratum of the Site. This Fill primarily 

consists of silt, sand, and gravel mixed with varying amounts of ash, cinder, brick, concrete, 

and furnace slag, with occasional fragments of glass, coal, shell, porcelain, timber, copper 

wire, and other debris. The Fill ranges in thickness from between 10 and 20 ft along the eastern 

boundary of the Site to between 20 and 40 ft in the west along the Hudson River.   

 

Because the upland was progressively created over time by filling into the river, there is likely 

a transition zone in the river (OU-2) near shore where miscellaneous Fill exists similar to the 

Fill encountered on land.  However, the composition and thickness of this zone is not well 

known as very few borings have been drilled in the approximately 50-ft zone nearest to the 

shore due to difficulties accessing this area (too shallow for barge access).  Based on the limited 

number of samples that have encountered Fill in the river, it primarily consists of silt, sand, and 

gravel with varying amounts of non-soil materials such as copper wire, brick, glass, coal slag, 

ceramic, cinders, concrete, shells, wood fragments and rip-rap as discussed below. 

 

Rip-rap – In OU-2, rip-rap Fill extends approximately 25 to 75 ft off-shore from the Northwest 

Area and is sometimes overlain by recent river sediment.  The rip-rap that is visible along the 

shore consists of boulder-size pieces of rock or concrete.  Based on the recent rip-rap field 
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investigation in the Northwest Off-Shore Area, it is estimated that the rip-rap fill extends out to 

approximately 60 to 75 ft off-shore.  This rip-rap fill consists of cobbles and boulders 

interbedded with loose material (sediment) nearer to shore, and loose material (sediment) with 

occasional cobbles and boulders further from shore.  The rip-rap fill is estimated to be up to 

approximately 22 ft thick.  The rip-rap serves as armor for the Northwest Area (the Northwest 

Area, at one point, appears to have been impacted by ice floes), and also as an element that 

provides stability. 

 

 Marine Silt – The Marine Silt underlies the onshore Fill and offshore Fill and/or rip-rap Fill, 

where it exists near shore.  Further offshore in the river, the Marine Silt is present at mudline.  

The Marine Silt is the most recent naturally-deposited geologic unit at the Site, and typically 

consists of a black to dark gray clayey silt or silty clay with discrete layers (laminations, lenses, 

partings, or seams) of fine sand and varying amounts of bivalve shell fragments and particles.   

 Basal Sand – The Basal Sand generally is described as very dense, gray to brown, coarse to fine 

sand to coarse to fine gravel, with varying amounts of silt.  Based on available data, the top of 

the Basal Sand in the river is approximately 60 to 70 ft below mudline.  

 Bedrock – The bedrock encountered beneath the Site consists of Yonkers Gneiss or Inwood 

Marble. The elevation of the top of bedrock in the river is not known.  On land, bedrock is 

generally encountered 10 to 15 ft below the top of the Basal Sand. 

 

2.5 Site Hydrogeology 

 

The Site hydrogeologic system is comprised of four distinct hydrogeologic units: the Fill Unit, the 

Marine Silt Unit, the Basal Sand Unit, and the fractured Bedrock.  The following describes each 

specific hydrogeologic unit. 

 

 Fill – The Fill Unit is unconfined.  The water table ranges in depth from approximately 2 to 8 

ft bgs on land and is influenced by tidal variations. The dominant groundwater flow direction in 

the Fill Unit is to the west; hydraulic gradients accompanying this westward flow range from 

less than 0.01 to 0.04 ft/ft depending on tidal stage and proximity to the shore. Primary sources 

of groundwater influx to the Fill Unit include subterranean flow from adjacent upland areas, 

infiltration of surface runoff, and interaction with the Hudson River.  During high tide, water 

entering the Fill interval from the Hudson River reverses the direction of groundwater flow to 

the east near the shore; hydraulic gradients accompanying this reversal in flow range from -

0.001 to -0.006 ft/ft based on measurements performed in OU-1 by Haley & Aldrich.  

 Marine Silt – The Marine Silt underlies the Fill and acts as an aquitard between the Fill and the 

Basal Sand.   

 Basal Sand – Groundwater within the Basal Sand is supplied by regional flow from upland areas 

and is confined by the overlying Marine Silt.  Vertical hydraulic gradient calculations by 

Golder (1996) and Haley & Aldrich indicate an upwards gradient within the Basal Sand.  The 

Basal Sand hydrogeologic unit is the regional aquifer. 

 Bedrock – Underlying the Basal Sand is the Bedrock aquifer, which acts as a 

confined/unconfined aquifer depending on where the bedrock breaches the ground surface and 

the degree of interconnection of the fracture network. 

The majority of groundwater flows westward through the Fill Unit and discharges directly to the 

Hudson River.  Haley & Aldrich has estimated the flow that could be entering the Hudson River from 
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the Fill unit to be between 10,000 to 40,000 gallons per day (GPD) for the entire Site.  Approximately 

30% of the total flow would pass through the Northwest Area.  Visual MODFLOW (Schlumberger 

Water Services, version 2010.1), an industry-standard software, was used to generate flows from a 

range of values including Site-wide hydraulic gradient, hydraulic conductivity, and cross-sectional area 

of flow.  

 

While the majority of groundwater flowing through the Fill Unit enters the Hudson River directly, a 

small portion enters the wedge of marine sediments adjacent to the Fill Unit before discharging to the 

river.  The component of flow moving through the marine sediments and entering the river is estimated 

by groundwater modeling to be 60 gallons per day for the entire offshore area out to 150 ft off-shore.  

The upward flux through the marine sediments corresponding to this flow component is estimated to be 

6 x 10-7 gal/min/ft2 which is a flow of about 0.3 gallons per square foot during an entire year. 

 

2.6 River Hydrology 

 

2.6.1 Flow Study 

 

In 2001, Ocean Surveys, Inc. (OSI) completed a flow study of the Hudson River adjacent to the 

Site (OSI, 2001).  The 2003 OU-2 FS (Earth Tech, 2003) presented results and conclusions 

based on OSI’s study (OSI, 2001). The relevant text from the 2003 OU-2 FS is summarized 

below. 

 

Based on the flow study results, the flow regime adjacent to the study area is typified by semi-

diurnal (two cycles per day) variation in stage with accompanying change in tidal flow 

direction.  Peak flood currents typically occur during the peak stage in the cycle and peak ebb 

currents typically occur at the minimum stage. 

 

Measured surface current speeds at distances 100 to 500 ft west of the existing western shore of 

the Site were typically highest north of the North Boat Slip, with peak ebb-tide velocities of 4.0 

ft per second (fps) and peak flood-tide velocities of 3.5 fps. Velocities were found to be 

typically lower closer than 100 ft to the existing shore and were typically lower near the river 

bottom.  Below the surface, maximum current velocities were observed to be up to 2.3 fps near 

the channel bottom in the zone 100 to 500 ft offshore.  Independent of depth, maximum 

velocities within 100 ft of the existing shore were found to be near 2.0 fps. 

 

OSI also made salinity, conductivity, temperature, and turbidity measurements.  Salinity data 

along with conductivity, temperature, and depth-turbidity data, indicates that the water column 

is well mixed with minimal density-stratification and no well defined salt wedge.  Turbidity 

levels tend to peak during high-tide-high-flood current velocities, although there is high natural 

variation of turbidity over time and from location to location.  

 

An assessment of river velocities at the Site and estimate of the related potential shear stresses 

which may influence bottom sediment movement was performed by HydroQual Environmental 

Engineers & Scientists and was reported in August 2005 (included in Appendix B – HydroQual 

Report).   HydroQual’s modeling results for the 1- to 10,000-year recurrence interval events 

(i.e. the annual maximum flow condition to the flow condition having a probability of 1/10,000 

in any year) indicated there is little difference in velocities across the range recurrence 

intervals.  For example, when compared to the 100-year event, the 1,000-year event has 

approximately 10% greater flow velocities and the 10,000-year event has approximately 20% 

greater flow velocities. 
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HydroQual also concluded there is little difference in velocities associated with river flow 

events with strong winds compared to flow events without strong winds (including hurricane 

conditions).  Since the velocity is the key parameter in determining shear stresses available to 

mobilize and transport sediment, it follows that the erosive stresses are not greatly affected by 

the frequency or severity of flow conditions in areas where the depth of water is sufficient to 

isolate the bottom from surface wave forces. 

  

2.6.2 Column Settling Test 

 

In May 2001, a column settling test was performed on soft sediment for a 0 to 3 ft interval in 

areas close to shore containing high PCB concentrations (Earth Tech, 2003). The test results 

concluded that, under quiescent conditions, Site-related suspended sediments settle in Hudson 

River water within 4 to 24 hours and PCB levels are expected to be significantly reduced in the 

water column within one half-hour. Sediments containing PCBs would tend to accumulate in a 

thickened zone near the bottom of the water column.  In Fall 2004, column settling and dredge 

elutriate analyses were updated using US Army Corps of Engineers methods to provide 

additional data to support assessments of the short-term impacts of dredging on water quality 

and handling of dredged materials (Parsons, 2005a).  Column settling results indicated Site-

related suspended sediments are fairly slow to clarify, typical of most estuarine sediments, with 

an average required settling time of 45 hours needed to achieve total suspended solids (TSS) 

values less than 100 mg/l in the test column.  Both dissolved and particle-associated 

contaminant releases were evaluated and the results for PCBs show a relatively low release to 

the dissolved phase.  The combined dissolved and suspended PCB concentrations in the dredge 

elutriate following 12 hours of settling were approximately 5 times greater than the dissolved 

phase.  

 

While these column settling tests provide some data for the evaluation of settling from dredging 

operations, actual settling rates during dredgeing operations have been documented to vary as a 

function of TSS and may differ from these laboratory tests.  In addition, results from any 

dredge elutriate test do not account for effects from removing debris and obstructions, prop 

wash, bank slope, barge anchoring, or effects of sloughing of bed sediment resulting from 

dredging.  Additional evaluation for settling will be conducted during Remedial Design. 

 

2.6.3 Depositional Environments 

 

In 2006 NYSDEC published a map of the Hudson River Estuary Sediment Environment, as 

part of an effort to map the benthic habitat of the Hudson River Estuary.  This map was 

compiled using data from side scan sonar; sub-bottom profiling, single- and multi-beam 

bathymetric sonar, sediment cores, grab samples, and sediment profiling imagery.  The goal 

was to create a detailed map of the physical environment of the floor of the estuary. 

 

Based on the published sedimentation environment map, the majority of OU-2 is within a thick 

depositional area, defined as a layer of sediment accumulation greater than 50 cm thick. This 

depositional area extends from the shore to approximately 400 ft off-shore, except in the 

Northwest Off-Shore Area where it only extends approximately 150 ft off-shore.  The 

sedimentation environment west of this depositional area, further off-shore, was classified as a 

“dynamic” environment where both erosional and depositional events occur (see Appendix B – 

Depositional Environments). 
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A review of bathymetry at the Site was completed based on two previous surveys, one 

completed by Alpine Ocean Seismic Survey, Inc (Alpine) in February 1997 and the second by 

Aqua Survey, Inc (Aqua Survey) in November 2007.  The survey data was compared for 

changes over the ten year period.  The resulting information had a high degree of correlation 

with the Hudson River Estuary Sediment Environment map, showing a general increase in 

elevation of the mudline (suggesting a depositional environment) closer to shore and a decrease 

in elevation of the mudline (suggesting erosional activities) in the “dynamic” area. The review 

of Site bathymetry is presented in Appendix B – Depositional Environments. 

 

2.6.4 Sea Level Change 

 

Potential sea level changes were estimated in the December 2010 Sea Level Rise Task Force 

Report, compiled by the New York City Panel on Climate Change, and the New York State 

Climate Impacts Assessment (ClimAID).  This report shows sea level change projections for 

New York State for approximately the next 80 years.  For the Lower Hudson Valley and Long 

Island region, the report projects a sea level change of 12 to 23 inches. Current MLW and 

MHW elevations would therefore be expected to increase up to 23 inches within the next 80 

years, thereby increasing the current 100-year floodzone at the Site from El. 7.0 up to 

approximately El. 9.0. 

 

2.7 Site Ecology 

 

Ecology considers the environmental interactions between an organism and its habitat (including other 

organisms).  The ecology of the strictly aquatic portion of the Hudson River is a very complex 

interaction between physical, chemical and biological variables that affects organisms that live in water 

and sediment.  Characterizing the ecology of any aquatic site is achieved by discrete sampling and 

measurement of the quality and quantity of a number of these variables, and therefore most studies 

obtain a limited ‘snapshot’ of the health of the environment.  For example, biological sampling on such 

a large river is labor intensive but can only take place during the warmer months and at a scale that can 

trap organisms over a small percentage of the Site.  Statistics must be used to make inferences such as 

the relative concentrations of chemicals in biological tissue or the overall abundance and diversity of 

benthic invertebrates. 

 

2.7.1 Aquatic Habitat 

 

OU-2 is primarily underwater, although tidal fluctuations result in the regular exposure of a 

narrow intertidal zone that includes soft substrates, stone rip-rap, sheet piling and remnants of 

old buildings and wharves (decayed wooden pilings).  Previous geophysical investigations of 

the mudline indicate the possible presence of ripple marks, ‘sand waves’ and a ‘debris field’ 

(unknown submerged objects, sunken vessels, pilings, concrete, bricks, etc.) (Parsons, 2005b).  

With the exception of man-made debris, the majority of the bottom substrate of OU-2 is 

classified as “depositional” and therefore consists of a substantial accretion of silts and clays.  

Based on samples obtained to determine the quality of the sediment using biota and chemistry as 

endpoints, the sediments have been classified as ‘degraded’.  Downstream sites (near Yonkers) 

that were anticipated to be close to a ‘reference’ condition were also categorized as degraded 

(Llansó and Southerland, 2006).  

 

Several benthic mapping studies have been conducted throughout the major reaches of the 

Hudson.  For the Hudson River benthic community, the productivity of subsurface habitats 

would vary based on a wide array of physicochemical factors but appear to be best explained by 
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the type of substrate (Strayer et al., 2005).  The river bottom of OU-2 transitions from the 

shore to a depth of 50 ft in the center of the channel.  The existing rip-rap and other manmade 

substrates that exist at the Site do not present shore characteristics or shallow sediments that 

would support a heavily vegetated riparian zone; however, the existing river substrate would 

support surface-dwelling invertebrates.  Bathymetric mapping indicates a relatively steep, 

approximately 30-ft wide slope immediately adjacent to the shore in the Northwest Area, as 

shown by the bathymetry contours shown in Figure 3. 

 

Recent studies documented the spatial distribution of submerged aquatic vegetation (SAV) beds 

in the Hudson River (Findley et al., 2007).  SAV is recognized as an important component of a 

wide variety of ecosystems due to its contribution to primary productivity and its importance as 

habitat for fishes.  Mapping of SAV was undertaken through two projects. Phase I covered the 

area from Hyde Park to Castleton and the Phase II study included the area from the Troy Dam 

to Castleton and Bolles Island to Hastings-on-Hudson.  The classification focused on 

identification and mapping of Vallisneria americana (Va) and Trapa natans (Tn).  The mapping 

showed the SAV location nearest to the Site was approximately 3.5 miles north of the Site, on 

the opposite side of the Hudson River.  

 

In its October 1998 Report, Aquatec Biological Services identified no SAV at the Site, and 

characterized the habitat only by substrate type: silty cohesive mud, cohesive mud/overlying 

silt, cohesive mud/gravel, sand/pebbles/gravel, and hard bottom.  As indicated by the Cornell 

and Aquatec studies and by visual observations at the Site, SAV has not been identified along 

the OU-2 shoreline. 

 

2.7.2 Water Quality 

 

The portion of the Hudson River encompassed by the OU-2 reach is tidally dominated and 

would be classified as mesohaline, meaning the salinity (due to the tidal influence) can vary 

between 5 and 18 parts per thousand (ppt).  Past studies have shown that the salinity within this 

reach of the river can vary from 1 to 19 ppt.  Because of the turbulent environment due to 

downstream freshwater flow, wind and upstream tidal action, OU-2 is typically well mixed.  

Water quality measurements made during the previous RI (Earth Tech, 2000) showed that pH 

and dissolved oxygen were well within the limits considered optimal by NYSDEC for 

supporting aquatic life (NYSDEC, 2008a;b).  Turbidity appears to be slightly higher in this 

reach of the river compared to observations made at other up- or downstream reaches (Llansó 

and Southerland, 2006).   

  

2.7.3 Sediment Quality 

 

Within the shallower areas of OU-2, deposition rates appear to average approximately 1 inch 

per year (Llansó and Southerland, 2006).  Prior investigations indicate that the sediments in 

OU-2 are primarily fine grained muds (>60% silt/clay).  Levels of total organic carbon are 

higher than most reaches in the Hudson (averaging 2.3%) and the sediment is anoxic, 

containing adequate levels of sulfides, averaging 29 µmoles/gram (BB&L, 2006; Llansó and 

Southerland, 2006).  Organic carbon and sulfides are important since both bind divalent metals 

and therefore have been predicted to significantly decrease metals in pore water that are 

bioavailable to a benthic organism (Di Toro et al., 2005).  Previous toxicity tests are consistent 

with this prediction since concentrations of metals that might be anticipated to have a higher 

probability of an adverse effect in freshwater test organisms (e.g. > PECs, MacDonald et al., 
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2000) had no effect using sediment samples from OU-2 for the range of metals detected (Earth 

Tech, 2000). 

 

2.7.4 Aquatic Life 

 

The Hudson’s estuary-benthic community can be both abundant and diverse depending on the 

location of the community within the river (Strayer, 2006).  The benthic community typically 

found in or on hard surfaces (e.g. wooden piling, rip-rap) or softer sediment substrate include: 

sponges (phylum Porifera), segmented worms (phylum Annelida), snails, clams, mussels, 

oysters (phylum Mollusca), insects and crustaceans (phylum Arthropoda) such as amphipods, 

isopods, barnacles, crayfish, shrimp, and crabs.  During the field sampling conducted in 1999, 

the following benthic organisms were collected and identified: polychaetes, isopods, 

amphipods, arthropods, crustaceans, and bivalves (Earth Tech, 2000). 

 

In river systems, solid substrates (as seen in the Northwest Off-shore Area) tend to have a 

higher abundance and diversity of benthic organisms (Plafkin, 1989; Barbour, 1999).  This 

appears to be true for the Hudson as “samples taken from debris fields contained moderately 

dense invertebrate populations….which are valuable food for many fish in the Hudson” (Strayer 

et al., 2005).  Similarly, the ability of fine-muddy substrates to support a robust benthic 

community appears to be quite low, particularly in the mesohaline habitats of the Hudson (op. 

cit.; Llansó et al., 2003; Llansó and Southerland, 2006).  This is reflected in the results of the 

most recent Site-related benthic sampling event (Earth Tech, 2000), since the taxa richness, 

abundance and benthic metrics appeared to be somewhat lower than the reference sites.  This 

difference may be due to differences in Site-specific physical factors (e.g. microhabitat, grain 

size) rather than contaminant factors (Llansó and Southerland, 2006). 

 

It is widely known that estuaries, including the lower Hudson estuary (southern tip of 

Manhattan to the northern end of Haverstraw Bay), are used by many types of fish as a nursery 

area providing an ideal habitat for early critical life stages.  The natural attributes of a 

productive estuarine habitat, such as submerged aquatic vegetation, an undisturbed intertidal 

zone, a naturally occurring shoreline and euryhaline conditions are not, however, present 

within the confines of the OU-2 reach.  

 

The lower Hudson River estuary is ranked among the most productive ecosystem among the 

northern Atlantic coast for fisheries and contains over 200 different species of fish.  Marine 

finfish that use this area include American eel (Anguilla rostrata), white perch (Morone 

americana), and menhaden (Brevoortia tyrannus).  Estuarine fish that spawn in this stretch of 

the Hudson include winter flounder (Pleuronectes americanus), bay anchovy (Anchoa mitchilli), 

hogchoker (Trinectes maculatus), Atlantic silversides (Menidia menidia), and mummichog 

(Fundulus heteroclitus).  During the RI, sampling using fish trawls confirmed these species 

were present.  Robust populations of white perch and striped bass were also noted (Earth Tech, 

2000).  
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3. SUMMARY OF RI AND EXPOSURE ASSESSMENT 

 

 

3.1 Previous Environmental Investigations 

 

Extensive investigations have been conducted at the Site.  These explorations have included sampling 

and testing of various media (e.g., soil, groundwater, sediment, etc.) in both OU-2 and OU-1, as 

summarized on Table I.  The focus of this RFS is OU-2 and integrates OU-1 information to the extent 

necessary to develop, analyze, compare and recommend remedy alternatives.  OU-1 investigations are 

included on Table I for context in assessing OU-2.  These investigations provided information to 

identify and characterize the nature and extent of chemical constituents off-shore, if any, resulting from 

historical Site activities.   

 

The media of concern for OU-2 is the river bottom sediment. Impacted sediment may expose fish, and 

their benthic macroinvertebrate food supply, to COCs, some of which could bioaccumulate in the food 

chain, and eventually result in levels that may be harmful to humans or wildlife that consume the fish. 

OU-1 media of concern, including groundwater, soil, and LNAPL are discussed in Chapter 11. 

Although DNAPL is an OU-1 media of concern, its presence in the Northwest On-Shore Area impacts 

the discussion for OU-2 and therefore is discussed below as well as in Chapter 11. 

 

3.2 Description of Contamination 

 

Over 1,500 sediment samples were collected during investigations between 1995 and 2008 at more than 

200 locations in OU-2.  Samples were analyzed for several constituents including PCBs, Target Analyte 

List (TAL) metals, SVOCs, and volatile organic compounds (VOCs). The results of the analyses for 

each of these analytes are summarized below.   

 

Numerous historical investigations referenced the depth of samples collected to the “mudline”.  For this 

RFS, mudline has been interpreted from existing bathymetry contours to establish an approximate 

elevation.  Sample locations in 2007 and 2008 were referenced to a surveyed, on-shore datum to 

determine elevation. 

 

3.2.1 PCBs 

 

PCB Aroclors were known to be used on the Site during World War II. PCBs have been 

identified as a primary COC in the OU-1 portion of the Site.  PCB contamination is widespread 

in the OU-2 sediments and has been identified as a primary COC in OU-2.  The figures 

provided in Appendix C include sample locations where data was collected within various depth 

intervals. Each sample location presents the relative level of concentration for the highest 

detection within the interval. The figures provided in Appendix D include specific sample data 

results collected to date within various OU-2 Site areas. 

  

In the Northwest Off-Shore Area, several detections of PCBs were found at depths ranging 

from the mudline to 40 ft below the mudline.  The maximum concentration in this area was 

9,200 parts per million (ppm) total PCBs in sediment from boring SD-43 at a depth of 2 to 6 ft 

below mudline. 

 

In the remaining OU-2 area, total PCBs were found in relatively lower concentrations and at 

shallower depths (limited to 20 ft below the mudline).  Outside the Northwest Off-Shore Area, 
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the maximum concentration was 97 ppm total PCBs in sediment from boring EB-10 at the zero 

to 2 ft below mudline interval. 

 

3.2.2 PCB Material (DNAPL, Semi-Solid, Trace) 

 

This section describes the PCB Material, as identified during previous Site investigations and 

further clarified for use in this RFS.  PCB Material is observed in a range of physical states: 

liquid (DNAPL), semi-solid and trace (thin filaments). An updated conceptual model of PCB 

Material migration in the Northwest Area is included as Figure 4, based on the current 

understanding of historical operations and Site investigations. 

 

A “rubbery matrix” containing elevated concentrations of PCBs was encountered in various 

physical states including DNAPL during the OU-1 RI activities conducted in 1998 by IT 

Corporation (IT, 2000).  The greatest amount of this material was observed during the 

installation of MW-12 (location shown on Figure 2).  This material is believed to be related to 

the “saturant” used in specific manufacturing processes during World War II (as described in 

Section 2.1).   

 

In 2006, NYSDEC requested additional delineation of this DNAPL.  Additional field 

investigations included 66 on- and off-shore borings with selected on-shore locations completed 

as monitoring wells (in 2007 and 2008).  Borings were advanced along the shore in the 

Northwest On-Shore Area and Former Disposal Area to determine the horizontal and vertical 

extent of the material (Haley & Aldrich, 2008). 

   

In the 2007 and 2008 investigations the material was observed in three different physical states 

designated as: Liquid PCB Material (DNAPL), Semi-Solid PCB Material, and Trace PCB 

Material (collectively “PCB Material”).  DNAPL was observed to be amber in color and less 

viscous than the Semi-Solid or Trace PCB Material.  The physical state of Liquid PCB Material 

most closely resembled that of the material previously found in MW-12.  Semi-Solid PCB 

Material was generally observed to be more viscous than the Liquid PCB Material and appeared 

grayish-brown in color.  Based on visual observations the Semi-Solid PCB Material had more 

string-like consistency.  Trace PCB Material, when observed, was intermingled with the 

sediment and more difficult to note.  Like the Semi-Solid PCB Material, the Trace PCB 

Material had a string-like consistency and appeared gray in color.  The variation in the physical 

states of the material may represent weathering changes since the time the material was 

released. 

 

During the 2007 and 2008 investigations, several field testing methods were used to verify the 

presence of the PCB Material and to provide information on the physical nature of the material, 

including: ex-situ Laser-induced fluorescence (LIF), adhesion testing, and pull testing. 

 

Key findings of the additional investigation and analyses include: 

 

 PCB Material occurs in varying states of viscosity. 

 

 PCB Material is a mixture primarily made up of PCBs (approximately 40%) and 

aromatic solvent along with some polychlorinated terphenyl and polychlorinated 

naphthalene. 
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 DNAPL is primarily located in the Northwest On-Shore Area at the Fill-Marine Silt 

interface where future human contact is unlikely. 

 DNAPL is believed to result from spills and leaks during operations at former Building 

55 and materials handling near former Buildings 55 and 56 during World War II.   

 

 Limited occurrences of Semi-Solid and Trace PCB Material were observed in and near 

the Northwest Off-Shore Area. 

 

 The data collection for DNAPL also provided improved understanding of the contours 

of the Fill-Marine Silt interface.  

 

Subsequent to the delineation investigation, recovery wells were installed in 2010 as part of the 

pilot program for the 2010 DNAPL IRM Work Plan (Haley & Aldrich, 2010).  Relevant 

findings include: 

 

 Observations of cores are consistent with previous indications that the low vertical 

permeability of the Marine Silt provides a barrier to vertical, downward migration of 

DNAPL. 

 

 Improved understanding of the Fill-Marine Silt interface indicates lateral movement of 

DNAPL in the Northwest On-Shore Area is constrained on the north, east and south by 

the contours of the top of Marine Silt. 

 

 Angled borings and angled wells installed from OU-1 that extend beyond MHW and 

beneath the rip-rap were completed during the IRM pilot testing. DNAPL was not 

encountered in any locations at the Fill / Marine Silt interface at a horizontal distance of 

approximately 20 ft west of MHW. 

 

During the 2007 and 2008 investigations and further rip-rap investigations during 2010, vertical 

borings at the western edge of the rip-rap did not encounter DNAPL.  

 

Based on these findings, it is believed that westward migration of the DNAPL likely ”pinched 

out” due to the combination of physical properties of the DNAPL (viscosity, etc.) and the 

subsurface. Figure 5 shows the approximate inferred extent of DNAPL, based on our current 

understanding.  Figure 6 includes the locations of PCB Material identified during the 2007 and 

2008 investigations and historical locations that were interpreted to contain PCB Material based 

on descriptions from boring logs.  In some off-shore locations, the potential for PCB Material 

was determined based on elevated PCB concentrations. 

 

3.2.3   Metals 

 

During the OU-2 RI investigations a preliminary list of COCs was developed based on those 

COCs identified previously during the OU-1 RI. This preliminary list included the metals 

arsenic, cadmium, chromium, copper, lead, and mercury. Based on further investigations and 

their prevalence at the Site, the OU-2 RI added nickel, silver and zinc to the list of COCs.    

  

Several detections of metals were found at depths ranging from mudline to 30 ft below the 

mudline throughout the OU-2 sediments.  With some exceptions, there is generally a correlation 

between the location of copper and the location of lead, zinc and nickel.   
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Copper and lead are known to have been used at the Site in the manufacture of wire and cable 

from 1919 until the plant closed and operation-related discharge terminated in the 1970’s. The 

maximum copper sample concentration in the OU-2 sediments was 4,310 ppm in boring CS-31 

at 2 to 6 ft below the mudline. The maximum lead concentration was 2,700 ppm in boring SD-

04 at the zero to 2 ft below mudline interval. The OU-2 areas with the highest copper and lead 

concentrations are off-shore of three areas identified as OU-1 source areas based on historical 

operations: the sluice discharge area, the Building 15 SPDES discharge pipe, and the Northwest 

On-Shore Area. The sluice discharge area and Building 15 SPDES discharge pipe locations are 

shown on Figure 2. 

 

Based on OU-1 soil analytical results, nickel and zinc have been previously reported to be 

associated with the ash and furnace slag that comprises much of the fill beneath the property, 

but have also been found to correlate with metals known to have been used on Site. Therefore, 

nickel and zinc may be Site-related COCs in OU-2. Elevated concentrations of zinc found off-

shore of the sluice discharge area, the Building 15 SPDES discharge pipe, and the water tower 

area as shown on Figure 2, and in the Northwest Off-Shore Area correlate to the areas with 

elevated concentrations of copper and lead and to OU-1 source areas. Limited exceedances of 

nickel were found only in the sluice discharge area and water tower areas and do not affect the 

extents of metals contamination. 

 

Other metals are likely associated with the ash and furnace slag that comprises much of the fill 

beneath OU-1 and that was commonly used throughout this reach of the Hudson River. The 

concentrations of arsenic, mercury, silver, cadmium, and chromium, where detected in OU-2 

sediments, do not correlate with OU-1 source areas. Mercury and cadmium levels are 

consistent with background, which suggests a regional or upstream contaminant source.  Silver 

and chromium were not identified as Site-related COCs in OU-1.  

 

A list of COCs, as discussed in this section, have been provided in the following table along 

with Site-specific background concentration values and the ER-L and ER-M values from 

NYSDEC Technical Guidance for Screening Contaminated Sediments (NYSDEC, 1999). 

 

COC Metals 

 

Contaminant 
ER-La  

(ppm) 

Site-specific 

Background  

(ppm) 

ER-Ma  

(ppm) 

Arsenic 8.2 17 70 

Cadmium 1.2 1.5 9.6 

Chromium 81 91 370 

Copper 34 129 270 

Lead 46.6 132 213 

Mercury 0.15 1.7 0.71 

Nickel 20.9 35 51.5 

Silver n/a b 4.0 n/a b 

Zinc 150 233 410 
a ER-L = Effects Range - Low and ER-M = Effects Range - Median 
b Effects-based level is not available for silver in estuarine sediment 
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The ER-L and ER-M screening level values are provided for comparison purposes and do not 

reflect Site-specific toxicity.  “The methods used to derive these guidelines do not account for 

the effects of organic content, acid volatile sulfide concentration, particle size distribution or 

iron and manganese oxide content, or other toxicity-mitigating factors on the bioavailability of 

metals within the sediments, because the total metals concentration is related directly to an 

observed, measurable ecological effect. It is possible that this methodology might not discern 

toxicity from other compounds besides metals.” (NYSDEC, 1999).  Although ER-L values are 

not Site-specific, it was observed that that background values exceed ER-L values for all COCs.  

 

The figures provided in Appendix C include sample locations where data was collected within 

various depth intervals. Separate figures are provided for copper, lead, zinc, and nickel. Each 

sample location presents the relative level of concentration for the highest detection within the 

interval. The figures provided in Appendix D include specific sample data results collected to 

date within various OU-2 Site areas. Nickel was not included in the Appendix D figures due to 

the limited nature of the dataset and sediment contamination. 

 

3.2.4 SVOCs 

 

Concentrations of total SVOCs in the OU-2 sediments ranged from 0.76 ppm to 2,012 ppm, 

with the highest concentration at boring CS-32. The predominant group of SVOCs detected was 

polycyclic aromatic hydrocarbons (PAH); commonly associated with ash, asphalt, heavy 

petroleum oils and products of incomplete combustion. On the basis of PAH presence in soils 

on the OU-1 portion of the Site, these sediment detections are interpreted to be related to Site 

Fill. 

 

3.2.5 VOCs 

 

No VOCs were detected in OU-2 sediments at the Site. VOCs were not included in the COC 

list during the OU-2 RI due to previous data indicating that they were not accumulating in the 

river sediments.   VOCs are not expected to bioaccumulate or pose a significant threat to biota. 

 

3.3 Extent of Contamination 

 

After reviewing the posted sediment sample data, models of the extent of contamination were created 

for PCB and copper. The copper extents model was then compared to the data for other metals to 

identify outliers for other Site-related metals. 

 

For both PCBs and copper, the sediment sample data was divided into 2 ft layers, due to the general 

depositional nature of the sediments and sampling techniques used to collect the data. Prior to kriging 

the data, various time-based and Site-based supplemental factors were identified, including: knowledge 

of historical operations, potential Site-specific COC release locations, river dynamics and concentration 

trends. These factors were then applied to the posted data in order to provide a more accurate data 

interpolation. Historical operations and Site-specific COC release locations (e.g., outfalls) identified 

discrete contaminated areas, such as the Sluice Discharge area, Building 15 SPDES outfall, the Water 

Tower Area and the Northwest Off-Shore Area. River dynamics indicated that the each of these areas 

should be kriged separately from the Backwater and other Deepwater Areas and, based on the data, 

should be separated from each other. Tidal river velocities helped to identify the areal extents of 

contamination and vertical concentration trends in samples were used to predict vertical extents of 

contamination where data gaps currently exist. The resulting estimated extents of contamination are 

shown on the figures in Appendix C.  
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Based on the extents of contamination models, sediments were divided into four layers for evaluation in 

this RFS: 0 to 2 ft, 2 to 6 ft, 6 to 10 ft, and greater than 10 ft intervals. These layers are based on a 

number of factors, including sediment bioavailability, sampling techniques, and risk of exposure by 

erosional events. 

 

3.4 Exposure Assessment 

 

Based on past sediment samples taken from Hudson River sediments close to the shore, the critical 

ecological receptors that are potentially at risk are benthic invertebrates, principally nematodes 

(worms), arthropods (crustaceans) and bivalves (mollusks, clams).  These species are the principal 

receptors of concern because they are in intimate contact with the sediment and may serve as a link 

between the base of the food chain and organisms at higher trophic levels. During the OU-2 RI (Earth 

Tech, 2000), the majority of the samples for analysis were obtained within the top surface layer of 

sediments (uppermost 6 inch interval).  Due to the potential for erosional events in some OU-2 areas, 

sediment in the 0- to 2-ft interval is hereafter considered to be the interval most likely to be inhabited 

by or have a potential to be inhabited by biota. 

 

3.4.1 Migration of Contaminants 

 

3.4.1.1  PCB Material 

 

PCB Material in both trace and semi-solid states has been observed in the sediment. 

Trace PCB Material is present at indiscriminant depths and boring locations in the area 

offshore of the Northwest On-Shore Area. Semi-Solid PCB Material has been observed 

at depths up to 6 ft below the mudline in the Deepwater and in the Northwest Off-shore 

Areas at depths ranging from 16 to 29 ft below the mudline. 

 

The migration potential of PCB Material is relevant to the development and evaluation 

of alternatives.  Trace and Semi-Solid PCB Material are immobile in their current states 

due to the nature of the material and cessation of identified release mechanisms. Trace 

and Semi-Solid PCB Material and DNAPL are adhesive to sediment, fill, steel and 

other materials.  The DNAPL (liquid PCB Material) has been delineated as described 

above and, although flowable when equilibrium is disturbed (e.g. installation of 

recovery wells), its mobility is limited due to its high viscosity and cessation of 

identified release mechanisms. 

 

3.4.1.2  Metals 

 

USEPA’s Equilibrium Partitioning Sediment Benchmark (ESB) provides guidance to 

evaluate whether endogenous sulfides generated by river sediments are sufficient to 

bind specific divalent metals and subsequently reduce potential toxicity. It is now 

widely accepted that there is good agreement between biological effects and porewater 

concentrations (DiToro et al., 1991a,b; NRC, 2003), rather than bulk sediment 

concentrations. “The form of the metal, and thereby the toxicity of a metal, are highly 

influenced by environmental conditions such as pH, alkalinity, REDOX potential, and 

the availability of complexing ions or ligands. Very generally, it can be said that the 

dissolved fraction of metals seems to account for most toxicity…” (NYSDEC 1999, 

VI.A).   The mechanism for reducing the bioavailability of divalent metals, according 

to the ESB guidance, is strong binding by acid volatile sulfides (AVS) that are formed 

from sulfates in low oxygen environments (such as below the sediment interface). 
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Studies (Ankley et al., 1996) have shown that if the molar concentration of AVS 

exceeds the concentration of simultaneously extracted metals (SEM), then toxicity will 

not be manifested in sediment bioassays.  If the molar concentration of SEM exceeds 

AVS, then toxicity may be observed but other factors must be considered. The ESB 

guidance also considers the binding capacity of the fraction of total organic carbon in 

the sediment. 

 

This approach has been used to assess the OU-2 conditions at the Site (BB&L, 2006). 

Site-specific studies concluded that there is an excess of metal binding capacity in the 

OU-2 sediments.  Subsequently NYSDEC raised questions regarding the target cleanup 

levels proposed based on BB&L’s analysis.  In a letter dated 12 March 2009, NYSDEC 

stated that “If ARCO wishes to pursue ESBs for sediment metals contamination at the 

Harbor at Hastings site, additional data beyond what was gathered previously would be 

needed.  This may include additional data collection during the pre-design phase to 

refine the metals clean up goals using an approach that would be specified as part of the 

remedy.”  NYSDEC also stated that SEM-AVS is a “valuable tool" and Atlantic 

Richfield agrees.  As suggested by NYSDEC, the RFS proposes to resolve the 

relationship between bulk sediment concentrations and Site-specific Cleanup Levels as 

part of the Remedial Design using a toxicity assessment as described in Appendix E. 

 

3.4.1.3  Porewater 

 

As mentioned above, porewater is a better indicator of benthic organism exposure than 

bulk sediment concentrations (DiToro et al., 1991a,b; NRC, 2003; EPA, 2005b, 

Hawthorne et al., 2009).  Porewater was extracted from the 17 samples obtained at the 

Site in fall of 2004 and measured for copper and lead, along with seven other metals. 

The concentration of copper in the bulk sediment was as high as 603 mg/kg, yet it was 

only detected in one third of the pore water samples.  The maximum detection of 

copper in pore water (3.3 ug/L) was less than 60% of the NYSDEC Ambient Water 

Quality Criterion of 5.6 ug/L.  Lead was only detected in 2 of the 17 samples, and its 

maximum concentration (1.9 ug/L) was less than 25% of the NYSDEC Ambient Water 

Quality Criterion of 8 ug/L. Nickel was only detected in 1 of the 17 samples, well 

below the NYSDEC Ambient Water Quality Criterion of 8.2 ug/L.  Zinc was 

undetected in pore water in all 17 samples.  

 

The data is consistent with the scientific literature, indicating that copper and other 

potentially toxic divalent metals are strongly bound by sulfides and total organic carbon 

(TOC), and are not bioavailable to ecological receptors that live in or upon sediment. 

Although bulk metal concentrations may be elevated, porewater concentrations are 

significantly less than the Ambient Water Quality Criteria. When pore water 

concentrations are less than toxicity thresholds, then the exposure of benthic infauna to 

metals is low and the risk due to metals present in the sediments is also low. Based on 

the bulk copper concentrations observed in these 17 samples, no impacts would be 

predicted to be observed for sediments containing up to 603 mg/kg of copper. 

 

The potential for copper (or possibly other divalent metals) to migrate over time 

through the process of pore water migration has been evaluated.  Data from previous 

investigations indicates that this is unlikely for the following reasons: 
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 It is known that this reach of the Hudson River in OU-2 has levels of TOC with 

a range of 2.2 – 3.2% (Parsons, 2006; Llansó and Southerland, 2006).  This 

range is considerably elevated compared to other sediment samples obtained 

from the Hudson (Llansó and Southerland, 2006).  In estuarine or marine 

systems, copper (Seligman and Zirino, 1998; 2002; Rivera- Duarte et al., 

2006) and other metals (Di Toro et al., 2005) are known to bind strongly to 

organic carbon and be retained even under fairly rigorous extraction procedures 

(Daminouka and Katsiri, 2009).  The likelihood of metals, particularly copper, 

desorbing from organic ligands in OU-2 sediment is therefore negligible. 

 

 Previous studies that measured the capacity of naturally occurring sulfides (S-2) 

to bind divalent metals in both sediment grabs and cores showed that the vast 

majority of samples had concentrations of S-2 that were greatly in excess of the 

amount of metals that could be simultaneously extracted with acid (and 

therefore not bioavailable).  Based on equilibrium partitioning sediment 

benchmarks derived for the protection of benthic organisms to metal mixtures, 

these levels of sulfides will afford considerable excess binding capacity of any 

freely dissolved divalent metals in pore water.  In addition to this, the 

placement of an engineered cap would prevent overlying oxygen in the water 

column from diffusing into the underlying sediment and therefore encourage 

anaerobic conditions which, in turn, will stimulate the generation of S-2.  The 

latter would provide a continued S-2 source available to bind to divalent metals, 

rendering them immobile. 

 

PCBs were also measured in porewater during the Supplemental FS (Parsons, 2006).  

Five stations (SD01 through SD05) had a frequency of detection of 26%, and the 

concentrations that were detected ranged from 0.014 to 0.49 ug/L with a mean value of 

0.088 ug/L in sediment with concentrations which ranged from 0.415 mg/kg to 87 

mg/kg with a mean value of 19.1 mg/kg.  This value is below the NYSDEC level of 

protection for acute effects to benthic macroinvertebrates of 10 ug/L and just slightly 

above the level of protection for chronic effects to benthic macroinvertebrates 0.03 

ug/L (NYSDEC, 1999).   

 

3.4.1.4  PCBs in Native Biota 

 

 The table below summarizes the results of the 1998 and 1999 RI sampling with relation 

 to species at various sampling locations.  The data shows that American eel and white 

 perch exhibit the more elevated concentrations of PCBs (as compared to both mature 

 and young striped bass), based on both a wet weight and lipid-adjusted basis (Earth 

 Tech, 2000).   

 

Blue Crab Silversides White Perch American Eel Striped Bass

Old Marina 17 2 14 2 127

North Boat Slip 17 4 19 1 146

South Boat Slip 24 2 16 6 107

Tappan Terminal 11 0 8 2 5

Mean PCBs (mg/kg) 0.9 1.2 3.0 4.9 2.5

Adjusted PCBs (mg/kg lipid) 26.2 Not Analyzed 49.1 32.8 25.0

Inventory of Species Caught During OU2 Remedial Investigation
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A careful statistical analysis of the data by Heimbuch (2000) reported that the 2000 RI 

(Earth Tech) report was incorrect as “All striped bass that were collected during the fall 

1998 study were juvenile fish, although the OU#2 RI Report erroneously indicated that 

the striped bass collected in the fall 1998 study were mature fish (OU#2 RI Report, 

page 5-6 and Table 5.7b)”.  They also apparently did not collect the correct age classes 

of fish, either over space or time.  Lipid-adjusted PCB concentrations analyzed by Dr. 

Heimbuch showed that there were no significant statistical differences, for all crab and 

fish species sampled, between the Site and off-site fish samples. 

 

3.4.2 Potential Effects of Mudline Fluctuation 

 

The potential risk to the biota changes as the mudline fluctuates. As non-contaminated sediment 

is deposited on top of contaminated sediment, it effectively creates a physical isolation between 

the biota and the contaminated sediments. Erosion of existing sediments, therefore, may create 

an increased potential for exposure depending on the concentration levels in the exposed 

sediments. 

 

For OU-2 areas close to the shore, generally lower concentrations of COCs were found in the 

shallower depth intervals. This is important since the biota at risk (described above) are 

macroinvertebrates which reside in a fairly narrow “bioturbation” zone (approximately the 

upper-most 6 inches) at the sediment surface.  Appendix F presents a review of the depth of the 

bioturbation zone for benthic infauna.  Given the types of species observed in the 2000 RI 

(Earth Tech, 2000), this data suggests that the upper-most 6 inch depth interval is adequate for 

sediment-dwelling organisms in this reach of the Hudson River.  

 

As discussed in Section 2.6.3, the majority of OU-2 is located within a depositional 

environment.  Further west within the Deepwater Area, the sedimentation is a dynamic 

environment (both depositional and erosional events occurring), as shown in Appendix B – 

Depositional Environments.  Due to the general cessation of release mechanisms for COCs in 

the 1970’s for metals and the 1940’s for PCBs, it would therefore be expected that, in 

depositional areas, COC concentrations would be lower in the surface sediments than in deeper 

sediments. This pattern is seen throughout the depositional areas by comparing Figures 1 and 2 

in Appendix C. 
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4. IDENTIFICATION OF REMEDIAL GOALS AND REMEDIAL ACTION OBJECTIVES 

 

 

Remedial goals, applicable standards, criteria and guidance (SCGs), and remedial action objections 

(RAOs) are based on New York State Codes, Rules and Regulations (6 NYCRR Part 375 

Environmental Remediation Programs and Parts 700 through 706 Water Quality Regulations for 

Surface Waters and Groundwater) and NYSDEC DER-10 (Technical Guidance for Site Investigation 

and Remediation, 2010).  Applicable subparts and sections have been referenced or cited in the sections 

below. 

 

4.1 Remedial Goals 

 

As stated in Part 375-2.8 (Remedial program): 
 

“(a) The goal of the remedial program for a specific site is to restore that Site to pre-disposal 

conditions, to the extent feasible. At a minimum, the remedy selected shall eliminate or mitigate all 

significant threats to the public health and to the environment presented by contaminants disposed at the 

Site through the proper application of scientific and engineering principles and in a manner not 

inconsistent with the national oil and hazardous substances pollution contingency plan as set forth in 

section 105 of CERCLA, as amended as by SARA.” 

 

As defined in Part 375-1.2(s) (General Remedial Program Requirements: 

 

Feasible “…means suitable to Site conditions, capable of being successfully carried out with available 

technology, implementable and cost effective”. 

 

4.1.1 Standards, Criteria and Guidance 

 

A more detailed list of SCGs is provided on NYSDEC Website titled “Index of Standards, 

Criteria and Guidance (SCGs) for Investigation and Remediation of Inactive Hazardous Waste 

Disposal Sites.  Applicable SCGs for the Site were utilized from the following sources. 

 

 Part 375 – Environmental Remediation Programs.  NYSDEC’s regulations concerning 

remedial programs for Inactive Hazardous Waste Disposal Sites.  

 Related NYSDEC technical and administrative guidance including DER-10 and 

Technical and Operational Guidance (TOGS) 1.1.1 Ambient Water Quality Standards 

and Guidance Values and Groundwater Effluent Limitations. 

 Part 700-706 – Water Quality Regulations for Surface Waters and Groundwater. 

 NYSDEC Fish, Wildlife and Marine Resource Guide Documents, including Fish and 

Wildlife Impact Analysis for Inactive Hazardous Waste Sites (NYSDEC, 1994), 

NYSDEC Shoreline Protection Guidance (NYSDEC, 2007), and Technical Guidance 

for Screening of Contaminated Sediments (NYSDEC, 1999). 

 OU-1 ROD (NYSDEC, 2004). 

  



21 

4.2 Remedial Action Objectives (RAOs) 

 

4.2.1 Reference information 

 

DER-10 Chapter 4.1(c) states: 

 

“RAOs are medium or operable unit-specific objectives for the protection of public health and 

the environment and are developed based on contaminant-specific SCGs to address 

contamination identified at a site. Where applicable, the generic RAOs identified on the DEC 

website identified in the table of contents are to be used for the various media.”  

 

“RAOs are established for the remedy selection process:  

 

 from the generic RAOs identified, as applicable to the contaminants identified by the RI; 

or  

 

 by developing a Site-specific RAO, where the generic RAOs provided on the DEC 

website do not address a unique Site condition. Such RAOs may be proposed by the 

remedial party or required by DER.” 

 

In their website, NYSDEC sets forth the following generic RAOs for sediment: 

“RAOs for Public Health Protection 

 Prevent direct contact with contaminated sediments 

 Prevent surface water contamination which may result in fish advisories. 

“RAOs for Environmental Protection 

 Prevent releases of contaminant(s) from sediments that would result in surface water 

levels in excess of (ambient water quality criteria). 

 Prevent impacts to biota from ingestion/direct contact with sediments causing toxicity or 

impacts from bioaccumulation through the marine or aquatic food chain. 

 Restore sediments to pre-release/background conditions to the extent feasible.” 

4.2.2 OU-2 Remedial Action Objectives 

 

Based on discussions with NYSDEC, this RFS proposes the following Site-specific RAOs: 

 

RAOs for Public Health Protection 

 

 Prevent or mitigate direct contact with sediments containing Site-related contaminants, 

and  

 Prevent or mitigate surface water contamination by Site-related contaminants which 

may result in fish advisories. 

 

RAOs for Environmental Protection 

 

 Prevent or mitigate releases of Site-related contaminant(s) from sediments that would 

result in surface water levels in excess of the surface water quality standard, 
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 Prevent or mitigate impacts to biota from ingestion/direct contact with sediments 

causing toxicity or impacts from bioaccumulation through the marine or aquatic food 

chain, and 

 Restore sediments to pre-release/background conditions to the extent feasible. 

 

Other RAOs 

 

 Minimize requirements for long-term controls that could impact possible future use of 

the Site. 

 

4.3 Site-specific Cleanup Levels  

 

The Site-specific COCs include PCBs and the metals copper, lead, zinc and nickel.  PCBs were used as 

a manufacturing component during World War II-era operations. Copper and lead are known to have 

been used on the Site in the manufacture of wire and cable.  As discussed in Section 3.2.3, an 

evaluation of zinc and nickel in sediments suggests a pattern consistent with one or more of the 

potential OU-1 sources.    

 

Some of the remaining metals may be associated with the ash and furnace slag that comprises much of 

the fill beneath the property and was commonly used throughout this reach of the Hudson River.  This 

fill material may have been discharged into sediments by erosion along the shore.  Concentrations of 

arsenic, mercury, silver, cadmium, and chromium do not correlate with potential OU-1 source areas.  

Mercury and cadmium levels are consistent with background, which suggests a regional or upstream 

contaminant source and/or atmospheric deposition.  Silver and chromium were not identified as Site-

related COCs in OU-1.  Therefore, Site-specific Cleanup Levels will not be established for arsenic, 

mercury, silver, cadmium, and chromium.  

 

Site-specific Cleanup Levels are necessary for total PCBs, copper, lead, nickel, and zinc as required by 

DER-10 Chapter 4.1(c)(2)(vi).   

 

The Site-specific Cleanup Level for total PCBs is 1 ppm as previously presented in the OU-2 PRAP. 

The Site-specific Cleanup Levels for copper, lead, nickel and zinc are based on Preliminary Remedial 

Goals (PRGs) that have been established for these Site-specific COCs. NYSDEC has stated that 

establishment of Modified Remedial Goals (MRGs) for metals based on a toxicity assessment will be 

completed prior to Remedial Design and will establish revised Site-specific Cleanup Levels for these 

metals.  These revised Site-specific Cleanup Levels will be applied to design of the selected remedy to 

determine the actual areal and vertical extent of the remedial action within the geometry defined by the 

selected remedy. 
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Preliminary Remedial Goals (PRGs) for metals have been established based on the revised sediment 

metals Site-specific background concentration values (see Appendix G) as presented below. 

 Site-specific Cleanup Levels for Metals Contaminants  

      
Contaminant 

ER-La  

(ppm) 

Background  

(ppm) 

PRGb  

(ppm) 

MRGc  

(Basis for MRG) 

ER-Ma  

(ppm) 

Copper 34 129 129 Pendingd 270 

Lead 46.6 132 132 Pendingd 213 

Nickel 20.9 35 35 Pendingd 51.5 

Zinc 150 233 233 Pendingd 410 
a ER-L = Effects Range - Low and ER-M = Effects Range - Median are NYSDEC screening 

values and do not include Site-specific factors.  
b PRG - Preliminary Remedial Goal (greater of ER-L or background)  
c MRG - Modified Remedial Goal (greater of ER-L, background or toxicity assessment) 
d Pending completion of a Toxicity Assessment based on the scope described  in Appendix E  

 

Table II summarizes each Site-specific COC by the range of maximum concentration within various 

intervals and the number of sample locations with a maximum concentration that exceeds the PRGs 

listed above.
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5. GENERAL RESPONSE ACTIONS 

 

 

5.1 General Response Actions 

 

General Response Actions (GRA) are media-specific measures which may be used to satisfy the RAOs. 

GRAs may include no action, monitored natural recovery, institutional controls, in-situ treatment, 

containment, removal, disposal, or a combination of these options. 

  

5.1.1 Media - Sediment 

 

The adversely impacted media in OU-2 consists of sediment.  The extent of impacted sediment 

within OU-2 was estimated to be 13.9 acres.  The following GRAs have been identified for 

sediment: 

 

 No Action – No action was retained. 

 

 Monitored Natural Recovery – Monitored natural recovery is the process by which a 

natural system’s ability to attenuate contaminants at a specific site is confirmed, 

monitored and quantified.  Contaminant concentrations may attenuate in natural systems 

through biodegradation; sorption; chemical or biological stabilization; transformation; 

dispersion; dilution and/or the destruction of contaminants. 

 

 Institutional Controls – Institutional controls are any non-physical means of enforcing a 

restriction on the use of real property that limits human or environmental exposure, 

restricts the use, provides notice to potential owners, operators, or members of the 

public, or prevents actions that would interfere with the effectiveness of a remedial 

program or with the effectiveness and/or integrity of site management activities at or 

pertaining to a site. 

 

 Beneficial Use – Beneficial use includes various options that involve using sediment 

from the Site as construction material and manufactured products, either in its 

essentially original form or after substantial alteration of the sediment character. 

 

 In-Situ Treatment – In-situ treatment is accelerating the degradation of or immobilizing 

contaminated sediment in place through various in-situ treatment technologies. 

 

 Containment – Containment is the covering of contaminated areas with various 

materials to prevent or mitigate contaminated sediment erosion, mobility, and 

environmental exposure. 

 

 Removal – Removal is removing contaminated sediment, through various technologies, 

for treatment, transportation, disposal, reuse etc. to result in a permanent or significant 

reduction in the volume of contaminated sediment. 

 

 Hydraulic Isolation and Controls – Hydraulic isolation and controls is constructing 

various structures to modify river flow patterns, divert main flows, enhance deposition, 

minimize erosion potential, and reduce contaminant mobility and environmental 

exposure. 
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 Disposal – Disposal, through various on-Site and off-Site methods, is destroying or 

placing removed and dewatered sediment in a permanent location for final deposition. 

 

 Ex-Situ Treatment – Ex-situ treatment is reducing the toxicity of, reducing the volume 

of, recovering contaminants from, accelerating degradation of, or immobilizing 

removed contaminated sediment. 
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6. IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

 

 

6.1 General  

 

The following guidance is provided within NYSDEC DER-10, Technical Guidance for Site 

Investigation and Remediation (NYSDEC, 2010): 

 

“In this step of the process: 

  

 Technology types and process options that are appropriate to the Site-specific conditions and 

contamination are identified for each of the general response actions 

 

o Technology types include, but are not limited to, general categories 

 

o Process options that correspond with the technology types are identified.   

 

 Identified technologies are then screened, on a medium specific basis to identify those that are: 

 

o technically implementable; and  

 

o can, either alone or in combination with other technologies, meet the RAOs.   

 

 Pilot tests may be conducted or more data collected to support the feasibility of a technology, if 

applicable or requested by DER.   

 

 Technologies that are not technically implementable shall be dropped from further 

consideration; and 

 

 Technologies that remain are used in the next step to assemble alternatives.” 

 

 “Give preference to presumptive remedies where they are available to address the 

contamination identified.  If a presumptive remedy is applicable: 

 

o  The list of presumptive remedies provided in applicable DER guidance should be used 

to identify the appropriate presumptive remedy.”   

 

Presumptive remedies are technologies or approaches appropriate for the remediation of specific types 

of contamination which, based on historical patterns of remedy selection and DEC’s scientific and 

engineering evaluation of performance data, can be used to accelerate the remedy selection process (see 

6 NYCRR 375-1.2(ai)). 

 

Presumptive Remedies 

 

Media applicable technologies presented within NYSDEC DER-15, Presumptive/Proven Remedial 

Technologies (NYSDEC, 2007) are provided below and were evaluated for the Site. 
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Presumptive remedies for excavated sediment: 

 

 Thermal Desorption 

 Incineration 

 Excavation/Off-Site Disposal 

 

Presumptive remedies for metals in sediment: 

 

 Immobilization 

 Excavation/Off-Site Disposal 

 

6.1.1 Technology Screening Methodology 

 

First, a preliminary screening of technologies was conducted to evaluate if the GRA or 

technologies are appropriate for the remediation of Site-specific media, Site-specific COCs and 

other Site-specific conditions. 

 

Second, following the preliminary screening, GRAs, technologies and technology process 

options were evaluated based on effectiveness and implementability and ability to meet RAOs. 

 

 Effectiveness includes the degree to which a technology prevents significant threats to 

human health and the environment, and reduces toxicity, mobility, and/or volume 

through treatment.  Both short-term and long-term effectiveness was evaluated, short-

term referring to the construction and implementation period and long-term referring to 

the period after the selected remedy is implemented. 

 

 Implementability encompasses the technical and administrative feasibility of 

implementing a process or technology including the permitting, construction, operation, 

maintenance, and monitoring of a remedy and all associated institutional controls. 

 

For technologies with multiple retained process options, this evaluation also identified a process 

option or combination of process options that were utilized by this RFS as a baseline for the 

comparison of remedial alternatives.  Retained process options which were not utilized will be 

evaluated further during Remedial Design (e.g. methods for transportation).   

 

Through this process, technologies that are technically infeasible or are unlikely to be 

successfully implemented at the Site were screened out and not retained for further 

consideration. 

 

Site-specific factors relevant to the evaluation include: 

 

 Sediment as the primary media 

 PCBs, copper, lead, nickel and zinc as COCs with Site-specific Cleanup Levels 

 Other conditions include river, shore and sediment characteristics 

 

The technology screening and evaluation considers PCBs as the primary COC because it is 

often co-located with metals contamination and addressing PCBs will generally be the most 

significant factor in the evaluation of technologies. 
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6.1.2 Preliminary Technology Screening 

 

GRAs and technologies were identified and screened for appropriateness with respect to Site-

specific media, Site-specific COCs and other Site-specific conditions.  GRAs and technologies 

not screened out are evaluated in Section 6.2.  The following GRAs and technologies were 

determined to be not appropriate for the Site and the basis of screening for each is provided 

hereafter. 

 

 Beneficial Use 

– Beneficial Use within Construction Material 

– Beneficial Use within Manufactured Products 

 In-Situ Treatment 

– In-Situ Biological Treatment 

– In-Situ Physical Treatment 

– In-Situ Chemical Treatment 

 

 Hydraulic Isolation and Controls 

– Sedimentation and Flow Controls 

 

 Ex-Situ Treatment (On-Site) 

– Ex-Situ Physical Treatment 

– Ex-Situ Chemical Treatment 

– Ex-Situ Thermal Treatment 

 

6.1.2.1  Beneficial Use 

 

The Beneficial Use GRA includes two potential technologies that consider reuse of 

removed sediment as construction material or manufactured products. 

 

A. Beneficial Use within Construction Material 

 

Construction material consists of various beneficial use options which involve 

off-Site use of sediment that meets specified minimum physical and chemical 

requirements in essentially its original form following some pre-treatment such 

as dewatering.  Such materials include construction fill, landfill cover, and 

mined land reclamation. 

 

Construction material would require rigorous confirmatory testing, and it is 

unlikely that the beneficial uses for PCB- and metal-contaminated, sulfide-

containing, estuarine sediments would be approved.  Sediments containing 

estuary water may be saline and require flushing prior to beneficial use.  

Beneficial Use within Construction Material was not retained. 

 

B. Beneficial Use within Manufactured Products 

 

Manufactured products consist of various beneficial use options that involve 

substantial treatment and alteration of the sediment character following 

decontamination or thermal treatment.  Such products include cement, 

aggregate, bricks, fiberglass, tile products, and stabilized fill. 
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Reuse in manufactured products would require rigorous confirmatory testing, 

and it is unlikely that the beneficial uses for PCB- and metal-contaminated, 

sulfide-containing, estuarine sediments would be approved.  Sediments 

containing estuary water may be saline and require flushing prior to beneficial 

use.  Beneficial Use within manufactured products was not retained. 

 

6.1.2.2  In-Situ Treatment 

 

The in-situ treatment GRA is a presumptive technology that includes three technology 

options that consider biological, physical or chemical treatment to reduce the toxicity or 

mobility of existing sediment contamination.  This GRA would be difficult to 

implement for loose saturated sediments in a deep river bottom environment, such as 

the tidal Hudson River. 

 

A. In-Situ Biological Treatment 

 

Biological treatment consists of accelerating contaminant biodegradation by in-

place modification of physical, chemical, and/or biological conditions such as 

microbial population and nutrient supply. 

 

Biological treatment is not widely available or proven for PCBs.  Implementing 

biological treatment and achieving low concentrations of PCB contaminants 

within a reasonable timeframe would prove difficult.  In-situ biological 

treatment was not retained. 

 

B. In-Situ Physical Treatment 

 

Physical treatment consists of immobilizing contaminated sediment in-place 

through the use of commercial or proprietary admixtures that solidify, stabilize 

or encapsulate the contaminated sediments or contaminants. 

 

Physical treatment is not amenable for saturated, highly organic sediments.  In-

situ physical treatment was not retained. 

 

C. In-Situ Chemical Treatment 

 

Chemical treatment can reduce the toxicity of existing sediment contamination. 

It is difficult to implement for loose saturated sediments in a deep river bottom 

environment, such as tidal Hudson River and is not amenable for remediation 

of PCBs. 

 

In-situ chemical treatment was not retained. 

 

6.1.2.3  Hydraulic Isolation and Controls 

 

The hydraulic isolation and controls GRA includes one potential technology that 

considers flow controls within the River to enhance MNR though natural deposition. 
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A. Sedimentation and Flow Controls 

 

Sedimentation and flow controls involves constructing permanent submergent 

or emergent structures perpendicular, parallel or angled to the shore along the 

Site in the river to modify river flow patterns, divert main flows, enhance 

deposition, minimize erosion potential, and reduce contaminated sediment 

mobility and environmental exposure.  Such structures include groins, 

breakwaters, jetties, dikes, berms, and vanes.  Enhancement of natural 

sedimentation could provide both a physical and chemical isolation layer 

between existing contaminated sediments and potential receptors. 

 

The long-term stability of sedimentation and flow controls in tidal environments 

overlying thick, soft Marine Silt limits implementability at the Site.  The effects 

of the controls on erosion and river hydraulics may be difficult to predict 

accurately.  The controls may also impact future waterfront usage and impact 

navigation for small vessel traffic.  Sedimentation and flow controls were not 

retained. 

 

6.1.2.4  Ex-Situ Treatment (On-Site) 

 

The ex-situ treatment GRA includes physical or thermal treatment to reduce the toxicity 

of removed sediment with contamination.   

 

A. Ex-Situ Physical Treatment 

 

Physical treatment consists of immobilization and sediment separation/washing.  

Immobilization includes various customized processes that solidify, stabilize or 

encapsulate contaminated sediments to physically decrease contaminant 

mobility.  Sediment separation/washing as a pre-treatment includes various 

customized water-based treatment processes by which sediment is separated into 

fine and coarse fractions, washed with water (and possible surfactants) to 

concentrate contaminants in the fine fraction and washwater, and reduce the 

volume of contaminated material that requires additional treatment and disposal. 

 

Physical treatment through immobilization requires significantly more 

processing than pre-treatment.  Physical treatment through sediment 

separation/washing is applicable in cases where there is a mixture of 

contaminated fine-grained sediments and relatively uncontaminated coarse-

grained sediments that can be separated and managed separately, whereas the 

Site sediments are predominantly fine-grained.  Ex-situ physical treatment was 

not retained. 

 

B. Ex-Situ Chemical Treatment 

 

Chemical treatment of PCBs consists of solvent extraction and chemical 

dechlorination.  Solvent extraction includes various customized solvent-based 

treatment processes by which contaminants are dissolved from sediments, 

recovered and treated or destroyed.  Chemical dechlorination includes various 

customized chemical treatment processes using catalyst reagents and elevated 
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temperatures to break down chlorinated organic compounds and convert them 

to lower toxicity water soluble materials that are recovered. 

 

Chemical treatment through solvent extraction requires significant processing 

and generates toxic residuals that require further treatment.  The effectiveness 

of chemical treatment through chemical dechlorination is limited by high water 

content and high humic content which are present in the Site sediment.  Finding 

a location to perform on-Site chemical dechlorination for such a large volume 

of contaminated sediment may be difficult, and on-Site dechlorination is likely 

to be more costly than off-Site disposal.  Ex-situ chemical treatment was not 

retained. 

 

C. Ex-Situ Thermal Treatment 

 

Thermal treatment is a presumptive technology that includes on-Site thermal 

desorption and on-Site thermal destruction.  Thermal desorption consists of 

heating soil in a rotary desorber at low temperatures below combustion level to 

volatize organic constituents for recovery by condensation or carbon adsorption 

and subsequent treatment.  On-Site thermal destruction involves various 

combustion processes that heat sediment through different methods to 

temperatures high enough to destroy organic contaminants. 

 

Thermal treatment through thermal desorption of saturated fine-grained 

sediment may reduce PCB concentrations but would be costly with little benefit 

if residuals must be landfilled off-Site due to other COCs.  Thermal desorption 

does not treat metals, and on-Site treatment is likely to be more costly than off-

Site disposal.  Thermal treatment through on-Site thermal destruction is not 

implementable due to difficulties with permitting.  Ex-situ thermal treatment 

was not retained. 

 

6.2 Technology Screening 

 

In this section GRAs, technologies and technology process options not screened out in Section 

6.1.2 were further screened and evaluated based on their effectiveness and implementability and 

ability to meet the RAOs.  For technologies with multiple retained process options, an 

evaluation identified a process option or combination of process options that will be utilized by 

this RFS as a baseline for the comparison of remedial alternatives.  Retained process options 

which were not utilized will be evaluated further during Remedial Design.   

 

A summary of this screening is presented in Table III.  The table also includes the results of the 

utilization evaluation for the technologies which were retained. 

 

The following sub-sections describe the characteristics of each retained GRA, the technologies 

within that GRA, and specific process options within the technologies and provide the basis for 

the decision to retain or not retain and utilize or not utilize each process option for the 

development of the various remedial alternatives. The following GRAs and technologies were 

identified as appropriate for the Site and require further evaluation of effectiveness and 

implementability to determine if they should be retained and utilized. 
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 No Action 

 

 Monitored Natural Recovery (MNR) 

– Long-term monitoring 

 

 Institutional Controls 

– Access and Site use restrictions 

 

 Containment 

– Subaqueous Capping 

– Non-Subaqueous Capping 

 

 Removal 

– Remedial dredging 

– Turbidity control / energy barriers 

– Site dewatering and excavation 

– Subaqueous Backfill 

– Off-Site sediment transportation 

– Sediment dewatering 

 

 Disposal 

– Off-Site Disposal 

– On-Site Disposal 

– On-Site Reuse 

 

6.2.1 No Action 

 

6.2.1.1  No Action – Non-Technology Based 

 

No Action was retained to comply with regulatory guidance that a No Action alternative 

be retained as a baseline for evaluation (see Table III). 

 

6.2.2 Monitored Natural Recovery 

 

Monitored natural recovery refers to the monitoring of naturally occurring processes such as 

sedimentation and contaminant mobilization.  Monitored natural recovery includes long-term 

monitoring as a technology. USEPA defines natural recovery as, “a remedy for contaminated 

sediment that typically uses ongoing, naturally occurring processes to contain, destroy, or 

reduce the bioavailability or toxicity of contaminants in sediment” (USEPA, 2005). 

 

6.2.2.1  Long-Term Monitoring 

 

Long-term monitoring to identify any changes in potential exposures includes 

monitoring of sediment quality, surface water quality, biota tissue, sediment erosion 

and deposition, and land uses was retained (see Table III).  This technology is 

implementable and can, in combination with other technologies, meet the RAOs.   
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6.2.3 Institutional Controls 

 

Institutional controls refer to administrative and legal controls that reduce the potential for 

human exposure by limiting land or resource use.  Institutional controls include notification of 

appropriate government agencies with authority for permitting potential future activities which 

could impact the implementation and effectiveness of the remedy, access and Site use 

restrictions, and Site Management Plans.   

 

6.2.3.1  Access and Site Use Restrictions 

 

Access and Site use restrictions through land use and deed restrictions, fishing and fish 

consumption health advisories, and restrictions on dredging of contaminated sediment 

and Site Management Plans, which collectively are considered a single process option, 

were retained (see Table III).  Access and Site use restrictions were utilized in the 

development of the various remedial alternatives.  This technology is implementable 

and can, in combination with other technologies, meet the RAOs. 

 

6.2.4 Containment 

 

Containment seeks to prevent further migration of contamination.  Containment includes 

subaqueous capping and non-subaqueous capping as technologies. 

 

6.2.4.1  Subaqueous Capping 

 

Subaqueous capping is a containment technology which places clean granular materials 

over post-dredge residual sediments or undisturbed contaminated sediments to isolate 

the contamination from the environment and benthic organisms.  Varying cap materials 

and thicknesses are incorporated into the alternatives to create a barrier between 

contaminated sediment and benthic organisms, and fish or other wildlife that feed on 

benthic organisms. 

 

According to Palermo et al. (1998), subaqueous caps need to perform four primary 

functions: 

 

 Physically isolate the contaminated sediment from the aquatic environment, 

including benthic organisms and other receptors. 

 

 Resist unacceptable erosion, thereby preventing resuspension and transport of 

COCs. 

 

 Reduce or prevent the potential for transport of contaminants into surface cap 

materials and the overlying water column. 

 

 Be considerate of local aquatic habitat conditions. 

 

The cap reduces exposure by isolating the contamination from the environment and 

preventing further resuspension and transport of contaminated sediments (USEPA, 

2005). Subaqueous caps at sites with similar conditions to this Site are typically 1 to 3 

ft thick to provide isolation from residual contamination and to reduce the transport of 

residual contaminants into the water column. As previously presented in the PRAP, 
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capping or backfill of dredge areas will be designed to allow deposition of river 

sediments and development of the natural habitat. 

 

Subaqueous capping includes the following process options: 

 

 Active cap 

 Pervious cover (armoring only) 

 Low permeability cap 

 

Each of these process options was retained for further evaluation. 

 

A. Utilization for Feasibility Study Evaluation 

 

 Active cap 

 

Active capping incorporates a chemical isolation layer in the cap and is 

effective in adsorbing contaminants as they migrate through the cap 

system.  The potential for future release of the concentrated 

contaminants through the active layer is mitigated by the placement of 

other materials for stability and erosion resistance. This technology is 

implementable and can, in combination with other technologies, meet 

the RAOs.   

 

Active capping was utilized in the development of the various remedial 

alternatives. 

 

 Pervious cover (armoring only) 

 

A pervious cover would not include a chemical isolation layer and is 

therefore not effective in areas with PCB contamination since it cannot 

be applied consistently for various alternatives.  This technology is 

implementable but may not, either alone or in combination with other 

technologies, meet the RAOs.  Because active capping is a more 

effective measure, this option was not selected. 

 

A pervious cover (armoring only) was not utilized in the development 

of the various remedial alternatives. 

 

 Low permeability capping 

 

Low permeability caps may be constructed using natural (e.g. clay) or 

manufactured products (e.g. liners, engineered fill). 

 

Natural fine-grained soils, such as clay, are not practical to install as a 

low permeability barrier in the Hudson River, since the clay must be 

carefully placed and compacted to achieve low hydraulic conductivity.  

Careful placement and compaction under water is very difficult, and 

clay loosely spread under water would not provide an effective 

hydraulic barrier. 
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Geosynthetic clay liners (GCLs) are comprised of a thin layer of dry 

bentonite clay sandwiched between two geomembranes.  Installation of 

these sheet materials would be complicated at this Site because of deep 

water, varying currents, and waves, and would require removal of all 

subaqueous obstructions, such as piles.  The geomembranes would be 

subject to future damage from currents and debris deposited at the 

mudline. 

 

A composite low-permeability barrier layer (e.g. Aquablok
®
) may be 

designed for underwater applications.  Aquablok
®
 is a composite clay-

gravel “capping system” that uses a proprietary blend of clay minerals, 

polymers, and other additives surrounding a heavy aggregate nucleus.  

The heavy nucleus carries the clay and other additives to the bottom, 

where these materials hydrate and swell, creating a barrier.  Since the 

Aquablok
®
 barrier is a particulate system, it would readily allow gas 

and water bubbles that form under it to escape as “burps”.  “Burps” 

would occur when the underlying gas and/or water pressure exceeds the 

weight of the overlying cap materials, creating a temporary breach, or 

window, in the barrier.  These temporary windows would be self-

healing as the Aquablok
®
 material seals itself after the bubble escapes.  

However, formation of windows would temporarily negate the primary 

function of a barrier, since contained gas and porewater would escape 

into the overlying cap materials and water column.   

 

This technology may not be implementable but can, in combination 

with other technologies, meet the RAOs.  Low permeability capping 

was not utilized in the development of the various remedial alternatives. 

 

6.2.4.2  Non-subaqueous capping  

 

Non-subaqueous capping would include the modification of the existing shore to 

convert areas to upland.  This is a containment technology for sediment (and soil) 

contamination.  This technology is implementable and can, in combination with other 

technologies, meet the RAOs.  Non-subaqueous capping using the process option of a 

Northwest Extension was retained (see Table III) and was utilized in the development of 

the various remedial alternatives. 

 

6.2.5 Removal 

 

Removal is a presumptive technology that includes the excavation or dredging, transportation, 

and disposal of the soils or sediment containing Site-related compounds of concern.  Removal 

includes dredging, turbidity control and energy barriers, site dewatering, excavation, sediment 

dewatering, subaqueous backfill, and off-Site sediment transportation as technologies. 

 

6.2.5.1  Remedial Dredging 

 

Removal by dredging of contaminated subaqueous sediment from an aquatic 

environment results in a permanent or significant reduction in volume of contaminated 

media at the Site (Bridges et. al, 2008).  This technology removes distinct volumes of 

contaminated sediment that exceed the Site-specific Cleanup Levels using 
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environmental dredging in areas as defined by the current dataset.  Environmental 

dredging may allow for reuse of removed contaminated sediments (USEPA, 2005). 

 

Dredging includes the following process options: 

 

 Mechanical dredging 

 Hydraulic dredging 

 Pneumatic dredging 

 

Each of these process options were retained (see Table III).  For purposes of this RFS, 

the following evaluation was completed to determine which of the process options 

should be utilized in the development of the various remedial alternatives. 

 

A. Utilization for Feasibility Study Evaluation 

 

 Mechanical dredging 

 

Mechanical dredging methods are adaptable for removing coarse trash 

and debris and removing sediment from an irregular river bottom. The 

reach of mechanical methods allows for the dredging of sediment in 

shallower portions of the Nearshore or Deepwater Areas without 

requiring the barge to enter the shallow locations, where vessel draft or 

wave activity may pose difficulties for hydraulic methods.  Mechanical 

methods, including clamshell grab bucket dredging, hydraulic arm 

bucket (dipper) dredging, and specialty dredging, have the ability to 

remove sediment at its near in-situ water content with minimal 

disturbance of sediment or slurrying or volume increase.  The solids 

and water treatment requirements associated with mechanical dredging 

are significantly less than those associated with hydraulic dredging, and 

mechanical dredging allows for the segregation of sediment from 

different areas for input to different processing trains.  Settling basins 

and pipelines are not needed for the mechanical dredging of sediment. 

 

Mechanical dredging may be the only dredging technology effective in 

debris-rich areas.  Dredging operations, multi-step sequencing, 

sediment re-suspension, horizontal and vertical positioning, footprint 

overlaps, spillage and over-dredging must be carefully controlled, with 

use of detailed maps and calibrated real-time instrumentation, 

coordinated with tidal flows. 

 

This technology is implementable and can, in combination with other 

technologies, meet the RAOs.  Mechanical dredging was utilized in the 

development of the various remedial alternatives. 
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 Hydraulic dredging 

 

Hydraulic dredging methods would be limited at this Site.  The river 

bottom must be made sufficiently free of trash and debris to enable 

efficient hydraulic dredging without pipeline plugging, spillage, or 

excessive downtime.  Therefore, mechanical equipment must be readily 

available to assist with removal of trash and debris that cannot be 

pumped and should not be pushed aside.  Holding the dredge line and 

grade (drift and bobbing) can be difficult in a windy or wave and 

current dominated area.  The water depth in Nearshore Areas may not 

be sufficient to accommodate vessel draft.  The large quantity of slurry 

water generated must be stored and managed, requiring significant 

space allocation.  A high degree of coordination is necessary between 

the dredge plant and the slurry processing area.  Hydraulic dredging 

has a high sensitivity to unforeseen variation in sediment character or 

consistency such as variable bathymetry, variable sediment texture and 

consistency, variable solids content, and variable vegetation content. 

 

This technology may not be implementable but can, in combination 

with other technologies, meet the RAOs.  Hydraulic dredging was not 

utilized in the development of the various remedial alternatives. 

 

 Pneumatic dredging 

 

Pneumatic dredging has certain limitations at this Site.  Pneumatic 

dredging can prove difficult with debris in sediment, and is not 

commonly available in the U.S.  Specialty technologies may be difficult 

to bid competitively because of limited availability. 

 

This technology may not be implementable but can, in combination 

with other technologies, meet the RAOs.  Pneumatic dredging was not 

utilized in the development of the various remedial alternatives. 

 

6.2.5.2  Turbidity Control and Energy Barriers 

 

A significant short term and potential long-term impact of dredging is re-suspension of 

sediment during dredging and other near shore activities (e.g., pile removal, 

excavation, utility removals, etc.).  Turbidity control and energy barriers are used to 

contain resuspended sediments and prevent the particles from being transported outside 

of the contained area. 

 

Turbidity control and energy barriers include the following process options: 

 

 Conventional silt curtain 

 Sheet piling 

 Turbidity control augmentations  
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Each of these process options were retained (see Table III).  For purposes of this RFS, 

the following evaluation was completed to determine which of the process options 

should be utilized in the development of the various remedial alternatives. 

 

A. Utilization for Feasibility Study Evaluation 

 

 Conventional silt curtain 

 

Silt curtains can be deployed in water depths up to 20 ft deep with 

limitations on river velocities and wave forces.  Based on Site-specific 

conditions (including tidal fluctuations), a conventional silt curtain 

would likely be effective at a mudline depth of El. -15 and therefore is 

adopted as the basis for this RFS.  However, silt curtain turbidity 

control is ineffectual in areas with the high river velocities and water 

depth found in the Deepwater Area.   

 

The curtains would be placed in a configuration parallel to the river 

current or combined with an energy barrier or deflector at the upstream 

end.  They would also be placed in a relatively restricted low flow area, 

as they are flexible and deflect in response to flow.  To minimize the 

potential damage from storms and to avoid high spring flows, silt 

curtains could be deployed for strategic construction periods.  The 

materials, fabrics, and styles can be adapted so that the floating booms 

use absorbents to capture floating oils and debris.  Anchoring and 

weighting systems can be adapted so that the silt curtain would be 

secured in place against storms or currents.  The resuspension and 

redistribution of contaminated sediment would be further mitigated by 

deployment of a double wall system, where two parallel, separately 

anchored curtains are spaced approximately 10 ft apart.  The river-side 

outer curtain (a permeable heavy-gauge high strength geotextile with 

suitably high floats to resist wave action) would serve as an energy 

absorbing pervious geotextile, and the inner curtain would serve to 

contain resuspended sediment within the work area. 

 

This technology is implementable and can, in combination with other 

technologies, meet the RAOs.  Conventional silt curtain was utilized in 

the development of the various remedial alternatives. 

 

 Sheet piling 

 

Sheet piling has certain limitations at the Site.  The impervious nature 

of the sheet piling would require the walls to resist significant forces 

from the river current.  Therefore, it would be necessary to drive the 

sheet piles to great depths to achieve stability.  Such a deployment 

would not be feasible because of the high costs associated with the 

installation in the low strength sediment at the Site. 

 

This technology is not feasibly implementable but can, in combination 

with other technologies, meet the RAOs.  Sheet piling for turbidity 
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control was not utilized in the development of the various remedial 

alternatives. 

 

 Turbidity control augmentations 

 

Turbidity control augmentations include a pile-supported fabric wall 

and floating energy barriers.  

 

A pile-supported fabric wall is not feasible and would require deep 

installation into the low strength sediment.  Furthermore, heavy weight 

fabric would be required to resist wave and current forces and the 

additional abrasion that may occur as a result of the curtain riding up 

and down the wall with waves and currents. 

 

The use of floating energy barriers to deflect or reduce waves and 

currents would likely reduce the generation of resuspended sediment, 

reduce the extent of the re-deposited sediment, and facilitate sediment 

recovery during cleanup passes.  However, there is potential for the 

barriers to significantly increase flow velocity beneath the vessel or 

between the vessel and the shore. 

 

This technology is implementable and can, in combination with other 

technologies, meet the RAOs.  Since a conventional silt curtain was 

utilized in the development of the various remedial alternatives, energy 

barrier turbidity control augmentations were also utilized in the 

development of various remedial alternatives by providing a cost 

allowance.  Turbidity control augmentations will be further evaluated 

during Remedial Design. 

 

6.2.5.3  Site Dewatering and Excavation 

 

Site dewatering and excavation includes the installation of a stable, temporary structure 

to enable dewatering and subsequent excavation of contaminated sediment areas. 

 

Site dewatering includes the following process options: 

 

 Sheet piling 

 Cellular cofferdam 

 

This technology is not feasibly implementable but can, in combination with other 

technologies, meet the RAOs.  As discussed above for sheet piling turbidity control, 

these structures are not feasible and these process options were not retained (see Table 

III). 

 

6.2.5.4  Subaqueous Backfill 

 

Subaqueous Backfill is a technology which places clean granular materials over post-

dredge sediments to restore the post-remedy bathymetry to pre-remedy conditions, to 

the extent feasible.  Varying materials and thicknesses are incorporated based on the 

extent of dredging and applicable erosional forces.  Materials selection may be 
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modified to include additional carbon content as needed to address elevated residual 

contamination (Modified Backfill).  The top 12 inches of of the backfill would be 

achieved through natural deposition as described in the OU-2 PRAP (NYSDEC, 2003). 

 

This technology is implementable and can, in combination with other technologies, 

meet the RAOs.  Subaqueous Backfill was utilized in the development of the various 

remedial alternatives. 

 

6.2.5.5  Off-Site Sediment Transportation 

 

Off-Site sediment transportation is defined as the transportation of dredged sediment to 

off-Site facilities for disposal.  Sediment transportation includes the following process 

options: 

 

 Barge 

 Railroad 

 Truck 

 

Each of these process options were retained (see Table III).  Transportation options are 

dynamic and conditions may change between this RFS and Remedial Design, therefore, 

transportation options will be re-evaluated during Remedial Design.  For the purposes 

of this RFS, the following evaluation was completed to determine which of the process 

options should be utilized in the development of the various remedial alternatives.   

 

A. Utilization for Feasibility Study Evaluation 

 

 Barge 

 

No facilities have been identified that can accept Site wastes directly 

from barges. Initial evaluation indicates that because of trans-shipment 

costs and the risks associated with barge transport of waste, 

transportation for export by barge is not recommended. 

 

This technology may not be implementable but can, in combination 

with other technologies, meet the RAOs.  Off-Site sediment 

transportation by barge was not utilized in the development of the 

various remedial alternatives. 

 

 Railroad 

 

Transportation by rail from the Site to an off-Site waste disposal facility 

may be possible; however, current information has raised 

implementability concerns, including cost and the facility’s capacity to 

accept waste (due to other regional PCB projects).  

 

This technology may not be implementable but can, in combination 

with other technologies, meet the RAOs.  Off-Site sediment 

transportation by rail was not utilized in the development of the various 

remedial alternatives. 
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 Truck 

 

An initial review indicates that trucking would be the most cost 

effective and reliable method of transportation. 

 

This technology is implementable and can, in combination with other 

technologies, meet the RAOs.  Off-Site sediment transportation by 

truck was utilized in the development of the various remedial 

alternatives. 

 

6.2.5.6  Sediment Dewatering 

 

Sediment dewatering is a technology which removes excess water from dredged 

materials in preparation for transportation and disposal. 

 

Sediment dewatering includes the following process options: 

 

 Decantation 

 Mechanical filter presses 

 

This technology is implementable and can, in combination with other technologies, 

meet the RAOs.  Each of these process options were retained (see Table III).  For 

purposes of this RFS, the following evaluation was completed to determine which of 

the process options should be utilized in the development of the various remedial 

alternatives. 

 

A. Utilization for Feasibility Study Evaluation 

 

 Decantation 

 

As stated in a previous sub-section, mechanical dredging was utilized as 

the process option for remedial dredging.  Mechanical dredging 

produces material with high solid contents and decantation can 

effectively remove excess water. Decantation would be combined with 

entrainment of additives (e.g. cement kiln dust) to further reduce water 

content. 

 

Decantation was utilized in the development of the various remedial 

alternatives. 

 

 Mechanical filter press 

 

Mechanical filter press is a proven method for dewatering fine-grained 

sediments after the removal of excessive coarse-grained sediments and 

large materials (e.g. debris).  The presence of significant debris in the 

Site sediments would add complexity to the use of a mechanical filter 

press. 

 

Mechanical filter press was not utilized in the development of the 

various remedial alternatives. 
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Sorbent additives may also be utilized to supplement preparation of material for 

transportation and disposal. 

 

6.2.6 Disposal 

 

Disposal is a presumptive technology that includes off-Site disposal, on-Site disposal, and on-

Site reuse as technologies. 

 

6.2.6.1  Off-Site Disposal 

 

Off-Site disposal is defined as disposal of materials at an approved off-Site facility. 

 

Physical characterization (e.g. Paint Filter Test) and chemical characterization (e.g. 

TCLP) would be required for sediment prior to transportation. Removed material 

containing greater than 50 ppm PCBs is a TSCA waste. Landfill disposal is not 

applicable for sediments with greater than 1000 ppm halogenated organic compounds 

such as PCBs. 

 

Off-Site disposal includes the following process options: 

 

 Commercial landfill 

 Commercial incinerator 

 

This technology is implementable and can, in combination with other technologies, 

meet the RAOs.  Each of these process options was retained (see Table III).  For 

purposes of this RFS, the following evaluation was completed to determine which of 

the process options should be utilized in the development of the various remedial 

alternatives. 

 

A. Utilization for Feasibility Study Evaluation 

 

 Commercial landfill 

 

Permitted disposal facilities are available to receive contaminated 

sediment containing PCBs at lower costs than disposal with a 

commercial incinerator. 

 

Commercial landfill was utilized for development of remedial 

alternatives. 

 

 Commercial incinerator 

 

A commercial incinerator is a potentially applicable process option for 

sediments containing greater than 1000 ppm PCBs.  A very small 

quantity of removed materials may contain these concentrations of 

PCBs and this process option will be considered during Remedial 

Design. 

 

Commercial incinerator was not utilized for the development of 

remedial alternatives. 
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6.2.6.2  On-Site Disposal 

 

On-Site disposal is defined as disposal of materials at a designated on-Site location. 

 

On-Site disposal includes the following process options: 

 

 Subaqueous disposal facility 

 Confined disposal facility 

 

This technology is implementable but does not meet the RAOs.  Due to the presence of 

PCBs, subaqueous disposal facility and confined disposal facility were not retained (see 

Table III). 

 

6.2.6.3  On-Site Reuse 

 

On-Site reuse is defined as placement of material in OU-1 below final surface cover.  

On-Site reuse includes the following process option: 

 

 Reuse as subgrade material 

 

Neither the OU-1 ROD nor TSCA prohibit the use of sediments containing less than 10 

ppm PCBs as fill on OU-1.  These sediments would be placed beneath the two foot 

clean cover described in the ROD and subject to suitable deed restrictions as required 

by the OU-1 remedy. In a section of a TSCA Q&A document updated in January 2009, 

with respect to PCBs released prior to April 18, 1978, EPA answered the following 

question:   

 

“Q5:  I found PCBs in soil at concentrations <25 ppm from an old release.  May I 

move this soil freely on-site? May I move it to another site?  May I use it as fill? 

A:  Yes. The PCB disposal rules do not apply to waste that is currently <50 ppm that 

was disposed of, spilled, or otherwise released into the environment prior to April 18, 

1978. “ 

 

This technology is implementable and can, in combination with other technologies, 

meet the RAOs.  Reuse of sediment that is less than Site-specific cleanup goals for 

subsurface soil (10 ppm PCBs), in accordance with DER-10 Table 5.4(e)4, and can 

meet engineering requirements for compacted fill as subgrade material was retained and 

utilized in the development of remedial alternatives and would be preferentially located 

in areas away from the future shore.   

 

6.3 Summary of Utilized Process Options for Development of Remedial Alternatives 

 

6.3.1 Summary of Presumptive Remedies and Conclusions 

 

Preference should be given to presumptive remedies per NYSDEC DER-15 (NYSDEC, 2007). 

 

The technology screening and evaluation considers PCBs as the primary COC because it is 

often co-located with metals contamination and addressing PCBs will generally be the most 

significant factor in the evaluation of technologies. 
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Presumptive remedies for excavated sediment: 

 

 Thermal Desorption 

 

On-site thermal desorption was not retained per Section 6.1.2.4. 

 

 Incineration 

 

On-Site incineration would require the construction of an incinerator, which would not 

be cost effective due to permitting difficulties. As stated in DER-15: 

 

“The use of this technology may be limited by the types and concentrations of 

metals present together with PCBs/pesticides, since some metals, such as arsenic 

and mercury, may volatilize at the incinerator operating temperatures and must 

be captured before process offgases are released into the atmosphere.” 

 

Therefore, on-Site incineration was not retained. Off-Site incineration has been retained 

for further evaluation during Remedial Design. 

 

Excavation/Off-Site Disposal 

 

Excavation and off-Site disposal has been retained per Sections 6.2.5 and 6.2.6 and 

should be incorporated to the extent feasible in the alternatives. 

 

Presumptive remedies for metals in sediment: 

 

 Immobilization 

 

Due to the presence of PCBs in sediment at the Site, in-situ immobilization is not an 

effective remedy in addressing all Site-specific COCs. Therefore, in-situ immobilization 

has not been retained. Ex-situ immobilization has been retained for further evaluation 

during Remedial Design. 

 

 Excavation/Off-Site Disposal 

 

Excavation and off-Site disposal has been retained per Sections 6.2.5 and 6.2.6 and 

should be incorporated to the extent feasible in the alternatives. 

 

6.3.2 Utilized Process Options 

 

Process options which were utilized for the development of the various remedial alternatives in 

Chapter 7 are listed below under the appropriate GRAs and technologies (see Table III): 

 

 No Action 

– Non-technology based 

 

 Monitored Natural Recovery 

– Long-term monitoring 
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 Institutional Controls 

– Access and Site use restrictions 

 

 Containment 

– Subaqueous Capping 

o Active cap 

– Non-Subaqueous Capping 

o Northwest Extension 

 

 Removal 

– Remedial dredging 

o Mechanical dredging 

– Turbidity control and energy barriers 

o Conventional silt curtain 

o Turbidity control augmentations 

– Off-Site sediment transportation 

o Truck 

– Sediment dewatering 

o Decantation 

 

 Disposal 

– Off-Site disposal 

o Commercial landfill 

– On-Site reuse 

o Reuse as subgrade material 
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7. DEVELOPMENT OF ALTERNATIVES 

 

 

7.1 Introduction 

 

This chapter develops comprehensive OU-2 alternatives from the technologies and process options 

retained and utilized in Chapter 6.  The steps in developing the alternatives are: 

 

 identify OU-2 Site areas with unique and differing conditions; 

 

 determine the applicability of utilized technologies to each OU-2 area and present variations for 

consideration (e.g. various dredge depths); 

 

 evaluate each technology or variation, within each OU-2 area, for development and retention of 

area-specific approaches; and 

 

 assemble OU-2 area approaches into comprehensive OU-2 alternatives. 

 

7.2 Identify OU-2 Site Areas 

 

OU-2 was divided into four areas for evaluation based on the nature and extent of DNAPL, the extent 

of rip-rap and differing river conditions (e.g. depth, velocities, and depositional environment). Area 

delineations are shown on Figure 2.  The differing characteristics of these areas determine the 

applicability of the technologies. 

 

7.2.1 Nearshore Area 

 

The portions of OU-2 with river conditions that support implementation of turbidity control 

using conventional silt curtains and that are generally depositional environments have been 

designated as the Nearshore Area.  The Nearshore Area is bounded to the east by the OU-

2/OU-1 boundary line (also identified as MHW in this RFS).  As discussed in Section 6.2.5.2, 

the practical limit for conventional silt curtain deployment at mean water depths of 15 ft for the 

Site conditions, thus defining the western extent of the Nearshore Area at bathymetric contour 

El. -15. 

 

The Nearshore Area is generally net depositional, although there is a possibility for short-term 

erosional events to occur (see Chapter 2 and Appendix B- Depositional Environments). 

 

7.2.2 Backwater Area 

 

The portions of OU-2 with thick sediment deposition and reduced river currents have been 

classified as the Backwater Area. These sub-areas are the South Boat Slip, North Boat Slip, and 

Old Marina.  The Backwater Area is located out of the main river channel, resulting in a higher 

depositional rate (see Appendix B – Depositional Environments).  The Backwater Area was 

formerly subject to maintenance dredging and therefore has up to 10 ft of deposited sediments. 

 

7.2.3 Deepwater Area 

 

The portions of OU-2 that have mean water depths greater than 15 ft and that are exposed to 

stronger river currents and dynamic river conditions (i.e. both depositional and erosional 
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events) have been classified as the Deepwater Area.  The Deepwater Area is bounded in the 

south by a westward extension of the OU-1 property limits.  The northern limit extends 

approximately 300 ft north of the Northwest On-Shore Area to the northern extent of the Old 

Marina. The western limit is bounded by the extents of historical data collection for the Site, 

approximately 400 ft from the existing shore.  As discussed in Chapter 6, silt curtain turbidity 

control would be ineffectual in the Deepwater Area due to the river velocities and water depth. 

 

Site-specific COCs are present in portions of the Deepwater Area.  Additionally, Concentrated 

PCB Material is present in a few isolated locations. 

 

7.2.4 Northwest Off-Shore Area 

 

This area is defined on the east by the OU-2/OU-1 boundary and on the west by the location of 

a proposed DNAPL barrier wall.  This area is distinguished by the presence of rip-rap and PCB 

Material and has been classified as the Northwest Off-Shore Area.  This area is a specialized 

area encompassing parts of what would otherwise be classified as Nearshore and Deepwater 

Areas.  Due to the unique conditions and the presence of DNAPL in the adjacent OU-1 

Northwest On-Shore Area, this OU-2 area requires a remedy selection, design, and 

construction that is integrated with the adjacent Northwest On-Shore Area.   

 

7.3 Determination of Applicability of Technologies and Presentation of Variations 

 

For each of the four OU-2 areas the GRAs and technologies retained in the previous chapter were 

evaluated. The following describes the basis for determining applicability and presents variations for 

evaluation. 

 

 No Action 

 

No Action is required as a design baseline per DER-10. This remedial action assumes the Site 

will be left in its current existing condition, with no containment, removal, monitoring, or 

institutional controls. No Action is applicable and was retained for evaluation of all OU-2 areas. 

 

 Monitored Natural Recovery 

 

According to current NYSDEC guidance (NYSDEC, 1999), If volumes of sediment are large 

and/or difficult to remediate either because of accessibility, sensitivity of the impaired habitat, 

or lack of efficacious technology, further risk management evaluations are warranted.  In 

general the areal extent of the contaminated sediments should be a factor in considering the 

need for, and method of remediation. The same guidance also states:  If a contaminant is not 

persistent (e.g. contaminant concentrations would be expected to fall to acceptable levels within 

six months to a year), and the effect of the contaminant is not severe, then sediment remediation 

may not be necessary.  Even for a persistent contaminant, it may not be necessary to remediate 

the sediments if the contaminated area is a deposition zone, and the natural burying of the 

contaminated sediments beneath the zone of biological activity and availability would be 

expected to occur within a short time, and resuspension of the contaminants was unlikely. In 

these instances, monitored natural recovery would be an acceptable remedial option. 
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 Institutional Controls 

 

Institutional controls are applicable as a primary technology and were retained for areas where 

a depositional environment has already effectively contained sediments having concentrations 

greater than the Site-specific Cleanup Levels (e.g. Backwater Area, Section 7.4.2.2). 

Institutional controls in these areas may include supplemental limited or focused remedial 

actions for localized surface sediment exceedances of the Site-specific Cleanup Levels or MNR.    

 

Institutional controls are also applicable as a supplement to other technologies and approaches 

on an OU-2 area-specific basis and were retained for all areas.  

 

 Containment 

 

Two containment technologies are applicable and have been retained for evaluation: 

Subaqueous Cap and Northwest Extension (Non-subaqueous Cap). 

 

A Subaqueous Cap will provide chemical and physical isolation of in-situ contamination from 

biota and the environment. As the name suggests, this containment technology is placed below 

the water surface. Two variations are available for the cap: placement above the existing 

mudline or placement after sufficient dredging to allow the cap’s final grade to match the 

existing bathymetry.   Due to NYSDEC requirement to restore pre-remedy bathymetry, to the 

extent feasible, the option for placement of a Subaqueous Cap on top of the existing mudline is 

not applicable and is therefore not retained for further consideration. 

 

Material placed into the river following dredging will be subject to approval of NYSDEC and 

the properties of the material will meet applicable or relevant requirements for river fill 

material as described in 6 NYCRR Part 608. 

 

A Subaqueous Cap will restore existing bathymetry to the extent feasible.  The mudline is not a 

static surface as would be found on land, therefore, a Subaqueous Cap would include an 

allowance of 1 ft for restoration of a substrate similar to existing conditions through natural 

deposition (i.e., the sand layer will be 1 ft lower than surrounding bathymetry) as previously 

proposed by NYSDEC in the OU-2 PRAP (NYSDEC, 2003). This 1-ft of deposition is 

estimated to occur in 6-12 years following construction based on sediment deposition rates, 

depending on future river conditions. These estimates were derived from radio-dating of 

sediment cores in the North Boat Slip (Earth Tech, 2000) and supplemental investigation 

radioisotope data  (Parsons, 2006),which identified two locations within the Nearshore Area as 

having sediment accumulation rates of approximately 1.0-1.2 inch/yr over the last 50 years. 

 

A Northwest Extension will provide chemical and physical isolation of in-situ contamination 

from biota and the environment by placing a bulkhead wall off-shore and backfilling the 

enclosed area with lightweight fill to an elevation that matches the post-remedy finished grade 

of OU-1. 

 

 Removal 

 

The one retained removal technology is dredging.  Dredging was evaluated for each area based 

on three different dredge depths: dredge up to 6 ft, dredge up to 10 ft, and practicable dredge.  
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Dredging up to 6 ft below mudline and dredging up to 10 ft below mudline are applicable for 

further evaluation to determine the relative effectiveness of different dredge depths.  Both 

dredge depth options would be followed by placement of clean granular materials (Subaqueous 

Backfill) to support restoration of existing bathymetry.  Material placed into the river will be 

subject to approval of NYSDEC and the properties of the material will meet applicable or 

relevant requirements for river fill material as described in 6 NYCRR Part 608.  Subaqueous 

Backfill will restore existing bathymetry to the extent feasible.  As with a Subaqueous Cap, a 1 

ft allowance would be included for restoration through natural deposition of a substrate similar 

to existing conditions. 

 

To evaluate a “pre-release” condition, the practicable dredge option is applicable to all OU-2 

areas.  The term “Practicable Dredge” denotes the dredging of all the contaminated sediments 

contained within the constructible limits.  

 

The constructible limits for remedial dredging are defined by the constraints for area and depth 

within which dredging operations can be safely conducted for each OU-2 area, including the 

potential use of supplemental stability control measures.  These constraints are based on current 

data and will be refined during Remedial Design.  Constraints include the following and are 

further discussed in Appendix H: 

 

– Nearshore Area dredge depths without supplemental stability control measures could 

extend at least 10 ft below existing mudline, from a 2H:1V slope down from the 

upland.  Nearshore Area dredge would also be constrained by turbidity control 

requirements including: a 5 ft offset from the silt curtain to allow for anchoring and to 

avoid accidental damage and a 4H:1V slope down from that offset to the bottom of the 

physical removal geometry for sediment stability. Dredging depths could extend to El. -

23 (approximately 20 ft of sediment removal) if a substantial temporary bulkhead wall 

is installed. 

 

– Backwater Area dredge depths without supplemental stability control measures could 

extend at least 7 ft and up to 10 ft below existing mudline from a 2H:1V slope down 

from the upland. Dredge depths could extend to El. -23 (approximately 20 ft of 

sediment removal) if a substantial temporary bulkhead wall is installed. 

 

– Deepwater Area dredge depths without supplemental stability control measures could 

extend up to at least 10 ft below existing mudline. Based on the current extents of Site-

specific COCs within sediment in the Deepwater Area, there are no applicable 

limitations to the physical removal extents. 

 

– Northwest Off-Shore Area dredge depths could extend up to El. -38 if substantial 

modifications are made to the DNAPL barrier wall. Northwest Off-Shore Area dredge 

is also constrained by a 2H:1V slope from El. -9 at the OU-2/OU-1 Boundary (the 

bottom of the OU-1 upland excavation). 

 

Compliance with a remedy’s achievement of the remedy-specific objectives will consist of field 

measurement of physical removal geometry and the collection and analysis of compliance 

samples during the implementation of the selected remedy. These compliance samples will 

consist of either documentation samples or confirmation samples, as described below and 

further discussed in Section 7.5. 
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– Documentation samples are collected and analyzed to document the sediment levels 

achieved by the remedy.  A documentation sample is defined as a sample taken after 

removal and before backfill or capping to document the surface sediment concentration. 

These samples are applicable when the removal activities are based on physical removal 

geometry (area and depth) described in the remedy decision document.  Additional 

delineation may be required, including known data gaps, during Remedial Design.  

 

– Confirmation samples are collected and analyzed during the course of a remedial action 

to demonstrate that the remedy has achieved the Site-specific Cleanup Levels identified 

by the remedy decision document. These samples are applicable when the removal 

activities are defined by achieving the Site-specific Cleanup Levels.  

 

 Disposal 

 

Disposal and transportation options are applicable to all areas where sediment removal is 

applicable, and were retained for all OU-2 Site areas. Options specifically include both off-Site 

disposal and on-Site reuse. On-Site reuse of sediment material would include fill under the on-

shore cover in OU-1. 

 

7.4 Evaluation and Retention of Technologies for Area Approaches 

 

7.4.1 Nearshore Area 

 

7.4.1.1  Consideration of Technologies 

 

 Monitored Natural Recovery. MNR is applicable in the Nearshore Area based 

on the data indicating a depositional environment. However, due to the wide 

extent of surface sediments with concentrations above Site-specific Cleanup 

Levels, MNR will not be further considered for the Nearshore Area. 

 

 Institutional controls. Institutional controls as a primary approach is applicable 

in the Nearshore Area. However, due to the feasibility of other technologies, 

Institutional controls as a primary approach will not be further considered for 

the Nearshore Area. 

 

Institutional controls were retained as a supplemental technology for all OU-2 

areas. 

  

 Containment. There are two variations for this area.  

 

– Subaqueous Cap. In order to maintain bathymetry, the area to be 

capped would first be dredged to the depth necessary to place the cap. 

This is a feasible approach in the Nearshore Area and was retained. 

 

– Non-subaqueous Cap.  A Non-subaqueous Cap approach is not 

applicable in the Nearshore Area since there are feasible institutional 

controls, containment and removal options and, therefore, this approach 

was not retained. 
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 Removal. There are three removal variations for this area. 

 

– Dredge (6-ft). A dredge up to 6 ft below mudline with Subaqueous 

Backfill was retained. 

 

– Dredge (10-ft). A dredge up to 10 ft below mudline with Subaqueous 

Backfill was retained. 

 

– Practicable Dredge. A dredge to the constructible limits with 

Subaqueous Backfill was retained for the “pre-release” approach. 

 

7.4.1.2  Further Evaluation of Applicable Variations 

 

No further evaluation for applicability of technologies is required for the Nearshore 

Area.   

 

7.4.1.3  Nearshore Area Approaches 

 

Based on the evaluation of technologies, five approaches were retained for the 

Nearshore Area. These approaches are implementable and, except No Action which is 

required as a design baseline, meet the RAOs.      

 

 No Action  

 Subaqueous Cap, including dredge to depths necessary to place the cap. 

 Dredge (6-ft), including Subaqueous Backfill to restore bathymetry. 

 Dredge (10-ft), including Subaqueous Backfill to restore bathymetry. 

 Practicable dredge, including Subaqueous Backfill to restore bathymetry. 

 

Summary of Retained Approaches in the Nearshore Area 

No Action Containment Removal 

Yes   

 Subaqueous Cap  

  Dredge (6-ft) 

  Dredge (10-ft) 

  Practicable dredge  

 

7.4.2 Backwater Area 

 

7.4.2.1  Consideration of Technologies 

 

 Monitored Natural Recovery. MNR is applicable in the Backwater Area based 

on the data indicating a depositional environment. However, since data 

indicates surface sediments are at Site-specific COC concentrations less than 

Site-specific Cleanup Levels (with localized exceptions), extensive natural 

deposition has occurred and this is a net depositional area, there is no need for 

additional monitoring and MNR will not be further considered. 

 

 Institutional controls. As a primary approach, this is a feasible option within the 

Backwater Area. Known, localized areas of contaminated sediments in the 
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surface layer would be removed to supplement the institutional controls. These 

localized areas would be dredged up to 3 ft and Subaqueous Backfill or a 

Subaqueous Cap would be placed to restore bathymetry. Further evaluation is 

provided below. 

 

Institutional controls were retained as a supplemental technology for all OU-2 

areas. 

 

 Containment. There are two variations for this area. 

 

– Subaqueous Cap. The implementation of a Subaqueous Cap in the 

Backwater Area is a feasible option, and further evaluation is provided 

below. 

 

– Non-subaqueous Cap. A Non-subaqueous Cap approach is not 

applicable in the Backwater Area since there are feasible institutional 

controls, containment and removal options and therefore this approach 

was not retained.   

 

 Removal. There are three removal variations for this area. 

 

– Dredge (6-ft). A dredge up to 6 ft below mudline followed by 

Subaqueous Backfill is feasible in the Backwater Area but may not be 

necessary due to the limited extents of contaminated sediment, further 

evaluation is provided below.   

 

– Dredge (10-ft).  A dredge up to 10 ft below mudline followed by 

Subaqueous Backfill is feasible in the Backwater Area but may not be 

necessary due to the limited extents of contaminated sediment, further 

evaluation is provided below. 

 

– Practicable dredge.  A dredge to the constructible limits with 

Subaqueous Backfill was retained (for the “pre-release” approach). 

 

7.4.2.2  Further Evaluation of Applicable Variations 

 

The Backwater Area presents a unique condition because the majority of contamination 

generally exists well below the surface layer, with the highest concentrations of 

contamination in the North and South Boat Slips more than 10 ft below mudline. In the 

surface layer (top 2 ft), the AWA concentrations within sediment are less than 2 ppm 

PCBs and below background for Site-specific COC metals. The 2 to 4 ft interval of 

sediment shows a similar pattern (see Appendix D). Below is a summary of the AWA 

concentrations in the existing surface sediments. 

 

 

PCBs  Copper Lead Nickel Zinc 

Backwater 1.6 ppm 97.5 ppm 97.5 ppm 26.5 ppm 189.0 ppm 

 

Incorporating a localized dredge of sediments into an institutional controls approach 

reduces the AWA of PCBs to 0.8 ppm, below the Site-Specific Cleanup Level.  
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The differences between a Subaqueous Cap with dredge and dredging to different 

depths are primarily differences in the implementability and cost-effectiveness of the 

variations. Dredging and capping of the entire Backwater Area is implementable, 

though unnecessary since the existing surface sediments provide physical and chemical 

isolation equivalent to an engineered cap (see Appendix I). The cost-effectiveness of a 

Subaqueous Cap for the entirety of the Backwater Area is low, because the increase in 

dredge volume and associated cost removes little additional accessible mass of COCs. 

Therefore, Subaqueous Capping of the Backwater Area was not retained. 

 

Similarly, it is not cost-effective and increases short-term impacts to dredge deeper (up 

to either 6 ft or 10 ft below mudline), since there is a small amount of both PCB and 

metals mass within those intervals in the Backwater Area (see Appendix D).  The 

significant portion of PCB and metals mass is located 12 to 20 ft below existing 

mudline and neither of the 6 ft or 10 ft dredge options would remove that mass. 

Although these dredge options are implementable, they are unnecessary because the 

existing surface sediments provide equivalent physical and chemical isolation. Physical 

isolation is provided due to the depositional nature of the Backwater Area, as shown in 

Appendix B – Depositional Environments. Natural processes are highly unlikely to 

expose the contamination found 12 to 20 ft below existing mudline. Chemical isolation 

is provided by the minimum of 2 ft of sediment with concentrations near or below the 

Site-specific Cleanup Levels (see Appendix C). As discussed in Section 3.4.1.3 and 

Appendix I, existing surface sediment with high TOC can provide a natural chemical 

isolation to high levels of buried contamination. 

 

The following table summarizes the further evaluation of Institutional Controls with 

localized dredge, Subaqueous Cap, dredge (6-ft) and dredge (10-ft) in the Backwater 

Area using criteria defined by DER-10.  This table reflects the relative degree that each 

satisfies each criterion.   A relative comparison among retained variations is presented 

in Chapter 8. 

 

Evaluation of Backwater Area Variations 

  

Overall Protection 

of Human Health 

& Environment 

SCG 

Compliance 
Implementability 

Cost-

Effectiveness 
Retained 

Institutional 

Controls 
High Yes High High Yes 

Subaqueous 

Cap 
High Yes Medium-High Low No 

Dredge  

(6-ft) 
High Yes Medium Low No 

Dredge  

(10-ft) 
High Yes Medium-Low Low No 
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7.4.2.3  Backwater Area Approaches 

 

Based on the evaluation of technologies, three approaches were retained for the 

Backwater Area. These approaches are implementable and, except No Action which is 

required as a design baseline, meet the RAOs.  

 

 No Action. 

 Institutional controls, including localized dredge up to 3 ft with Subaqueous 

Cap or Backfill. 

 Practicable dredge, including Subaqueous Backfill to restore bathymetry. 

 

Summary of Retained Approaches in Backwater 

No Action Institutional Controls Removal 

Yes   

 
Institutional controls w/ 

localized removal 
 

  Practicable dredge  

 

7.4.3 Deepwater Area 

 

7.4.3.1  Consideration of Technologies 

 

 Monitored Natural Recovery.  Due to the extents of contamination and 

inability to effectively implement turbidity control measures during removal 

within the Deepwater Area, a monitored natural recovery approach was 

retained.  

 

 Institutional controls. As a primary approach, this is not applicable to the 

Deepwater Area, because of some limited areas of existing surface 

contamination and because monitored natural recovery is a feasible option.  

 

Institutional controls were retained as a supplemental technology for all OU-2 

areas. 

 

 Containment. There are two variations for this area. 

 

– Subaqueous Cap. A subaqueous cap may be feasible, and further 

evaluation is provided below. 

 

– Non-subaqueous Cap. A Non-subaqueous Cap approach is not 

applicable in the Deepwater Area and therefore was not retained. 

 

 Removal. There are three removal variations for this area.  

 

– Dredge (6-ft). A dredge up to 6 ft below mudline followed by 

Subaqueous Backfill is feasible in the Deepwater Area. Due to the lack 

of turbidity control, further evaluation is provided below. 
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– Dredge (10-ft). A dredge up to 10 ft below mudline followed by 

Subaqueous Backfill is feasible in the Deepwater Area. Due to the lack 

of turbidity control, further evaluation is provided below. 

  

– Practicable Dredge. A dredge to the constructible limits with 

Subaqueous Backfill is retained (for the “pre-release” approach). 

 

Dredging of only Concentrated PCB Material Areas in the Deepwater Area was 

considered as a variation since these areas have the greatest relative PCB mass.  

Dredge of Concentrated PCB Material Areas requires further evaluation prior 

to retention. 

 

7.4.3.2  Further Evaluation of Applicable Variations 

 

The Deepwater Area is approximately 30 acres in size (see Figure 2) with contaminated 

sediment at water depths between 15 and 35 ft. Implementing a Subaqueous Cap over 

all contaminated sediment areas would have a very low implementability and cost-

effectiveness due to the high river velocities, river depth, the limited scour potential, 

lack of turbidity control and the low reliability of placement quality control for a 

Subaqueous Cap in such conditions.  Therefore, this variation was not retained. 

 

Effective turbidity control in deepwater is not feasible and dredging without turbidity 

control will result in mobilizing contaminated sediments to extensive areas located 

downstream.  While the intent of dredging is to remove contaminated sediments from 

the Deepwater Area, the long-term impact of the suspended sediment migration poses a 

more significant threat than the in-situ sediments because the resulting areas impacted 

would far exceed the existing extents of Deepwater Area contaminated sediments.  This 

increase of areal distribution would result in increased short- and long-term impacts to 

biota from ingestion/direct contact with sediments causing toxicity or impacts from 

bioaccumulation through the marine or aquatic food chain. Due to the lack of turbidity 

control and low implementability within the Deepwater Area, both variations of dredge 

(up to 6 ft or 10 ft below mudline) for the entire extent of contamination were not 

retained. 

 

Previous sampling activities have identified localized Concentrated PCB Material Areas 

within the top 6 ft of sediment in the Deepwater Area adjacent to the Northwest Off-

Shore Area. No additional PCB Material was found in the 6 to 10 ft interval.  Dredging 

of defined areas in the absence of turbidity control has a lower potential for 

resuspension of this concentrated material due to the properties of the material.  A 10 ft 

dredge of Concentrated PCB Material Areas is not applicable since the current data 

suggests it is not present deeper than 6 feet. Because deeper dredging would have more 

long-term and short-term impacts due to the lack of turbidity control with no increase in 

long-term protection, it was not retained. Dredge (6-ft) of the Concentrated PCB 

Material Areas with Subaqueous Backfill is cost-effective, implementable and a 

protective option and therefore was retained. 

 

The following table summarizes the further evaluation of a Subaqueous Cap, dredge (6-

ft) or dredge (10-ft) of the entire Deepwater Area and dredge (6-ft) and dredge (10-ft) 

within the Concentrated PCB Material Areas using criteria defined by DER-10.  This 
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table reflects the relative degree that each satisfies each criterion.  A relative 

comparison among retained variations is presented in Chapter 8. 

 

Evaluation of Deepwater Variations 

 

Overall Protection 

of Human Health 

& Environment 

SCG 

Compliance 
Implementability 

Cost-

Effectiveness 
Retained 

Subaqueous 

Cap – Full 

Extents 

High Yes Low Low No 

Dredge  

(6-ft) 
Low No Low Medium No 

Dredge  

(10-ft) 
Low No Low Medium No 

Concentrated 

PCB Material 

Dredge (6-ft) 

High Yes Medium High Yes 

Concentrated 

PCB Material 

Dredge (10-ft) 

High Yes Medium Low No 

 

7.4.3.3  Deepwater Area Approaches 

 

Based on the evaluation of technologies, three approaches were retained for the 

Deepwater Area. These approaches are implementable and, except No Action which is 

required as a design baseline, meet the RAOs.  

 

 No Action. 

 Dredge (6-ft) of Concentrated PCB Material, including monitored natural 

recovery for the non-dredged Deepwater Area. 

 Practicable Dredge, including Subaqueous Backfill to restore bathymetry. 

  

Summary of Retained Approaches in Deepwater 

No Action 
Monitored Natural 

Recovery 
Removal 

Yes   

 Yes 
Dredge (6-ft) within 

Concentrated PCB Material areas 

  Practicable dredge  

 

7.4.4 Northwest Off-Shore Area 

 

7.4.4.1  Consideration of Technologies 

 

 Monitored Natural Recovery. MNR is not applicable in the Northwest Off-

Shore Area based on the area being potentially subject to scour within the 

dynamic environment.  
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 Institutional controls.  Due to the feasibility of other technologies, institutional 

controls as a primary approach will not be further considered for the Northwest 

Off-Shore Area. 

 

Institutional controls were retained as a supplemental technology for all OU-2 

areas. 

 

 Containment.  There are two variations for this area. 

 

– Subaqueous Cap. A subaqueous cap is a feasible approach for 

containment in the Northwest Off-Shore Area. Due to the requirement 

for a structurally stable shore, Subaqueous Cap options will require 

changing the existing bathymetry. These subaqueous containment 

options include a designed slope with a modified Subaqueous Cap 

(Sloped Subaqueous Cap) or a bulkhead wall with a thick berm 

functioning as a Subaqueous Cap (Subaqueous Berm with bulkhead); 

both require further evaluation prior to retention.   

 

– Northwest Extension. A Northwest Extension, as a non-subaqueous 

containment option, may be a feasible approach in the Northwest Off-

Shore Area. This approach requires further evaluation prior to 

retention. 

 

 Removal. There are three removal variations for this area. 

 

– Dredge (6-ft). A dredge up to 6 ft below mudline may be feasible, and 

further evaluation is provided below. 

 

– Dredge (10-ft). A dredge up to 10 ft below mudline may be feasible, 

and further evaluation is provided below. 

 

– Practicable Dredge. A dredge to the constructible limits with 

Subaqueous Backfill was retained (for the “pre-release” approach). 

 

7.4.4.2  Further Evaluation of Applicable Variations 

 

The Northwest Off-Shore Area does not currently meet the required factor of safety for 

slope stability.  Any remedy option in the Northwest Off-Shore Area will need to 

modify the slope to provide the required slope stability factor of safety, therefore it will 

not be possible for the existing bathymetry to be maintained post-remedy.  Geotechnical 

slope stability is discussed in detail in Appendix H. 

 

There are two options to modify the shore: a bulkhead wall can be used to strengthen 

the shore area and create a vertical break between on-shore and off-shore, or a designed 

slope can be constructed which creates a gradual change from on-shore to off-shore. 

   

 Bulkhead Wall 

 

Construction of a bulkhead wall at the OU-2/OU-1 Boundary as required in the 

OU-1 ROD is not feasible because it would be located in the area where 
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DNAPL, Semi-Solid PCB Material, pile obstructions as noted on Figure 7, and 

rip-rap are present. Bulkhead wall construction at the shore would require 

either a berm in the river to support a shallow bulkhead wall, or moving the 

bulkhead wall location inland to avoid the DNAPL, Semi-Solid PCB Material, 

and rip-rap and driving the sheet pile into the Basal Sand.  A bulkhead wall at 

the OU-2/OU-1 Boundary with a berm would impact the river more than other 

feasible options, therefore these variations are not retained. 

 

The second bulkhead wall option would move the bulkhead wall location 

offshore beyond the extent of the DNAPL to avoid driving sheet piles through 

the DNAPL into the Basal Sand, and would avoid the resulting contamination 

of the Basal Sand.  This option (the Northwest Extension) would also facilitate 

continued DNAPL recovery, if necessary, and groundwater O&M. The 

Northwest Extension would cap existing contamination in the Northwest Off-

Shore Area. Due to the significant amount of filling required to construct this 

cap, a dredge (6-ft) or dredge (10-ft) is not applicable since contamination 

would be contained by the Northwest Extension.  The bulkhead wall would 

require a cathodic protection system and the associated long-term O&M.  The 

Northwest Extension option was retained. 

 

 Designed Slope 

 

The other option for design of the shore is to slope the shore.  A Sloped 

Subaqueous Cap is an implementable and cost-effective option in the Northwest 

Off-Shore Area. The angle of slope would be designed to achieve slope 

stability.  Due to the angle of slope necessary for shore stability, much of the 

Northwest Off-Shore Area would be dredged at least 6 ft, equivalent to the 

dredge (6-ft) variation.  Since the depth of the contamination extends greater 

than 10 ft deep, dredging to 10 ft would not remove a significant incremental 

percentage of the OU-2 mass and may not eliminate the need for capping in 

some locations, it is therefore not cost effective and this variation was not 

retained.  Due to the presence of contamination remaining beneath the slope, 

this option would be designed such that the final grade functions as a 

Subaqueous Cap.  Where required, the cap would also be designed with armor 

that would not exceed the size of the existing rip-rap.  This variation was 

retained. 

 

The following table summarizes the further evaluation of a Sloped Subaqueous 

Cap, subaqueous berm with bulkhead, Northwest Extension, dredge (6-ft), and 

dredge (10-ft) in the Northwest Off-Shore Area using criteria defined by DER-

10.  This table reflects the relative degree that each satisfies each criterion.  A 

relative comparison among retained variations is presented in Chapter 8. 
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Evaluation of Northwest Off-Shore Variations 

 

 

Overall 

Protection of 

Human Health & 

Environment 

SCG 

Compliance 
Implementability 

Cost-

Effectiveness 
Retained 

Sloped 

Subaqueous 

Cap 

High Yes High High Yes 

Subaqueous 

Berm with 

Bulkhead 

High Yes Low Low No 

Northwest 

Extension 
High Yes High High Yes 

Dredge  

(6-ft) 
High Yes Medium Low No 

Dredge  

(10-ft) 
High Yes Medium Low No 

 

7.4.4.3  Northwest Off-Shore Area Approaches 

 

Based on the evaluation of technologies, four approaches were retained for the 

Northwest Off-Shore Area. These approaches are implementable and, except No Action 

which is required as a design baseline, meet the RAOs. 

 

 No Action. 

 Northwest Extension. 

 Sloped Subaqueous Cap, including dredge for a designed slope. 

 Practicable Dredge, including a Sloped Subaqueous Cap. 

 

Summary of Retained Approaches in Northwest Off-Shore 

No Action Containment Removal 

Yes   

 Sloped Subaqueous Cap  

 Northwest Extension  

 Sloped Shore Practicable dredge  

 

7.5 Assemble Retained Approaches into Comprehensive OU-2 Alternatives 

 

The retained approaches for each of the four areas have been assembled into nine alternatives. 

Alternatives were assembled in accordance with DER-10. Assembly of retained approaches into 

comprehensive OU-2 alternatives satisfies the intent of the FS process to: 

 

 provide a broad range of alternatives,  

 provide a reasonable number of alternatives for consideration based on Site-specific constraints,  

 include a pre-disposal or practicable condition alternative, and  

 include a no action alternative. 

 

See Table IV for a summary of the comprehensive OU-2 alternatives.   
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7.5.1 Alternative 1 “No Action” 

 
Alternative 1 “No Action” is evaluated as a baseline for comparison with other alternatives, per 

guidance in DER-10 4.1(d)1.  This alternative assumes that the Site would be left in its existing 

condition, with no containment, removal, monitoring, or institutional controls.  

 

7.5.2 Alternative 2 “Nearshore Cap with Dredge (for cap), Northwest Sloped Cap” 

 

Alternative 2 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Subaqueous Cap 
with Dredge to 3 ft 

for cap 

Institutional 

Controls 
with Surface Dredge 

of Localized Areas 

Monitored Natural 

Recovery 
with Dredge up to 6 ft of 

Concentrated PCB 

Material Areas 

Sloped Subaqueous 

Cap 
with Dredge as 

required for sloped cap 

 

Refer to Figure 2 for OU-2 area designations and Figures 8, 17, and 20 for plan and section 

views of Alternative 2, showing extents of removal and containment. This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated). Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill. 

 

Approximately 44 months is required for Alternative 2 pre-construction and construction 

activities. The total project cost is expected to be approximately $74.3 million.  

 

General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   Supplemental, localized dredging 

based on documentation sampling data may be required.  A decision matrix for actions 
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based on the results of the supplemental sampling will be developed during Remedial 

Design (e.g. greater than 10 ppm for PCBs dredge up to 6 ft below mudline).   

 

 During dredging, monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 

 

Subaqueous Cap: 

 

 A Subaqueous Cap will be designed and placed in accordance with applicable standards 

and consist of three layers with a total thickness of approximately 3 ft.  Layer 

thicknesses and materials will be specified during the Remedial Design based on pre-

design investigations and studies.  For the purposes of the RFS, layers are described 

below in order of placement (i.e. deepest to shallowest):  

 

– Chemical isolation layer (6 inches, sand);  

 

– Erosion protection layer  (6 inches, material selection per design standards); 

and 

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural deposition (Allowance of up to 12 inches) 

 

In the Northwest Off-shore Area, a Sloped Subaqueous Cap (a modified Subaqueous 

Cap) would be placed using armor stone instead of the above habitat layer materials to 

provide erosion protection in the Wave Action Zone (WAZ).  This armor stone is 

expected to be similar to, but not larger than, the existing substrate.  Due to the design 

requirements for these materials, the overall thickness may vary. 

 

Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  

 

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 
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 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge up to 3 ft where sediments exceed Site-specific Cleanup Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge up to 3 ft for specific, localized exceedances of Site-specific Cleanup 

Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 

 

 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 

 

Northwest Off-Shore Area 

  

 Turbidity Control:  Install submerged bulkhead wall beyond the toe of rip-rap and other 

obstructions into the Marine Silt, with top of wall at El. -15. This sheeting will not be 

designed to function as a retaining wall or dewatering barrier.  This sheeting will be 

combined with a silt curtain installed during construction to provide turbidity control 

from the surface to the top of the wall.  

 

 Dredge: Dredge as required to construct a stable engineered slope and installation of a 

modified Subaqueous Cap.  

 

 Post-Dredge: Install a Sloped Subaqueous Cap.  Drive or cut submerged bulkhead wall 

to mudline after other remedial work is completed. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL migration control 

through retention of the submerged bulkhead wall). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 
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 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

– Habitat  

o Periodically monitor fish habitat and any habitat enhancements 

 

– Subaqueous Cap Integrity 

o Habitat layer thickness 

Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry for indications of scour within the 

erosion protection layer  

o Maintain erosion protection layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota in 

Backwater and Nearshore Areas  

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

7.5.3 Alternative 3 “Nearshore Dredge (6-ft) and Backfill, Northwest Sloped Cap” 

 

Alternative 3 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Dredge up  

to 6 ft 

Institutional 

Controls 
with Surface Dredge 

of Localized Areas 

Monitored Natural 

Recovery 
with Dredge up to 6 ft of 

Concentrated PCB 

Material Areas 

Sloped 

Subaqueous Cap 
with Dredge as 

required for sloped 

cap 

 

Refer to Figure 2 for OU-2 area designations and Figures 9, 17, and 21 for plan and section 

views of Alternative 3, showing extents of removal and containment. This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated).  Disposal options for removed 
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sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill. 

 

Approximately 44 months is required for Alternative 3 pre-construction and construction 

activities. The total project cost is expected to be approximately $77.9 million.  

 

General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   Supplemental, localized dredging 

based on documentation sampling data may be required.  A decision matrix for actions 

based on the results of the supplemental sampling will be developed during Remedial 

Design (e.g. greater than 100 ppm for PCBs dredge up to 10 ft below mudline). 

 

 During dredging, other monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 

 

Subaqueous Cap: 

 

 A Subaqueous Cap will be designed and placed in accordance with applicable standards 

and consist of three layers which total thickness of approximately 3 ft.  Layer 

thicknesses and materials will be specified during the Remedial Design based on pre-

design investigations and studies.  For the purposes of the RFS, layers are described 

below in order of placement (i.e. deepest to shallowest):  

 

– Chemical isolation layer (6 inches, sand);  

 

– Erosion protection layer (6 inches, material selection per design standards); and 

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches)  

 

In the Northwest Off-shore Area, a Sloped Subaqueous Cap (a modified Subaqueous 

Cap) would be placed using armor stone instead of the above habitat layer materials to 
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provide erosion protection in the Wave Action Zone (WAZ).  This armor stone is 

expected to be similar to, but not larger than, the existing substrate.  Due to these 

materials, the overall thickness may vary. 

 

Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  

 

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge up to 6 ft where sediments exceed Site-specific Cleanup Levels. 

 

 Post-Dredge: Install Subaqueous Backfill.  A Subaqueous Cap is not required since the 

6 ft of backfill materials provide equivalent isolation (see Appendix I).  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge up to 3 ft for specific, localized exceedances of Site-specific Cleanup 

Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 
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 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 

 

Northwest Off-Shore Area 

  

 Turbidity Control:  Install submerged bulkhead wall beyond the toe of rip-rap and other 

obstructions into the Marine Silt, with top of wall at El. -15. This sheeting will not be 

designed to function as a retaining wall or dewatering barrier.  This sheeting will be 

combined with a silt curtain installed during construction to provide turbidity control 

from the surface to the top of the wall.  

 

 Dredge: Dredge as required to construct a stable engineered slope and installation of a 

modified Subaqueous Cap.  

 

 Post-Dredge: Install a Sloped Subaqueous Cap.  Drive or cut submerged bulkhead wall 

to mudline after other remedial work is completed. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL migration control 

through retention of the submerged bulkhead wall). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.).   

 

 Perform long-term monitoring (LTM) and operations and maintenance (O&M) for the 

following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

– Habitat  

o Periodically monitor fish habitat and any habitat enhancements 

 

– Subaqueous Cap Integrity 

o Habitat layer 

o Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry to for indications of scour within the 

erosion protection layer  

o Maintain erosion protection layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota in 

Backwater and Nearshore Areas  
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– Aqueous Biota 

o Periodically survey taxa abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

7.5.4 Alternative 4 “Nearshore Dredge (10-ft) and Backfill, Northwest Sloped Cap” 

 

Alternative 4 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Dredge up  

to 10 ft 

Institutional 

Controls 
with Surface Dredge 

of Localized Areas 

Monitored Natural 

Recovery 
with Dredge up to 6 ft of 

Concentrated PCB 

Material Areas 

Sloped 

Subaqueous Cap 
with Dredge as 

required for sloped 

cap 

 

Refer to Figure 2 for OU-2 area designations and Figures 10, 17, and 22 for plan and section 

views of Alternative 4, showing extents of removal and containment. This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated).  Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill. 

 

Approximately 44 months is required for Alternative 4 pre-construction and construction 

activities. The total project cost is expected to be approximately $78.6 million.  

 

General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   Supplemental, localized dredging 

based on documentation sampling data may be required.  A decision matrix for actions 

based on the results of the supplemental sampling will be developed during Remedial 

Design (e.g. greater than 100 ppm for PCBs dredge up to 10 ft below mudline) 
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 During dredging, other monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 

 

Subaqueous Cap: 

 

 A Subaqueous Cap will be designed and placed in accordance with applicable standards 

and consist of three layers which total thickness of approximately 3 ft.  Layer 

thicknesses and materials will be specified during the Remedial Design based on pre-

design investigations and studies.  For the purposes of the RFS, layers are described 

below in order of placement (i.e. deepest to shallowest):  

 

– Chemical isolation layer (6 inches, sand);  

 

– Erosion protection layer (6 inches, material selection per design standards); and 

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches)  

 

In the Northwest Off-shore Area, a Sloped Subaqueous Cap (a modified Subaqueous 

Cap) would be placed using armor stone instead of the above habitat layer materials to 

provide erosion protection in the Wave Action Zone (WAZ).  This armor stone is 

expected to be similar to, but not larger than, the existing substrate.  Due to these 

materials, the overall thickness may vary. 

 

Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  

 

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 
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 Dredge: Dredge up to 10 ft where sediments exceed Site-specific Cleanup Levels. 

 

 Post-Dredge: Install Subaqueous Backfill.  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge up to 3 ft for specific, localized exceedances of Site-specific Cleanup 

Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 

 

 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 

 

Northwest Off-Shore Area 

  

 Turbidity Control:  Install submerged bulkhead wall beyond the toe of rip-rap and other 

obstructions into the Marine Silt, with top of wall at El. -15. This sheeting will not be 

designed to function as a retaining wall or dewatering barrier.  This sheeting will be 

combined with a silt curtain installed during construction to provide turbidity control 

from the surface to the top of the wall.  

 

 Dredge: Dredge as required to construct a stable engineered slope and installation of a 

modified Subaqueous Cap.  

 

 Post-Dredge: Install a Sloped Subaqueous Cap.  Drive or cut submerged bulkhead wall 

to mudline after other remedial work is completed. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL migration control 

through retention of the submerged bulkhead wall). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 

 

 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 
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– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

– Habitat  

o Periodically monitor fish habitat and any habitat enhancements 

 

– Subaqueous Cap Integrity 

o Habitat layer thickness 

o Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry for indications of scour within the 

erosion protection layer  

o Maintain erosion Protection Layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota in 

Backwater and Nearshore Areas  

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

7.5.5 Alternative 5 “Nearshore Cap with Dredge (for cap), Northwest Extension” 

 

Alternative 5 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Subaqueous Cap 
with Dredge to 3 ft 

for cap 

Institutional 

Controls 
with Surface Dredge 

of Localized Areas 

Monitored Natural 

Recovery 
with Dredge up to 6 ft of 

Concentrated PCB 

Material Areas 

Northwest 

Extension 

 

Refer to Figure 2 for OU-2 area designations and Figures 11, 18, and 20 for plan and section 

views of Alternative 5, showing extents of removal and containment. This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated). Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill. 

 

Approximately 48 months is required for Alternative 5 pre-construction and construction 

activities. The total project cost is expected to be approximately $89.0 million.  
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General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

 Habitat enhancements or mitigation features to offset river impacts may be required; 

these features could include fish cribs or similar structures, submerged aquatic 

vegetation or shore vegetation.  Details will be developed during the Remedial Design.   

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   Supplemental, localized dredging 

based on documentation sampling data may be required.  A decision matrix for actions 

based on the results of the supplemental sampling will be developed during Remedial 

Design (e.g. greater than 10 ppm for PCBs dredge up to 6 ft below mudline).   

 

 During dredging, other monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 

 

Subaqueous Cap: 

 

 A Subaqueous Cap will be designed and placed in accordance with applicable standards 

and consist of three layers which total thickness of approximately 3 ft.  Layer 

thicknesses and materials will be specified during the Remedial Design based on pre-

design investigations and studies.  For the purposes of the RFS, layers are described 

below in order of placement (i.e. deepest to shallowest):  

 

– Chemical isolation layer (6 inches, sand);  

 

– Erosion protection layer (6 inches, material selection per design standards); and 

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches) 
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Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  

 

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge up to 3 ft where sediments exceed Site-specific Cleanup Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge up to 3 ft for specific, localized exceedances of Site-specific Cleanup 

Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 

 

 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 
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Northwest Off-Shore Area 

  

 Turbidity Control:  Install a bulkhead wall beyond the DNAPL and evaluate properties 

of rip-rap in order to install as close to shore as possible. Sheeting will extend to above 

MHW and will act as a turbidity control barrier.  

 

 Dredge: No dredge  

 

 Post-Dredge: On the upland side of the bulkhead wall, place light weight fill on top of 

the existing bathymetry.  Install tie-rods, cathodic protection system and upland 

anchors. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL recovery if required, 

etc.). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 

 

 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

– Subaqueous Cap Integrity 

o Habitat layer thickness 

o Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry for indications of scour within the 

erosion protection layer  

o Maintain erosion protection layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota in 

Backwater and Nearshore Areas  

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

– Bulkhead Wall Integrity 
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o Periodically verify cathodic protection system operation and perform 

maintenance  

o Periodically make observations of general condition 

 

7.5.6 Alternative 6 “Nearshore Dredge (6-ft) and Backfill, Northwest Extension” 

 

Alternative 6 combines the following approaches: 

 

  
Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Dredge up  

to 6 ft 

Institutional 

Controls 
with Surface Dredge 

of Localized Areas 

Monitored Natural 

Recovery 
with Dredge up to 6 ft of 

Concentrated PCB 

Material Areas 

Northwest 

Extension 

 

Refer to Figure 2 for OU-2 area designations and Figures 12, 18, and 21 for plan and section 

views of Alternative 6, showing extents of removal and containment. This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated). Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill.  

 

Approximately 48 months is required for Alternative 6 pre-construction and construction 

activities. The total project cost is expected to be approximately $92.6 million.  

 

General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

 Habitat enhancements or mitigation features to offset river impacts may be required; 

these features could include fish cribs or similar structures, submerged aquatic 

vegetation or shore vegetation.  Details will be developed during the Remedial Design.   

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   Supplemental, localized dredging 

based on documentation sampling data may be required.  A decision matrix for actions 



75 

based on the results of the supplemental sampling will be developed during Remedial 

Design (e.g.  greater than 100 ppm for PCBs dredge up to 10 ft below mudline). 

 

 During dredging, other monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 

 

Subaqueous Cap: 

 

 A Subaqueous Cap will be designed and placed in accordance with applicable standards 

and consist of three layers which total thickness of approximately 3 ft.  Layer 

thicknesses and materials will be specified during the Remedial Design based on pre-

design investigations and studies.  For the purposes of the RFS, layers are described 

below in order of placement (i.e. deepest to shallowest):  

 

– Chemical isolation layer (6 inches, sand);  

 

– Erosion protection layer (6 inches, material selection per design standards); and 

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches)  

 

Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  

 

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge up to 6 ft where sediments exceed Site-specific Cleanup Levels. 

 

 Post-Dredge: Install Subaqueous Backfill.  
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Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge up to 3 ft for specific, localized exceedances of Site-specific Cleanup 

Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 

 

 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 

 

Northwest Off-Shore Area 

  

 Turbidity Control:  Install a bulkhead wall beyond the DNAPL and evaluate properties 

of rip-rap in order to install as close to shore as possible. Sheeting will extend to above 

MHW and will act as a turbidity control barrier.  

 

 Dredge: No dredge  

 

 Post-Dredge: On the upland side of the bulkhead wall, place light weight fill on top of 

the existing bathymetry.  Install tie-rods, cathodic protection system and upland 

anchors. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL recovery if required, 

etc.). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 

 

 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 
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– Subaqueous Cap Integrity 

o Habitat layer thickness 

o Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry for indications of scour within the 

erosion protection layer  

o Maintain erosion protection layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota in 

Backwater and Nearshore Areas  

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

– Bulkhead Wall Integrity 

o Periodically verify cathodic protection system operation and perform 

maintenance  

o Periodically make observations of general condition 

 

7.5.7 Alternative 7 “Nearshore Dredge (10-ft) and Backfill, Northwest Extension” 

 

Alternative 7 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Dredge up  

to 10 ft 

Institutional 

Controls 
with Surface Dredge 

of Localized Areas 

Monitored Natural 

Recovery 
with Dredge up to 6 ft of 

Concentrated PCB 

Material Areas 

Northwest 

Extension 

 

Refer to Figure 2 for OU-2 area designations and Figures 13, 18, and 22 for plan and section 

views of Alternative 7, showing extents of removal and containment This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated). Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill.  

 

Approximately 48 months is required for Alternative 7 pre-construction and construction 

activities. The total project cost is expected to be approximately $93.3 million.  
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General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

 Habitat enhancements or mitigation features to offset river impacts may be required; 

these features could include fish cribs or similar structures, submerged aquatic 

vegetation or shore vegetation.  Details will be developed during the Remedial Design.   

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   Supplemental, localized dredging 

based on documentation sampling data may be required.  A decision matrix for actions 

based on the results of the supplemental sampling will be developed during Remedial 

Design (e.g. greater than 100 ppm for PCBs dredge up to 10 ft below mudline). 

 

 During dredging, other monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 

 

Subaqueous Cap: 

 

 A Subaqueous Cap will be designed and placed in accordance with applicable standards 

and consist of three layers which total thickness of approximately 3 ft.  Layer 

thicknesses and materials will be specified during the Remedial Design based on pre-

design investigations and studies.  For the purposes of the RFS, layers are described 

below in order of placement (i.e. deepest to shallowest):  

 

– Chemical isolation layer (6 inches, sand);  

 

– Erosion protection layer (6 inches, material selection per design standards); and 

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches) 

 

Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 
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during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest): 

  

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge up to 10 ft where sediments exceed Site-specific Cleanup Levels. 

 

 Post-Dredge: Install Subaqueous Backfill.  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge up to 3 ft for specific, localized exceedances of Site-specific Cleanup 

Levels. 

 

 Post-Dredge: Install Subaqueous Cap (or Subaqueous Backfill where dredging achieves 

Site-specific Cleanup Levels).  

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 

 

 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 

 

Northwest Off-Shore Area 

  

 Turbidity Control:  Install a bulkhead wall beyond the DNAPL and evaluate properties 

of rip-rap in order to install as close to shore as possible. Sheeting will extend to above 

MHW and will act as a turbidity control barrier.  

 

 Dredge: No dredge  
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 Post-Dredge:  On the upland side of the bulkhead wall, place light weight fill on top of 

the existing bathymetry.  Install tie-rods, cathodic protection system and upland 

anchors. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL recovery if required, 

etc.). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 

 

 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

– Subaqueous Cap Integrity 

o Habitat layer thickness 

o Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry for indications of scour within the 

erosion protection layer  

o Maintain erosion protection layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota in 

Backwater and Nearshore Areas  

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

– Bulkhead Wall Integrity 

o Periodically verify cathodic protection system operation and perform 

maintenance  

o Periodically make observations of general condition 
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7.5.8 Alternative 8 “Nearshore/Backwater Practicable Dredge and Backfill, Northwest 

Extension” 

 

Alternative 8 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Practicable 

Dredge 

Practicable 

Dredge 

Monitored Natural 

Recovery 
*Dredge Concentrated 

PCB Material 

Northwest 

Extension 

 

Refer to Figure 2 for OU-2 area designations and Figures 14, 18, and 23 for plan and section 

views of Alternative 8, showing extents of removal and containment. This alternative has been 

designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated).  Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill.  

 

Approximately 78 months is required for Alternative 8 pre-construction and construction 

activities. The total project cost is expected to be approximately $185.0 million.  

 

General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 Subaqueous Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

 Habitat enhancements or mitigation features to offset river impacts may be required; 

these features could include fish cribs or similar structures, submerged aquatic 

vegetation or shore vegetation.  Details will be developed during the Remedial Design.   

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth for the areal 

extents that exceed the Site-specific Cleanup Levels.   

 

 During dredging, other monitoring will include, but not be limited to, turbidity control 

effectiveness, COC concentrations, verification that dredge prisms have been achieved, 

and air monitoring of upland material handling. 
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Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  

 

– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge all sediments that exceed Site-specific Cleanup Levels (within 

constructible limits). 

 

 Post-Dredge: Install Subaqueous Backfill.  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of focused dredge. 

 

 Dredge: Dredge all sediments that exceed Site-specific Cleanup Levels (within 

constructible limits). 

 

 Post-Dredge: Install Subaqueous Backfill. 

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge localized areas with Concentrated PCB Material up to 6 ft below 

existing mudline. 

 

 Post-Dredge: Place modified Subaqueous Backfill to support restoration of bathymetry. 

 

Northwest Off-Shore Area 
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 Turbidity Control:  Install a bulkhead wall beyond the DNAPL and evaluate properties 

of rip-rap in order to install as close to shore as possible. Sheeting will extend to above 

MHW and will act as a turbidity control barrier.  

 

 Dredge: No Dredge  

 

 Post-Dredge: On the upland side of the bulkhead wall, place light weight fill on top of 

the existing bathymetry.  Install tie-rods, cathodic protection system and upland 

anchors. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL recovery if required, 

etc.). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 

 

 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

o   

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends 

 

– Bulkhead Wall Integrity 

o Periodically verify cathodic protection system operation and perform 

maintenance  

o Periodically make observations of general condition 

 

7.5.9 Alternative 9 “Practicable Dredge in All OU-2 Areas and Backfill, Northwest Sloped Cap” 

 

Alternative 9 combines the following approaches: 

 

  Nearshore Area Backwater Area Deepwater Area Northwest Area 

 

Practicable 

Dredge 

Practicable 

Dredge 
Practicable Dredge 

Practicable 

Dredge 
With Sloped Shore 

 

Refer to Figure 2 for OU-2 area designations and Figures 15, 19, and 24 for plan and section 

views of Alternative 9, showing extents of removal and containment. This alternative has been 
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designed with consideration of the ecological effects described in DER-10 Appendix 4: FWRIA 

Part 3 Ecological Effects of Remedial Alternatives (e.g. minimizing dredging activities while 

using Site-specific Cleanup Levels that adequately mitigate potential adverse impacts to fish and 

wildlife resources, minimizing temporary and/or permanent loss of, or damage to the river 

resource, and maximizing the acreage of habitat remediated). Disposal options for removed 

sediments include a combination of off-Site disposal and potential reuse in OU-1 as subgrade 

backfill.  

 

Approximately 108 months is required for Alternative 9 pre-construction and construction 

activities. The total project cost is expected to be approximately $245.4 million.  

 

General: 

 

 The extents of COCs have been evaluated in depth intervals consistent with the sample 

intervals (typically 2 ft) and refined based on other Site features and history.  For this 

RFS, where data gaps occur, values have been predicted. Data gaps will be addressed 

as part of the Remedial Design by additional delineation of the areal extent of 

exceedences of the Site-specific Cleanup Levels within the designated dredge depths for 

this alternative.  

 

 A Subaqueous Cap or Backfill will restore existing bathymetry to the extent feasible. 

 

 Site preparation includes pre-clearing of piles, other structures, and debris as required. 

 

Dredge: 

 

 Subsequent to pre-clearing, dredge sediments to the designated depth within 

constructible limits for the areal extents that exceed the Site-specific Cleanup Levels. 

 

 

Subaqueous Cap: 

 

In the Northwest Off-shore Area, a Sloped Subaqueous Cap (a modified Subaqueous Cap) 

would be placed using armor stone instead of the habitat layer materials to provide erosion 

protection in the Wave Action Zone (WAZ).  

  

 Amor stone is expected to be similar to, but not larger than, the existing substrate.  Due 

to these materials, the overall thickness may vary. 

 

 Chemical isolation layer (6 inches, sand);  

 

 Erosion protection layer (6 inches, material selection per design standards); and 

 

Subaqueous Backfill: 

 

 Subaqueous Backfill will be designed and placed in accordance with applicable 

standards and consist of two layers.  Layer thicknesses and materials will be specified 

during the Remedial Design based on pre-design investigations, studies and engineering 

studies.  These layers are described below in order of placement (e.g. deepest to 

shallowest):  
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– Backfill Layer (as required for the respective dredge depth, materials 

selectionbased onthickness, river flow and effective placement), and   

 

– Habitat layer which includes the bioactive zone and an allowance for erosional 

events (24 inches, material selection as follows), including: 

o Minimum 12 inches of sand, and 

o Natural Deposition (Allowance of up to 12 inches). 

 

Alternative-specific Approach (by area) 

 

Nearshore Area 

  

 Turbidity Control: Install turbidity control (silt curtain) offshore where mudline is no 

deeper than El. -15. 

 

 Dredge: Dredge all sediments that exceed Site-specific Cleanup Levels (within 

constructible limits). 

 

 Post-Dredge: Install Subaqueous Backfill.  

 

Backwater Area  

 

 Turbidity Control: Provide turbidity control (silt curtain) in areas of dredge. 

 

 Dredge: Dredge all sediments that exceed Site-specific Cleanup Levels (within 

constructible limits). 

 

 Post-Dredge: Install Subaqueous Backfill. 

 

Deepwater Area  

 

 Turbidity Control: No additional measures beyond the use of an environmental dredge 

bucket. 

 

 Dredge: Dredge all sediments that exceed Site-specific Cleanup Levels (within 

constructible limits). 

 

 Post-Dredge: Install Subaqueous Backfill. 

 

Northwest Off-Shore Area 

  

 Turbidity Control:  Install submerged bulkhead wall beyond the toe of rip-rap and other 

obstructions into the Marine Silt, with top of wall at El -15. This sheeting will not be 

designed to function as a retaining wall or dewatering barrier.  This sheeting will be 

combined with a silt curtain installed during construction to provide turbidity control 

from the surface to the top of the wall.  

 

 Dredge: Dredge all sediments that exceed Site-specific Cleanup Levels (within 

constructible limits). 
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 Post-Dredge: Install Subaqueous Backfill (or Sloped Subaqueous Cap if applicable) to 

the designed slope.  Drive or cut submerged bulkhead wall to mudline after other 

remedial work is completed. 

 

 Integrate OU-1 requirements (e.g. groundwater control, DNAPL migration control 

through retention of the submerged bulkhead wall). 

 

Post Construction 

 

 Implement institutional and administrative controls (e.g. Site Management Plan, 

environmental easement, etc.). 

 

 Commence long-term monitoring (LTM) and operations and maintenance (O&M) for 

the following components where applicable.  The frequency of monitoring is initially 

assumed to be annual butsome monitoring tasks are expected to become less frequent 

over time.  Final measures will be developed in cooperation with NYSDEC. 

 

– Site 

o Periodic monitoring for compliance with institutional controls  

o Periodic monitoring of general Site conditions 

 

– Subaqueous Cap Integrity 

o Habitat layer thickness 

o Periodically monitor bathymetry for deposition or scour 

 

– Erosion Protection Layer 

o Periodically monitor bathymetry for indications of scour within the 

erosion protection layer  

o Maintain erosion protection layer if monitoring identifies significant 

scour 

 

– Subaqueous Cap Effectiveness 

o Periodically measure Site-specific COCs in the pore water and biota the 

Northwest On-shore and Off-shore Areas 

 

– Aqueous Biota 

o Periodically survey tax abundance and diversity 

o Periodically conduct tissue sampling (e.g. fish, eel) 

o Identify trends  
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8. ANALYSIS OF ALTERNATIVES 

 

 

This chapter analyzes the ability of or extent to which each alternative satisfies each evaluation criteria.  

A relative comparison among all alternatives for all criteria is presented in Chapter 9.  

 

8.1 Evaluation Criteria 

 

The following criteria are described in detail in DER-10 (NYSDEC, 2010).  The evaluation criteria are: 

 

 Overall protectiveness of public health and the environment 

 Compliance with Standards, Criteria and Guidelines (SCGs) 

 Long-term effectiveness and permanence 

 Reduction of toxicity, mobility or volume through treatment 

 Short-term impact and effectiveness 

 Implementability 

 Cost effectiveness 

 Land use 

 Community acceptance 

 

The first and second criteria, above, are threshold criteria which must be satisfied for an alternative to 

be considered for selection; the next six are balancing criteria which are used to analyze the positive 

and negative aspects of alternatives that satisfy the threshold criteria.  The final criterion, community 

acceptance, is evaluated by NYSDEC prior to selection of the remedy and after any public comments 

on the recommended remedy have been received. 

 

The following subsections summarize each criterion and the basis for Site-specific analysis.  Sections 

8.2 through 8.10 discuss the analysis of the criteria for the nine alternatives. 

 

8.1.1 Overall Protection of Human Health and the Environment 

 

This criterion evaluates the ability of each alternative to protect public health and the 

environment.  Protection is evaluated based on: 

 

 How each alternative would prevent or mitigate  existing or potential human exposures 

or environmental impacts identified by the RI, and 

 

 The ability of each alternative to achieve each of the RAOs. 

 

Overall protection of human health and the environment draws on the assessments of other 

evaluation criteria, especially long-term effectiveness and permanence, short-term effectiveness, 

and compliance with SCGs.  

 

8.1.2 Compliance with SCGs 

 

This criterion evaluates the extent to which each alternative conforms to officially promulgated 

standards and criteria that are directly applicable or that are relevant and appropriate. 

Applicable SCGs for the Site are identified along with a discussion of whether or not the 

remedy will achieve compliance.  The selection of a remedy must also take into consideration 

regulatory guidance as appropriate. 



88 

Section 121(d) of the Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA) of 1980, as amended; (CERCLA) requires that the remedial actions must 

comply with state and federal applicable or relevant and appropriate requirements (ARARs).  

The 6 NYCRR Part 375 Standards and Criteria are the state-equivalent of the federal ARARs, 

and therefore are detailed in the RFS, rather than the federal ARARs. It must be noted that 

laws, regulations, and rules such as the Occupational Safety and Health Act (OSHA), 6 

NYCRR Part 364 Standards for Waste Transportation, and local noise ordinances are not 

generally considered to be ARARs or SCGs, because they would apply to any remedial activity 

and would not differentiate one remedial alternative from another with respect to achieving the 

RAOs. 

 

Conformance with standards and criteria is required, unless good cause exists as demonstrated 

by any of the following:  

 

 the alternative is only part of a complete program or project that will, as a whole, 

conform to such standard or criterion upon completion;  

 

 conformity to such standard or criterion will result in greater risk to the public health 

and the environment than other alternatives;  

 

 conformity to such standard or criterion is technically impracticable from an 

engineering or scientific perspective; or  

 

 the program or project will attain a level of performance that is equivalent to that 

required by the standard or criterion through the use of another method or approach. 

 

Consideration is also given to guidance which, through the application of scientific and 

engineering judgment, is determined to be applicable to the alternative evaluation. 

 

SCGs applicable to the development of RAOs and PRGs for OU-2 were identified in chapter 4 

of the RFS.  The following text presents a discussion of the SCGs which were identified as 

applicable to the remedial action alternatives being evaluated in the RFS.   

 

8.1.2.1  Federal ARARs 

 

The primary applicable federal ARARs used in determination of the scope for and in 

comparative evaluation of remedial alternatives were: 

 

 Section 10 of the Rivers and Harbors Act of 1899 (RHA) 

Regulates work in or affecting navigable waters of the U.S. and requires a 

USACE permit for those activities. 

 

 Section 404 of the Clean Water Act of 1977 (CWA) 

Regulates the discharge of dredge or fill into navigable waters of the U.S. and 

requires a USACE permit for those activities.   

 

 Toxic Substances Control Act of 1976 (TSCA) 

Establishes cleanup and disposal options for PCB remediation waste, which 

includes PCB-contaminated sediments and dredged materials. 

 



89 

A USACE Permit will be needed for all alternatives (except Alternative 1) and is 

expected to be issued under both Section 10 and Section 404 authorization. Section 404 

of the CWA “prohibits the discharge of dredged or fill material into wetlands, streams, 

and other waters of the United States unless a permit issued by the U.S. Army Corps of 

Engineers (Corps) or approved State under CWA Section 404 authorizes such a 

discharge. When there is a proposed discharge, all appropriate and practicable steps 

must first be taken to avoid and minimize impacts to aquatic resources. For unavoidable 

impacts, compensatory mitigation is required to replace the loss of wetland, stream, 

and/or other aquatic resource functions. (U.S. Army Corps of Engineers, 

Compensatory Mitigation Rule: Improving, Restoring, and Protecting the Nation’s 

Wetlands and Streams - Questions and Answers, undated)” 

 

Each of the alternatives was configured to minimize the overall dredge and fill required  

by the alternative (e.g. if the objective was to dredge a maximum of 6 feet, then areas 

where sediments were contaminated to only 4 feet depth would be excavated to 4 feet, 

not 6 feet.   Each of the alternatives assumes that the compensatory mitigation required 

by Section 404 of the CWA will be determined during final design and the permitting 

process, and therefore all of the alternatives will achieve the SCGs represented by 

Section 10 of the RHA and Section 404 of the CWA. 

 

With respect to TSCA, Alternatives 2 through 9 will involve dredging sediments having 

concentrations of PCBs in excess of 50 ppm.  TSCA requires that such remediation 

wastes be managed by disposal at a permitted facility.  PCB wastes in excess of 50 ppm 

will be managed on site as prescribed in TSCA, and disposed off site at a permitted 

facility: therefore the SCGs represented by TSCA will be achieved.   

 

8.1.2.2  New York State SCGs 

 

The primary applicable New York State SCGs used in determination of the scope for 

and in comparative evaluation of remedial alternatives were: 

 

 6 NYCRR Part 375 Environmental Remediation Programs 

Part 375 regulates development and implementation of remedial programs for 

inactive hazardous waste disposal sites. This regulation applies to the overall 

process of remedial investigation - feasibility study – remedial design/work plan 

– remediation – documentation; and not to specific environmental quality 

parameters.  The only numerical remediation objectives contained in Part 375 

are Soil Cleanup Objectives, which are not applicable to OU-2 because OU-2 is 

not an upland operating unit and the Alternatives address contamination in 

sediments, not in soils.   The RFS was prepared in accordance with Part 375 

and the process to select, implement, and document the remedial action will be 

completed in accordance with Part 375; therefore this SCG is achieved by 

Alternatives 2 through 9. 

 

 6 NYCRR Part 608 Use and Protection of Waters 

Part 608 requires permits for changing, modifying, or disturbing any protected 

stream, its bed or banks, or removing sand, gravel or other material from its 

bed or banks.  Each of the Alternatives, if implemented, would result in a 

different amount and type of change to the Hudson River, river bed, and banks.  

Within the subheading Long-Term Effectiveness and Permanence and 
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subheading Reduction of Toxicity, Mobility, or Volume through Treatment in 

Chapter 8 of the RFS, each Alternative is evaluated for the area, volume and 

type of change which will be imposed on the Hudson River as a result of the 

remedial action. 

 

 6 NYCRR Parts 700 – 706 Water Quality Regulations 

Parts 700 – 706 set forth classifications for surface and groundwater types 

within the state and provide surface water and groundwater quality standards 

and groundwater effluent limitations.  These SCGs are applicable to OU-1, 

rather than OU-2.  The OU-2 Alternatives 2 through 9 are expected to reduce 

the exposure of Hudson River water to contaminated sediments and thus 

positively affect Hudson River water quality, however it is uncertain to what 

extent the improvement can be quantified or predicted, due to the very large 

water volume in the Hudson River; therefore no Hudson River water quality 

objectives were established for OU-2.  Additionally the OU-1 remedy addresses 

groundwater quality and therefore no groundwater quality objectives were 

established for OU-2. 

 

 19 NYCRR Parts 600-602 Coastal Zone Management 

Parts 600 – 602 provide framework for application of the State's waterfront 

revitalization and coastal resources policies and require a determination of 

consistency with coastal zone management policies for permits issued by the 

USACE. A USACE permit is expected to be issued under both Section 10 and 

Section 404 authorization for Alternatives 2 through 9, which invokes this 

requirement.  There are no known impediments to achieving consistency with 

State Coastal Zone Management policies therefore compliance with 19 NYCRR 

Parts 600-602 is expected to be achieved during the permitting process. 

 

 DER-10 Technical Guidance for Site Investigation and Remediation  

DER-10 provides an overview and comprehensive guide for the site 

investigation and remediation process for programs administered by the 

Division of Environmental Remediation.  This guidance applies to the overall 

process of remedial investigation - feasibility study – remedial design/work plan 

– remediation – documentation; and not to specific environmental quality 

parameters.  The RFS was prepared in accordance with DER-10 and the 

process to select, implement, and document the remedial action will also be 

completed in accordance with DER-10.  The only numerical requirements for 

environmental media contained in DER-10 are the quality requirements for soil 

or fill imported to the site.  During remediation, this guidance will be followed 

in selecting material for backfill in OU-2; therefore this SCG is achieved by 

Alternatives 2 through 9. 

 

 DER-31 Green Remediation 

DER-31 identifies the Division of Environmental Remediation approach to 

remediating sites in the context of the larger environment; it 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.  Within the 

subheading of Short-Term Impacts and Effectiveness each Alternative is 

evaluated for the following sustainability concerns:  human health, occupational 
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risk, habitat disturbance, and landfill consumption.  Those indicators are used 

to assess the relative “greenness” of each Alternative in Chapter 8 of the RFS. 

 

 NYS Division of Fish, Wildlife and Marine Resources, Technical Guidance for 

Screening Contaminated Sediments, January 1999; 

This document identifies a series of contaminant screening that can be used to 

identify areas of sediment contamination and to evaluate the potential risk that 

the contaminated sediment may pose to human health or the environment.   The 

contaminated sediment screening guidance was considered in the selection of 

PRGs as discussed in Chapter 4.  The PRGs apply to all Alternatives, and 

within the subheading of Long-Term Effectiveness and Permanence, each 

Alternative is evaluated for compliance with the PRGs in Chapter 8 of the RFS. 

 

 Ambient Water Quality Standards and Guidance Values (TOGS 1.1.1) 

TOGS 1.1.1 presents Division of Water ambient water quality standards and 

guidance values and groundwater effluent limitations.  These SCGs are 

applicable to OU-1, rather than OU-2.  The OU-2 Alternatives 2 through 9 are 

expected to reduce the exposure of Hudson River water to contaminated 

sediments and thus positively affect Hudson River water quality, however it is 

uncertain to what extent the improvement can be quantified or predicted, due to 

the very large water volume in the Hudson River; therefore no Hudson River 

water quality objectives were established for OU-2.  Additionally the OU-1 

remedy addresses groundwater quality and therefore no groundwater quality 

objectives were established for OU-2. 

 

 AHP-01 – Shoreline Protection  

AHP-01 provides a conceptual framework for evaluating options for projects 

proposed to stabilize eroding shorelines and riparian zones.  In general, gentle, 

vegetated earth slopes are preferred to bare vertical steel sheeting or steep bare 

rock revetments for shore protection.  The effectiveness with which each 

Alternative addresses this guidance is discussed in Chapter 8 of the RFS. 

 

 Other SCGs are referenced within the RFS where they are specifically 

applicable.   

 

From the preceding list, the following items will be addressed on an Alternative 

by Alternative basis:  6 NYCRR Part 608, DER-10, and Technical Guidance 

for Screening Contaminated Sediments, AHP-01, and DER-31.     

 

8.1.3 Long-Term Effectiveness and Permanence 

 

This criterion evaluates the long-term effectiveness and permanence of an alternative after 

implementation, including any institutional controls if contamination will remain on- or off-Site 

after implementation.  This evaluation assesses the impact of the remaining contamination on 

human exposures, ecological receptors, or impacts to the environment.  
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The specific aspects evaluated for each alternative include: 

 

 dredging 

 capping or backfill 

 institutional controls 

 specific technical issues for each of the above 

 

8.1.3.1  Dredging 

 

Most alternatives incorporate dredging, however, for all alternatives some contaminated 

sediments will remain on-Site after dredging is completed.   

 

8.1.3.2  Capping 

 

Most alternatives incorporate capping or backfill following completion of any dredging. 

 

8.1.3.3  Institutional Controls 

 

Institutional controls would be implemented across the Site to limit the potential for 

future human exposures. NYSDEC has stated that easements and deed restrictions are 

not applicable to waters owned by New York State.  Therefore an alternative 

mechanism for implementing the institutional controls will be needed.  A control 

common to all alternatives is a Site Management Plan, which would be developed 

during Remedial Design.  Institutional controls will vary in specific areas since some 

portions of the Site are outside the property and grant lines (see Figure 25).   

Specifically, portions of the Site are owned or have riparian grants, other portions are 

owned by third parties and portions of the Site are publicly owned.  Institutional 

controls for OU-2 will require coordination with OU-1, especially for alternatives that 

result in new upland.     

 

8.1.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

Post-dredge residual sediments 

 

Post-dredge residual sediments generally are the result of the following: 

 

 Mixing of sediments near the dredge surface occurs as dredging activities 

physically disturb the surface of the sediment.  The resulting post-dredge 

surface concentrations may be altered from pre-dredge concentrations 

depending on the amount of mixing that occurs.   

 

 Short-term increase in solids and contaminants in the Hudson River due to 

resuspension.  For dredging inside turbidity control, these solids will settle 

within the turbidity control area and are isolated by either a Subaqueous Cap or 

Backfill.  For dredging outside turbidity control, these solids and contaminants 

would settle out of the water column in other areas. 

 

 Sediments that may remain deeper than the post-dredge surface. 
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Post-dredge residual sediments are isolated by either a Subaqueous Cap or Backfill. 

Documentation sampling would provide post-dredge sediment concentrations.  The 

long-term effectiveness of a cap or backfill is discussed in detail in Appendix I. 

 

Long-Term River Impacts 

 

Another potential long-term impact of each alternative is the permanent changes to the 

river.   

 

 River Impact – River Volume and Area 

 

River volume and area impacts are calculated from both MLW and MHW due 

to the impact on the littoral and intertidal zones. Values are presented as net 

gains or losses in river volume and area for the entire river channel. 

 

The littoral zone is bounded by MHW and by a contour 6 ft below MLW 

according to 6 NYCRR Part 661: Tidal Wetlands-Land Use Regulations. The 

littoral zone is the marine ecological realm that experiences the effects of tidal 

currents and breaking waves.  The zone is characterized by abundant dissolved 

oxygen, sunlight, nutrients, generally high wave energies and water motion.  In 

general, the littoral zone in water bodies is considered to be habitat that 

supports a diversity of flora and fauna. As such, an increase in the amount of 

littoral zone is considered to be beneficial to the environment. 

 

The intertidal zone is defined as the area between MLW and MHW. At the Site 

this is approximately a 4.2 ft elevation change. The intertidal zone is a sub-set 

of the littoral zone. 

 

 River Impact – Substrate 

 

River substrate in the littoral and intertidal zones is especially important due to 

the impact on biota within these zones.  

 

The littoral and intertidal zone areal extents are not impacted long-term by OU-

2 remedial activities outside of the Northwest Off-Shore Area.  Outside of the 

Northwest Off-Shore Area, the littoral and intertidal zones may be temporarily 

impacted by dredging, capping and backfilling but are expected to return to 

substrate similar to the existing condition through natural deposition.  

 

Sea Level Changes 

 

The potential for sea level change is relevant to the evaluation of alternatives.  Sea level 

changes have been estimated in the Sea Level Rise Task Force Report for 

approximately the next 80 years as 12 to 23 inches for the Lower Hudson Valley and 

Long Island region.  Alternatives are evaluated based on the ability to accommodate a 

sea level change of 23 inches. 
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Integration with OU-1 

 

Integration with OU-1 remedial activities is required for each OU-2 alternative in order 

to achieve long-term effectiveness and permanence. The Northwest Off-Shore Area is 

the only area requiring specific OU-2 actions to fully implement the OU-1 remedy.  

Although the Northwest On-Shore Area is located within OU-1, the presence of 

DNAPL and the necessity for a stable shore requires some OU-2 remedial activities to 

affect the Northwest On-Shore Area. 

 

8.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

 

This criterion evaluates the degree to which the alternative reduces the toxicity, mobility and 

volume of Site contamination. Preference is given to remedies that permanently or significantly 

reduce the toxicity, mobility or volume of the contamination at the Site through treatment. 

 

Alternatives are evaluated based on the following hierarchy of technologies (most preferable to 

the least preferable) (NYSDEC, 2007): 

 

 destruction, on-site or off-site; 

 separation or treatment, on-site or off-site; 

 solidification or chemical fixation, on-site or off-site; and 

 control and isolation, on-site or off-site. 

 

8.1.4.1  Toxicity 

 

Reduction of toxicity of contaminants through treatment is not implemented in any of 

the OU-2 alternatives. 

 

8.1.4.2  Mobility 

 

Subaqueous Capping or Backfill is included in all alternatives to reduce the mobility of 

Site-specific COCs. Refer to Appendix I for capping design calculations. 

 

A 1 ft allowance in bathymetry for natural deposition will be incorporated into the 

design of the cap or backfill to provide additional protection to the benthic community.  

The cap will be designed for a 100 year life without any deposition (which is extended 

100 additional years for every inch of natural deposition that exceeds the bioactive 

layer).  The effectiveness of the cap is not affected by the concentrations of PCBs 

within the sediments being capped once the concentration in the sediments exceeds a 

level where the solubility limit of the PCBs in porewater is reached.  Cap effectiveness 

is increased for sediments with PCB concentrations below this level. 

 

8.1.4.3  Volume 

 

To compare the volume of contaminants removed by remedial activities, total mass and 

the removed mass of COCs have been estimated. 

 

For the purposes of this RFS, mass calculations were limited to PCBs, copper and lead 

(with less focus on lead since lead is generally co-located with copper).  Other metals 

were not estimated due to a limited dataset and since other COC metals are generally 
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co-located with copper with respect to area and depth of concentrations that exceed 

background. Mass was approximated using modeling techniques described in Appendix 

J.  

 

Total mass for OU-2 is estimated to be approximately 25,000 lbs of PCBs, 71,500 lbs 

of copper and 22,200 lbs of lead.  The accessible mass that can be feasibly removed 

based on constructible limits is approximately 10,500 lbs of PCB, 71,500 lbs of copper, 

and 22,200 lbs of lead.  The majority of the volume of sediment that is not accessible is 

within the Northwest Off-Shore Area. Due to the limited available data for metals in the 

Northwest Off-Shore Area, no additional mass was included for metals in this area. 

Therefore, total and accessible mass for copper and lead are assumed to be the same. 

These totals will be summarized by the four OU-2 areas for each alternative.  

 

Some mass is associated with concentrations less than the Site-specific Cleanup Levels. 

Removal of this sediment is not required and therefore was not included in the mass 

calculations for either accessible or removed quantities.    

 

For the purpose of the RFS, the accessible mass has been used for comparative or 

evaluation purposes in the alternative evaluations (e.g. calculation of ratios and 

percentages of accessible mass). 

 

Another factor related to the evaluation of volumes is the sediment volume removed, 

therefore alternative evaluations summarize the quantity of cubic yards (cy) removed.  

This factor is especially relevant in alternatives where dredging of sediments less than 

the Site-specific Cleanup Levels would be required to access deeper sediments for 

removal. 

 

8.1.5 Short Term Impact and Effectiveness 

 

This criterion evaluates the potential short-term adverse environmental impacts and human 

exposures during the implementation of an alternative.  Considerations include but are not 

limited to: 

 

 Potential human exposures, adverse environmental impacts and nuisance conditions 

resulting from the implementation of the alternative (e.g. increased traffic including 

truck trips, detours or loss of the use of access to property, odors, vapors, dust, habitat 

disturbance, and run-off from the Site, noise, impacts on workers and sustainability). 

 

 Engineering controls that would be used to mitigate the short-term impacts (e.g. dust 

control measures) and the effectiveness of the controls.  

 

 The estimated length of time needed to implement the alternative, including time to 

achieve the remedial objectives.  

 

The analysis of short term impact and engineering control effectiveness includes sustainable 

remediation concepts discussed in NYSDEC Program Policy DER-31, Green Remediation 

(NYSDEC, January 2011). Impacts associated with various sustainability indicators, such as 

greenhouse gas (GHG) emissions, truck travel, landfill consumption and occupational risk, have 

been evaluated for each alternative. Sustainability best management practices (BMPs) will 
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subsequently be evaluated during the Remedial Design to mitigate impacts related to 

sustainability.  Specific impacts are discussed for each alternative as described below. 

 

8.1.5.1  Human Health - Air Quality Impacts  

 

Dust 

 

A significant amount of dust will not be produced during removal activities due to the 

water content in the sediments. Dust may be generated during material handling 

procedures, including transport to and from the water treatment facility where 

sediments will be dewatered, placement within OU-1 for on-Site reuse, or transport to 

an off-Site disposal facility. 

 

Particulate Emissions 

 

Westchester County is a non-attainment area as noted by the EPA in 1997, 2002 and 

2006.  Estimated emissions of particulate matter (PM-10 for fuels and PM-2.5 for road 

traffic) for each alternative are calculated using U.S. EPA published standard emissions 

factors.  This evaluation uses USEPA accepted AP-42 Chapter 13.2.1 and 13.2.2 

(2002) emission factors for particulate emissions from paved road travel.  The 

emissions calculation includes but is not limited to the following: PM-2.5 generation 

from diesel fuel combustion of stationary earth moving equipment (including barge to 

truck transfer), particulates from gravel road surfaces (tires entraining dust in the 

ambient air), and particulates from paved road emissions (tires entraining dust in the 

ambient air) with allocations for general truck exhaust, brake wear and tire wear.  The 

primary factors for particulate generation are related to fuel combustion and miles 

driven.  The emissions estimate only includes the emissions generated from the 

transport trucks within Westchester County. 

 

Traffic 

 

Due to the location of the Site, one of the more visible impacts to the community during 

construction will be the truck traffic through the local roads.  It is assumed that there 

will be several large-truck round trips per day during the removal portion of the 

project. The truck trips presented in the RFS are the truck trips required for each OU-2 

alternative; additional truck trips will be required for OU-1 remedy activities.  Also, 

due to the location of the Site, there are no routes that avoid the primary residential and 

retail areas of Hastings-on-Hudson and adjacent communities.   

 

The majority of material import is assumed to occur by barge and therefore import is 

not included in the haul trip calculations. 

 

The number of truck trips also impacts the carbon footprint estimates.  Appendix K 

discusses carbon footprint data and provides the relative quantities of material, Site fuel 

consumption and estimated truck trips.  

 

Carbon Footprint 
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A carbon footprint is the total quantity of GHG emissions released directly and 

indirectly by an individual, organization, process, event or product (Carbon Trust, 

2007).  

 

The carbon footprint analysis evaluates the total GHG emissions released directly and 

indirectly by each remedial alternative.  Details of the GHG analysis are provided in 

Appendix K.  For purposes of this RFS, the GHG estimate only includes emissions 

generated through end of construction and does not include emissions generated for 

O&M activities.  

 

8.1.5.2  Occupational Risk 

 

Atlantic Richfield has a vigorous Health & Safety program that meets or exceeds 

OSHA requirements.  However, industry data indicates that for a project of this 

magnitude, there is a statistical likelihood of harm to workers. Details on occupational 

fatality risk calculations are provided in Appendix L.  

 

The occupational fatality risks for workers required for Site activities and for haulage of 

new materials and waste are evaluated on an hours-worked basis for each OU-2 

alternative. A subset of transportation-related fatality risks per occupation is also 

evaluated on an hours-worked basis.  National statistics (U.S. Department of Labor, 

2008, 2010a and 2010b) are used to evaluate occupational fatality risks.  

 

8.1.5.3  Habitat Disturbance 

 

The extent of habitat disturbance is proportional to the areal extent of the dredging and 

associated activities. Habitat disturbance may be either temporary or permanent 

depending on the post-remedy bathymetry and substrate.  The evaluation of each 

alternative summarizes the areas impacted by that alternative. 

 

8.1.5.4  Landfill Consumption 

 

Removed sediments may be reused on-Site as OU-1 fill if contamination levels are less 

than 10 ppm for PCBs and they are not placed within 2 ft of the final surface grade and 

if they meet engineering constraints for compacted fill.  Any removed sediments not 

reused on-Site will be disposed of at a controlled, off-Site facility. 

 

The relocation of sediment to approved disposal facilities consumes landfill capacity 

which is a limited resource.  Reuse of some sediment from the southern portions of 

OU-2 would reduce both haul traffic and landfill consumption. 

 

8.1.5.5  Schedule 

  

The evaluation of schedules includes pre-construction as well as construction activities.  

The overall duration is a combination of OU-2 pre-construction and construction 

activities. As currently designed, some phases of the OU-2 construction would occur 

concurrently with OU-1 activities. 

 

 Construction season is assumed to include approximately 8 to 10 months per 

calendar year. 
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 Activities for OU-2 would be partially completed concurrent with OU-1 

activities.  Construction sequencing of OU-2 and OU-1 will be considered 

during the Remedial Design. 

 

 Total Project Duration is defined as beginning after an Order on Consent. 

 

8.1.6 Implementability 

 

This criterion evaluates the technical and administrative feasibility of implementing an 

alternative.  Technical feasibility includes the difficulties associated with construction and the 

ability to monitor the effectiveness of an alternative or remedy.  Administrative feasibility 

includes the availability of the necessary personnel and material and potential difficulties in 

obtaining specific operating approvals, access for construction, etc. The evaluation includes the 

reliability and viability of the proposed institutional or engineering controls for each alternative. 

 

Aspects affecting implementability which are common to all of the remediation alternatives 

include managing, treating, and discharging sediment dewatering water, obtaining permission 

from the U.S. Army Corps of Engineers (USACE) for work in the Hudson River, and 

managing materials transportation to and from the Site. 

 

Alternatives 2 through 9 are expected to require dewatering of sediments. Approval for 

discharge of treated sediment dewatering water will be needed from either NYSDEC or from 

the Westchester County Sewer District, or from both.  Engineering controls to reduce the 

quantity of sediment dewatering water will be specified in the Remedial Design.   Preliminary 

review of discharge limits for similar projects in the area relative to data obtained for sediment 

dewatering water expected to be generated at the Site indicates that sediment dewatering water 

from the Site can be discharged to the river, but will require extensive treatment to meet the 

expected discharge requirements and obtain approval from NYSDEC.   

 

Alternatives 2 through 9 involve work along and (to varying degrees) within the Hudson River; 

therefore a permit will be needed from the USACE for the work.  The USACE permit process 

may entail review by the U.S. National Marine Fisheries Service, the U.S. Fish and Wildlife 

Service, NYSDEC to provide Water Quality Certification, and by the New York Department of 

State for Coastal Zone Management consistency review. Based on experience with similar 

projects, this approval will likely require a long lead time. 

 

Alternatives 2 through 9 require materials transportation, to varying degrees, which will 

involve truck use of local roads.  Acceptable truck routing will be negotiated with the local 

municipality, as was the case for the recent Site building demolition project. In addition, 

potential use of rail and barge transportation will be evaluated during Remedial Design. If 

materials will be transported by rail, significant track and switch upgrades will be required to 

make the connection to the Metro North Railroad (MNRR). In order to implement rail 

transportation, permits or approvals will be needed from MNRR and CSX Corporation, and are 

expected to require very long time periods.  Barge transportation will need to satisfy USACE 

and Coast Guard requirements and will require constructing new barge access facilities. 

 

Other permits or approvals may be required, as applicable, from various agencies, such as 

Westchester County, United Water Company of New York, fill and cap material sources, and 
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NYSDOT.  In addition, temporary easements or access agreements with adjoining properties 

and utilities may be needed to implement any or all of the alternatives. 

 

Institutional controls are part of all alternatives. Typically, institutional controls for remediation 

sites restrict the type of future land use, prohibit the use of groundwater without treatment, and 

require a Site Management Plan (to guide future Site use and development and to set forth 

requirements for long-term operations, maintenance and monitoring), and require periodic 

reporting to NYSDEC to confirm that all engineering controls are operational and effective. 

These institutional controls are typically implemented by incorporating them into a deed 

restriction, environmental easement, or other mechanism approved by NYSDEC. The 

implementability of institutional controls was assessed for each alternative. 

 

8.1.7 Cost Effectiveness 

 

This criterion evaluates the overall cost effectiveness of an alternative.  An alternative is cost 

effective if its costs are proportional to its overall effectiveness. The overall effectiveness of an 

alternative or remedy is determined by:  

 

 First, evaluating long-term effectiveness and permanence, reduction of toxicity,  

mobility or volume through treatment and short-term impact and effectiveness 

 

 Then, comparing the overall effectiveness to the cost of the alternative or remedy, and  

 

 Finally, assessing whether the cost is proportional to the overall effectiveness 

 

The costs can be divided into capital costs and annual operation and maintenance (O&M) costs 

which together can be described as net present worth (NPW) costs.  Capital costs consist of 

direct (construction) and indirect (non-construction and overhead) costs. DER-10 4.3(a)5.iii 

provides the following guidance on developing cost estimates in a feasibility study. 

 

 “Develop estimates of the remedial action costs including all costs associated with the 

development and implementation of a remedial action, which include:  

 

– all direct and indirect capital costs and engineering costs for the construction of 

all facilities and process equipment, labor, materials, construction equipment 

and services, land purchase and land preparation/ development and relocation 

expenses;  

 

– costs associated with the institutional controls required for a remedy - While the 

initial or capital cost of an institutional control may be minimal, the long-term 

costs must be estimated. Costs for securing the institutional control must be 

included in the estimate, such as payment for the easement however effects on 

the value of the property are not included;  

 

– costs for system start up and testing, facility operation, maintenance and 

repair, continuous performance and effectiveness monitoring, periodic Site 

condition reviews; and  
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– costs for legal, administrative and capital costs associated with the placement of 

institutional controls on a property and other Site management activities and/or 

certifications. 

 

 Also, present the net present worth of all remedial action costs over time by discounting 

all future costs to the current calendar year. The present worth costing analyses will use 

a current discount rate, applied before taxes and after inflation. The period of 

performance evaluated should not exceed 30 years to allow consistent evaluation of 

costs only. It does not imply that the Site management of a remedy will end after the 

cost estimating period, if applicable the Remedial Design should note if it will exceed 

30 years.” 

 

8.1.7.1  Overall Effectiveness 

 

Overall effectiveness is a summary of the four balancing criteria, Long-term 

effectiveness and permanence, Reduction of toxicity, mobility or volume through 

treatment and Short-term impact and effectiveness. 

 

8.1.7.2  Total Project Costs 

 

The Opinion of Probable Cost for each alternative was developed using industry 

standard methods, unit prices provided by Envirocon, Inc. (an Engineering News-

Record Top 200 Environmental firm with extensive experience with similar projects), 

and input from other specialty contractors, sources such as RSMeans and RACER, and 

experience on similar projects. The unit prices from Envirocon were developed 

specifically for this RFS. 

 

The Office of Management and Budget (OMB) presents real interest rates on treasury 

notes and bonds for various maturities.  These interest rates were used to adjust future 

construction costs to 2011 dollars for Alternatives 8 and 9 (4- and 6-year construction 

durations, respectively).  Alternatives 1 through 7 were not adjusted since the 

construction durations for these alternatives ranged from zero to 2 years, therefore, the 

mid-point for construction would be a maximum of 3 years (2 years for design plus 1 

year for half of the construction duration), and the OMB 3-year real discount rate is 

0%.  For Alternative 8, the mid-point for construction would be 4 years (2 years for 

design plus 2 years for half of the construction duration).  The interpreted OMB 4-year 

real discount rate is 0.2%.  For Alternative 9, the mid-point for construction would be 

5 years (2 years for design plus 2.5 years for half of the construction duration).  The 

OMB 5-year real discount rate is 0.4%. 

 

The 30 year OMB inflation rate (1.9%) and discount rate (4.2%) were applied to each 

year of the long-term operations and maintenance costs of the alternatives so that a 

present worth analysis could be completed for evaluation of all alternatives in 2011 

dollars. 

 

For the purposes of this RFS, actions required for OU-2 that may be implemented 

within the boundaries of OU-1 are considered to be part of the OU-2 evaluation and 

therefore included in the OU-2 costs. Elements of OU-2 alternatives that affect the 

implementability of OU-1 remedial actions are also addressed as part of the OU-2 

evaluation. Actions which would otherwise be included in the OU-1 remedial costs 
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were not included in the OU-2 Opinion of Probable Cost, unless OU-2 actions require a 

modification to the OU-1 activities.  In this case, an allowance was included in the 

Opinion of Probable Cost to account for any net cost differences. For example, 

allowances were added to the cost estimate for change in backfill material in the 

Northwest On-Shore Area between the OU-1 ROD specifications and the necessary 

modifications for either a Northwest Extension or Sloped Subaqueous Cap. Although it 

is likely that some OU-2 and OU-1 activities can be performed concurrently, durations 

for OU-2 were determined assuming limited overlap with OU-1 activities. 

 

Implementation costs include the following elements (See Appendix M for a list of 

major cost items included within the general categories listed below):  

 

 Direct and indirect construction costs 

 Direct and indirect engineering costs 

 Capital costs, administrative, legal, and long-term costs for institutional controls 

 Costs for startup, testing, facility operation 

 Costs for maintenance, quality assurance, and monitoring 

 

8.1.7.3  Cost Effectiveness 

 

To evaluate cost effectiveness, the cost per cubic yard of removal was evaluated for 

each alternative. In order to evaluate the cost of removal for the two primary Site-

specific COCs (PCBs and copper), the cost for dredge and related activities in each 

OU-2 area should be compared to the volume of sediment removed with concentrations 

greater than Site-specific Cleanup Levels.  

 

An average concentration of all of the removed sediment has been provided for each 

alternative to demonstrate the effectiveness of dredge removal of contaminated 

sediments. 

 

8.1.8 Land Use 

 

This criterion evaluates the current, intended and reasonably anticipated future use of the Site 

and its surroundings, as it relates to an alternative when unrestricted levels are not achieved.   

 

The evaluation considers:  

 

 current use and historical and/or recent development patterns:  

 consistency of proposed use with applicable zoning laws and maps;  

 brownfield opportunity areas;  

 consistency of proposed use with applicable comprehensive community master plans, 

local waterfront revitalization plans as provided for in article 42 of the executive law or 

any other applicable land-use plan formally adopted by a municipality;  

 proximity to real property currently used for residential use and to urban, commercial, 

industrial, agricultural and recreational areas;  

 any written and oral comments submitted by members of the public on the proposed use 

as part of citizen participation activities;  

 environmental justice concerns, which for purposes of this evaluation, include the 

extent to which the proposed use may reasonably be expected to cause or increase a 

disproportionate burden on the community in which the Site is located, including low-
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income minority communities, or to result in a disproportionate concentration of 

commercial or industrial uses in what has historically been a mixed use or residential 

community;  

 federal or state land-use designations relating to the property;  

 whether the population growth patterns and projections support the proposed use;  

 accessibility to existing infrastructure;  

 or heritage sites or Native American religious sites;  

 natural resources, including proximity of the Site to important federal, state or local 

natural resources, including waterways, wildlife refuges, wetlands, or critical habitats 

of endangered or threatened species;  

 potential vulnerability of groundwater to contamination that might migrate from the 

Site, including proximity to wellhead protection and groundwater recharge areas and 

other areas identified by the state comprehensive groundwater remediation and 

protection program;  

 proximity to floodplains;  

 geography and geology; and  

 current institutional controls applicable to the Site.  

 

Areas of a Site or operable units may have different uses and restrictions when each is clearly 

identified and defined by the institutional control or engineering control. 

 

Limitations on final use will be discussed for each alternative. 

 

8.1.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

 

8.2 Alternative 1 – No Action 

 

The No Action Alternative (Alternative 1) is at one end of the range of possible alternatives for the site. 

Under this alternative, no action would be taken to contain, remove or treat the contaminated sediments 

or to restrict use or access to these areas.  This alternative is generally described as follows (see 

Chapter 7 for additional details). 

 

 Nearshore Area: No Action. 

 

 Backwater Area: No Action. 

 

 Deepwater Area: No Action.  

 

 Northwest Off-Shore Area: No Action.  

 

8.2.1 Overall Protection of Human Health and the Environment 

 

Alternative 1 provides no means of controlling direct exposure to or migration of contaminated 

sediments. Therefore, it would not reduce potential risks to human health or the environment. 

 



103 

8.2.2 Compliance with SCGs 

 

Under Alternative 1, contaminated sediments would remain available for direct contact or 

migration and would therefore not achieve the sediment quality guidelines. No disposal or 

treatment requirements would apply since sediment would not be actively managed. 

 

A no action alternative is to be developed regardless of protectiveness, per DER-10 4.1(d)1. 

However, per DER-10 4.2(a)1, “the first two evaluation creitera… are threshold criteria and 

must be satisfied in order for an alternative to be considered for selection.” As Alternative 1 

does not satisfy either of these first two criteria, further evaluation will not be required. 

 

8.3 Alternative 2 – Nearshore Cap with Dredge (for cap), Northwest Sloped Cap 

 

This alternative is generally described as follows (see Chapter 7 and Figures 8, 17 and 20 for additional 

details). 

 

 Nearshore Area: A Subaqueous Cap would be placed to contain post-dredge residual sediments 

(isolate remaining sediments containing PCBs greater than 1 ppm or Site-specific COC metals 

greater than the Site-specific Cleanup Levels). The installation of a Subaqueous Cap would 

include removal of sediments prior to placing the cap to maintain existing bathymetry post 

remedy. This alternative would include sediment removal of 3 ft below existing mudline and 

any additional localized contaminated sediment identified during documentation sampling with 

PCBs greater than 10 ppm up to a depth of 6 ft below mudline. Based on current data (see 

Appendix D), placement of a Subaqueous Cap would encompass the entire Nearshore Area. 

 

 Backwater Area: Institutional controls would be implemented to maintain the existing surface 

sediments that currently isolate contaminated sediments that are not exposed to surface waters 

or biota.  Localized contaminated surface sediments would be removed up to a maximum of 3 ft 

below the existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data (see Appendix D), two localized areas would 

require surface dredge within the Backwater Area. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 

require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Subaqueous Cap would be installed at a designed slope to 

provide containment of residual contamination. The construction of a designed slope would 

remove contaminated sediments above the designed subgrade. The Subaqueous Cap would 

include appropriate erosion control for the littoral and intertidal zones of the designed slope. 

Based on current data, a Subaqueous Cap would be placed on approximately a 6H:1V slope, 

with a maximum dredge of 14 ft below mudline. The top of the slope would be at El. 6.  

 

8.3.1 Overall Protection of Human Health and the Environment 

 

This alternative would prevent or mitigate existing or potential human exposures or 

environmental impacts associated with contaminated sediments in each area as follows: 
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Nearshore Area 

 

 Subaqueous Capping isolates the residual contamination from exposure with humans 

and biota.   

 

 Removal of contaminated surface sediments reduces the mass of COCs and therefore 

further isolates humans and biota from exposure.  Dredging 3 ft of contaminated 

sediment removes 89% of PCB, 35% of copper, and 18% of lead accessible mass in the 

Nearshore. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated surface sediments reduces volume of contaminated sediments. 

Surface dredging of localized areas (up to 3 ft) to remove contaminated sediment 

protects humans and biota from exposure. 

 

 Subaqueous Capping, Subaqueous Backfill and the existing surface sediments that are at 

or below background levels along with a thick existing sediment deposition provides 

protection sufficient to isolate biota from exposure with remaining contaminated 

sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Deepwater 

 

 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control as discussed in the 2003 OU-2 PRAP.  
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Northwest Off-Shore Area 

 

 Subaqueous Capping prevents humans and biota from exposure to contaminated 

sediment.   

 

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Dredging for the designed slope protects humans and biota from exposure.   

 

 Stability for the area is provided through the construction of the designed slope. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 The sloped Subaqueous Cap accommodates potential future DNAPL recovery (OU-1). 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  This 

alternative also provides for restoration of a similar substrate in the Northwest Off-shore Area.  

While remediation of the entire Deepwater Area is not feasible, this alternative includes 

mitigating measures that remove sediments with the highest potential threat to the environment.  

Therefore this alternative achieves each of the RAOs. 

 

8.3.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 2 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 2 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 2 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 2 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.3.3.  

 

 NYS DER-31 Green Remediation:  Alternative 2 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 2 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  
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For purposes of comparing the extent to which Alternative 2 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.3.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 2 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.2 and Figures 8, 17, and 20).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 2 uses a rock 

slope with vegetative enhancements which is preferable to a bare rock slope or vertical 

wall.  More preferable natural, biotechnical, or bioengineered slope protection would 

not be effective in the severe wind-wave conditions in the Northwest Offshore Area.   

 

8.3.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Cap in 

the Nearshore Area, Subaqueous Cap or chemical isolation provided by natural sediments in the 

Backwater Area, and a Sloped Subaqueous Cap constructed on the designed slope in the 

Northwest Off-Shore Area and disposal of contaminated removed sediment at an off-Site 

disposal facility. 

 

8.3.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.3.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.3.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

8.3.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 
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 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 

long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, post-dredge residual sediment is addressed as follows.  

 

Nearshore Area: 

 

Sediments exposed by the dredge would be isolated through the installation of 

Subaqueous Cap or Backfill.  Residual concentrations are presented in 

Appendix D.  Dredged areas in the Nearshore Area will be restored with clean 

imported material which will achieve long-term effectiveness by isolating post-

dredge residual sediments to prevent potential impacts to human health, 

ecological receptors, or the environment. 

 

Backwater Area: 

 

Sediments exposed by the dredge would be isolated through the installation of 

Subaqueous Cap or Backfill.  Residual concentrations are presented in 

Appendix D.  Dredged areas in the Backwater Area will be restored with clean 

imported materials which achieve long-term effectiveness by isolating post-

dredge residual sediments to prevent potential impacts to human health, 

ecological receptors, or the environment. 

 

Deeper sediments (more than 3 ft below mudline) are contained by undisturbed 

overlying sediments with COC concentrations near or less than Site-specific 

Cleanup Levels.  Long-term natural containment by the overlying sediments is 

supported by the fact that these areas are depositional.  Long-term control can 

be effectively managed with implementation of institutional controls to ensure 

these deeper sediments are not exposed to the surface.  

 

Deepwater Areas: 

 

Sediments exposed by the dredge would be isolated through the installation of 

modified Subaqueous Backfill.  Remaining residual concentrations are 

presented in Appendix D.  Dredged areas in the Deepwater Area will be 
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restored with clean imported material which will achieve long-term 

effectiveness by isolating post-dredge residual sediments to prevent potential 

impacts to human health, ecological receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.  This alternative would reduce the maximum 

Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the sediments containing the highest 

concentrations. 

 

Northwest Area: 

 

As part of the construction of the designed slope, a portion of contaminated 

sediments in the Northwest Area will be removed. Post-dredge residual 

sediments exposed by the slope construction will be isolated through the 

installation of a Subaqueous Cap and achieve long-term effectiveness by 

isolating post-dredge residual sediments to prevent potential impacts to human 

health, ecological receptors, or the environment. 

 

Sediment concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 

 

Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

 

Change in Hudson River volume and area are relatively minor due to the fact that 

the river is approximately 4,800 ft wide at the Site. The sloped shore moves the 

existing Shoreline eastward approximately 1.5% of the river’s overall width (70 ft).  
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The gain in river volume is less than 1% of the total volume as calculated based on 

the approximate cross-sectional area of the river at the Northwest Off-Shore Area. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Area, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope  

Large Rip-rap 0.21 acres 

Steep Slope  

Large Rip-rap 

Proposed 0.69 acres 

Flatter Slope 

Rip-rap 0.30 acres 

Flatter Slope 

Rip-rap 

Net Gain/(Loss) 0.24 acres   0.08 acres   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed to rip-rap by this alternative.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative 

extends the sloped shore and armor up an additional 2 ft in elevation and 

assumes the upland would be completed at El. 6. The design requirements for 

potential sea level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   

 

8.3.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.3.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.3.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 
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8.3.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 

 

Mass and Volume Removal 

 
Accessible 

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 140 lbs 89% 11,500 CY 

Backwater 2,400 lbs 10 lbs 0% 1,100 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 2,000 lbs 39% 2,900 CY 

Total 10,460 lbs 2,590 lbs 24% 15,800 CY 

 

 
 

Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 6,800 lbs 35% 11,500 CY 

Backwater 22,000 lbs 220 lbs 1% 1,100 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 1,200 lbs 80% 2,900 CY 

Total 71,500 lbs 8,240 lbs 11% 15,800 CY 

 

Total lead mass removed by this alternative is 10,100 lbs, or 45% of the mass. 

 

8.3.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 

 Schedule 
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The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 27,700 

Traffic (Truck Round-Trips) qty 1,180 

Carbon Footprint (GHG Emissions) metric tons 9,800 

Occupations Fatalities % Chance 0.73% 

Landfill Consumption CY 17,300 

Schedule (Project Duration) Months 44 

 

8.3.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn does not increase the 

amount of traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

 

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 

emissions are associated with the manufacture of steel, electricity generation required 
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for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 9,800 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 1,870 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 830 homes 

 CO2 emissions from burning approximately 51 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

 

8.3.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for staff driving 

vehicles on-Site and for long distance drivers.  Work over and near water is of specific 

concern because these present an increased risk to workers. 

 

The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.3.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be replaced with a flatter, 

sloped rip-rap; therefore long-term habitat disturbance would be minimal for this 

alternative.  

 

8.3.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 
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8.3.5.5  Schedule 

 

As previously discussed, the total project schedule includes Pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

20 24 44 

 

8.3.6 Implementability  

 

This criterion evaluates the technical and administrative feasibility of implementing an 

alternative.  The evaluation includes the reliability and viability of the proposed institutional or 

engineering controls for each alternative. 

 

8.3.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap, dredge, a 

Sloped Cap in the Northwest Off-Shore Area, and a DNAPL Barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the major components have been successfully constructed on a 

number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  
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Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial design includes: 

 

 The DNAPL Barrier would be installed as a partial-height sheet pile 

(i.e. from river bottom to El. -15) with a silt curtain attached at the 

wall for turbidity control during construction of the Northwest Off-

Shore Area. The design would need to account for construction-phase 

wave, wind and ice forces as appropriate, which are not design 

concerns if the top of the DNAPL Barrier were to be at the river 

bottom. 

 

 Cathodic protection for the underwater sheet pile DNAPL barrier will 

need to be installed and maintained over the life of the structure.  

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland. 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 

to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

 

 Creating and maintaining the underwater subgrade (surface underneath 

the rip-rap erosion control layer) will be challenging.  It is likely that 

temporary protection from wave action (temporary barriers, temporary 

floating wave dampeners) local wave dampening measures will need to 

be implemented to protect the slope prior to and during rip-rap 

placement.   

 

B. Ability to Measure Effectiveness 

 

The primary measures of effectiveness will be monitoring during construction 

and post-construction measurements to map the installed components to confirm 

that the work was completed in conformance with the Remedial Design. Pre-

design investigations will be conducted to obtain additional data for finalizing 

the locations and configurations for the DNAPL Barrier, dredging and 

subaqueous capping limits, and sloped cap geometry.  Pre-design sediment 

sampling will complete the delineation of contamination extents and thereby 

eliminate the need to perform post-dredge confirmation sampling. 
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In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling.  

 

In addition to completing the subaqueous cap, backfill, and sloped cap in 

accordance with the remedial design, effectiveness of these components will be 

confirmed during the long-term monitoring program for this alternative, as 

described in Section 7.5. 

 

8.3.6.2    Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   

 

B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.3.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  

 

B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

sloped shore capping. The reliability and viability of the engineering controls 

will be sustained by the long-term monitoring as described for this alternative 

and a maintenance program developed as part of the Remedial Design.  

Additional details for the long-term monitoring will also be developed as part of 

Remedial Design.     
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Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  This alternative achieves geotechnical stability for the 

sloped cap by flattening the shore slope in the Northwest Area.  The 

inclination of the slope was chosen to provide a minimum factor of 

safety of 1.5 for the permanent condition. A summary of factor of 

safety for the temporary and permanent conditions with discussion of 

the geotechnical slope stability evaluations is provided in Appendix H. 

The shore protection system for the sloped cap is designed to withstand, 

at minimum, 100-year river conditions. 

 

 DNAPL Barrier.  This alternative achieves long-term viability of the 

DNAPL Barrier by providing cathodic protection. 

 

 Subaqueous Cap.  The erosion protection layer is designed to withstand 

100-year river conditions.  Even though the subaqueous cap will be 

placed in areas known to exhibit deposition of sediment (rather than 

scour), the habitat layer thickness was selected to remain viable if up to 

2 ft of the layer was unexpectedly removed.  The chemical isolation 

layer is designed to maintain effectiveness for at least 100 years. 

 

8.3.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

8.3.7 Cost Effectiveness 

 

This criterion evaluates the overall cost effectiveness of an alternative.  An alternative is cost 

effective if its costs are proportional to its overall effectiveness. 

 

8.3.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 

limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 
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8.3.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 

  

Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$9.4MM  $56.4MM  $8.6MM  $74.3MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs correspond 

to the dredging quantities.  These costs are generally estimated as incremental to OU-1 

project costs as discussed in Section 8.1.7.2. 

 

8.3.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  

 

Proportionality Evaluation 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 11,500 CY 140 lbs 89% 8 ppm 500 $/CY 

Backwater 1,100 CY 10 lbs 0% 6 ppm 600 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 2,900 CY 2,000 lbs 39% 430 ppm 6,100 $/CY 

Total 15,800 CY 2,590 lbs 24% 100 ppm 1,500 $/CY 

 

Copper Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 11,500 CY 6,800 lbs 30% 370 ppm 500 $/CY 

Backwater 1,100 CY 220 lbs 1% 120 ppm 600 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 2,900 CY 

Not 

Available 

Not 

Available 

Not 

Available 6,100 $/CY 

Total 15,800 CY 8,240 lbs 11% 320 ppm 1,500 $/CY 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to reasonably estimate copper mass. Average PCB concentrations in the 



118 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 

 

Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is high because a significant quantity 

of PCBs and copper is removed and the cost per cubic yard of removal for both 

PCBs and copper is low relative to other areas. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 

 

 Cost Effectiveness in the Northwest Off-Shore Area has limited applicability 

since dredging is a consequence of slope and cap installation and sufficient data 

for copper is not available. 

 

 Cost effectiveness in the Backwater Area also has limited applicability since 

dredging is limited to focused removal of surface sediments. 

 

8.3.8 Land Use 

 

This criterion evaluates the current, intended and reasonably anticipated future use of the Site 

and its surroundings, as it relates to an alternative when unrestricted levels are not achieved. 

   

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas.  Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area.  

 

8.3.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation and not within the construction setback 

from MLW) is only affected by the Northwest Area construction.  

 

8.3.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site upland above 

MLW) is only affected by the Northwest Area construction.  For reference, the total 

existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible land 

area following completion of this alternative would decrease by 0.49 acres. 
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8.3.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

  

8.4 Alternative 3 – Nearshore Dredge (6-ft) and Backfill, Northwest Sloped Cap 

 

This alternative is generally described as follows (see Chapter 7 and Figures 9, 17, and 21 for 

additional details). 

 

 Nearshore Area: Contaminated sediments (PCBs greater than 1 ppm or Site-specific COC 

metals greater than the Site-specific Cleanup Levels) would be removed up to a maximum depth 

of 6 ft below existing mudline. Dredging would continue, up to 10 ft below existing mudline, in 

areas where documentation sampling identifies localized contaminated sediments with PCBs 

greater than 100 ppm. Residual contamination would be isolated using Subaqueous Backfill, 

which would also be used to restore existing bathymetry. Based on current data (see Appendix 

D), the majority of the Nearshore Area would be dredged to 6 ft below mudline, with some 

areas only requiring a dredge of 4 ft below mudline to remove contamination greater than Site-

specific Cleanup Levels. 

 

 Backwater Area: Institutional controls would be implemented to maintain the existing surface 

sediments that currently isolate contaminated sediments that are not exposed to surface waters 

or biota.  Localized contaminated surface sediments would be removed up to a maximum of 3 ft 

below the existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data (see Appendix D), two localized areas would 

require surface dredge within the Backwater Area. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 

require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Subaqueous Cap would be installed at a designed slope to 

provide containment of residual contamination. The construction of a designed slope would 

remove contaminated sediments above the designed subgrade. The Subaqueous Cap would 

include appropriate erosion control for the littoral and intertidal zones of the designed slope. 

Based on current data, a Subaqueous Cap would be placed on approximately a 6H:1V slope, 

with a maximum dredge of 14 ft below mudline. The top of the slope would be at El. 6.  

 

8.4.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Removal of contaminated sediments reduces volume of contaminated sediments and 

protects humans and biota from exposure.  Dredging 6 ft of contaminated sediment 
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removes 100% of PCB, 90% of copper, and 71% of lead accessible mass in the 

Nearshore. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from post-dredge residual sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated surface sediments reduces volume of contaminated sediments. 

Surface dredging of localized areas (up to 3 ft) to remove contaminated sediment 

protects humans and biota from exposure. 

 

 Subaqueous Capping, Subaqueous Backfill and the existing surface sediments that are at 

or below background levels along with a thick existing sediment deposition provides 

protection sufficient to isolate biota from exposure with remaining contaminated 

sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Deepwater 

 

 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control as discussed in the 2003 OU-2 PRAP.  

 

Northwest Off-Shore Area 

 

 Subaqueous Capping prevents humans and biota from exposure to contaminated 

sediment.   

 

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Dredging for the designed slope protects humans and biota from exposure.   
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 Stability for the area is provided through the construction of the designed slope. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 The sloped Subaqueous Cap accommodates potential future DNAPL recovery (OU-1). 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  This 

alternative also provides for restoration of a similar substrate in the Northwest Off-shore Area.  

While remediation of the entire Deepwater Area is not feasible, this alternative includes 

mitigating measures that remove sediments with the highest potential threat to the environment.  

Therefore this alternative achieves each of the RAOs. 

 

8.4.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 3 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 3 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 3 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 3 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.4.3.  

 

 NYS DER-31 Green Remediation:  Alternative 3 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 3 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  

For purposes of comparing the extent to which Alternative 3 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.4.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 3 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 
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subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.3 and Figures 9, 17, and 21).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 3 uses a rock 

slope with vegetative enhancements which is preferable to a bare rock slope or vertical 

wall.  More preferable natural, biotechnical, or bioengineered slope protection would 

not be effective in the severe wind-wave conditions in the Northwest Offshore Area.   

 

8.4.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Backfill 

in the Nearshore Area, Subaqueous Cap or chemical isolation provided by natural sediments in 

the Backwater Area, and Subaqueous Cap constructed on the designed slope in the Northwest 

Off-Shore Area and disposal of contaminated removed sediment at an off-Site disposal facility. 

 

8.4.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.4.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.4.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

8.4.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 
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dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 

long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Backfill.  Remaining residual concentrations are 

presented in Appendix D.  Dredged areas in the Nearshore Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment 

 

Backwater Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Cap or Backfill.  Remaining residual concentrations 

are presented in Appendix D.  Dredged areas in the Backwater Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Deeper remaining sediments (more than 3 ft below mudline) are contained by 

undisturbed overlying sediments with COC concentrations near or less than 

Site-specific Cleanup Levels.  Long-term natural containment by the overlying 

sediments is supported by the fact that these areas have a thick deposition. 

Long-term control can be effectively managed with implementation of 

institutional controls to ensure these deeper remaining sediments are not 

exposed to the surface.   

 

Deepwater Areas: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of modified Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D.  Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.  This alternative would reduce the maximum 
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Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the highest contaminated sediments. 

 

Northwest Area: 

 

As part of the stable slope installation, a portion of contaminated sediments in 

the Northwest Area will be removed. Remaining sediments exposed by the 

slope construction will be isolated through the installation of a Subaqueous Cap 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Remaining residual concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 

 

 

Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The sloped shore moves the 

existing Shoreline eastward approximately 1.5% of the river’s overall width (70 ft).  

The gain in river volume is less than 1% of the total volume as calculated based on 

the approximate cross-sectional area of the river at the Northwest Off-Shore Area. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  
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The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope  

Large Rip-rap 0.21 acres 

Steep Slope  

Large Rip-rap 

Proposed 0.69 acres 

Flatter Slope 

Rip-rap 0.30 acres 

Flatter Slope 

Rip-rap 

Net Gain/(Loss) 0.24 acres   0.08 acres   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative 

extends the sloped shore and armor up an additional 2 ft in elevation and 

assumes the upland would be completed at El. 6. The design requirements for 

potential sea level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   

 

8.4.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.4.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.4.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.4.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 
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Mass and Volume Removal 

 
Accessible  

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 160 lbs 100% 18,100 CY 

Backwater 2,400 lbs 10 lbs 0% 1,100 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 2,000 lbs 39% 2,900 CY 

Total 10,460 lbs 2,610 lbs 24% 22,400 CY 

 

 
 

Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 18,000 lbs 90% 18,100 CY 

Backwater 22,000 lbs 220 lbs 1% 1,100 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 1,200 lbs 80% 2,900 CY 

Total 71,500 lbs 19,440 lbs 26% 22,400 CY 

 

Total lead mass removed by this alternative is 12,800 lbs, or 58% of the mass. 

 

8.4.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 

 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 27,700 

Traffic (Truck Round-Trips) qty 1,190 

Carbon Footprint (GHG Emissions) metric tons 10,200 

Occupations Fatalities % Chance 0.74% 

Landfill Consumption CY 17,500 

Schedule (Project Duration) Months 44 
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8.4.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn does not increase the 

amount of traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 

emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 10,200 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 1,950 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 870 homes 

 CO2 emissions from burning approximately 53 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   
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Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

8.4.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for staff driving 

vehicles on-Site and for long distance drivers.  Work over and near water is of specific 

concern because these present an increased risk to workers. 

 

The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.4.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be replaced with a flatter, 

sloped rip-rap; therefore long-term habitat disturbance would be minimal for this 

alternative.  

 

8.4.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 

  

8.4.5.5  Schedule 

 

As previously discussed, the total project schedule includes Pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

 Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

20 24 44 
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8.4.6 Implementability  

 

8.4.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap, dredge, a 

Sloped Cap in the Northwest Off-Shore Area, and a DNAPL Barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the major components have been successfully constructed on a 

number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  

 

Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial design includes: 

 

 The DNAPL Barrier would be installed as a partial-height sheet pile 

(i.e. from river bottom to El. -15) with a silt curtain attached at the 

wall for turbidity control during construction of the Northwest Off-

Shore Area. The design would need to account for construction-phase 

wave, wind and ice forces as appropriate, which are not design 

concerns if the top of the DNAPL Barrier were to be at the river 

bottom. 

 

 Cathodic protection for the underwater sheet pile DNAPL barrier will 

need to be installed and maintained over the life of the structure.  

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 
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to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

 

 Creating and maintaining the underwater subgrade (surface underneath 

the rip-rap erosion control layer) will be challenging.  It is likely that 

temporary protection from wave action (temporary barriers, temporary 

floating wave dampeners) local wave dampening measures will need to 

be implemented to protect the slope prior to and during rip-rap 

placement.   

 

B. Ability to Measure Effectiveness 

 

The primary measures of effectiveness will be monitoring during construction 

and post-construction measurements to map the installed components to confirm 

that the work was completed in conformance with the Remedial Design. Pre-

design investigations will be conducted to obtain additional data for finalizing 

the locations and configurations for the DNAPL Barrier, dredging and 

subaqueous capping limits, and sloped cap geometry.  Pre-design sediment 

sampling will complete the delineation of contamination extents and thereby 

eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling.  

 

In addition to completing the subaqueous cap, backfill, and sloped cap in 

accordance with the remedial design, effectiveness of these components will be 

confirmed during the long-term monitoring program for this alternative, as 

described in Section 7.5. 

 

8.4.6.2    Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   
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B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.4.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  

 

B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

sloped shore capping. The reliability and viability of the engineering controls 

will be sustained by the long-term monitoring as described for this alternative 

and a maintenance program developed as part of the Remedial Design.  

Additional details for the long-term monitoring will also be developed as part of 

Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  This alternative achieves geotechnical stability for the 

sloped cap by flattening the shore slope in the Northwest Area.  The 

inclination of the slope was chosen to provide a minimum factor of 

safety of 1.5 for the permanent condition. A summary of factor of 

safety for the temporary and permanent conditions with discussion of 

the geotechnical slope stability evaluations is provided in Appendix H. 

The shore protection system for the sloped cap is designed to withstand, 

at minimum, 100-year river conditions. 

 

8.4.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

8.4.7 Cost Effectiveness 

 

8.4.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 
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limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 

 

8.4.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 

  

Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$9.4MM  $60.0MM  $8.6MM  $77.9MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs are major 

elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 

 

8.4.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  

 

Proportionality Evaluation 

 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 18,100 CY 160 lbs 100% 5 ppm 500 $/CY 

Backwater 1,100 CY 10 lbs 0% 6 ppm 600 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 2,900 CY 2,000 lbs 39% 430 ppm 6,100 $/CY 

Total 22,400 CY 2,610 lbs 24% 70 ppm 1,200 $/CY 
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Copper Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 18,100 CY 18,000 lbs 90% 620 ppm 500 $/CY 

Backwater 1,100 CY 220 lbs 1% 120 ppm 600 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 2,900 CY 

Not 

Available 

Not 

Available 

Not 

Available 6,100 $/CY 

Total 22,400 CY 19,440 lbs 26% 540 ppm 1,200 $/CY 

 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 

 

Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is moderate. A large volume of 

removal is required to achieve the percentage of PCBs and copper. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 

 

 Cost Effectiveness in the Northwest Off-Shore Area has limited applicability 

since dredging is a consequence of cap installation and sufficient data for 

copper is not available. 

 

 Cost effectiveness in the Backwater Area also has limited applicability since 

dredging is limited to focused removal of surface sediments. 

 

8.4.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area. 

 

8.4.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation and not within the construction setback 

from MLW) is only affected by the Northwest Area construction. 
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8.4.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site uplands 

above MLW) is only affected by the Northwest Area construction.  For reference, the 

total existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible 

land area following completion of this alternative would decrease by 0.49 acres. 

 

8.4.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

 

8.5 Alternative 4 – Nearshore Dredge (10-ft) and Backfill, Northwest Sloped Cap 

 

This alternative is generally described as follows (see Chapter 7 and Figures 10, 17, and 22 for 

additional details). 

 

 Nearshore Area: Contaminated sediments (PCBs greater than 1 ppm or Site-specific COC 

metals greater than the Site-specific Cleanup Levels) will be removed up to a maximum depth 

of 10 ft below existing mudline. Dredging would continue, up to 10 ft below existing mudline, 

in areas where documentation sampling identifies localized contaminated sediments with PCBs 

greater than 100 ppm. Residual contamination would be isolated using Subaqueous Backfill, 

which would also be used to restore existing bathymetry. Based on current data (see Appendix 

D), the majority of the Nearshore Area would be dredged to 6 ft below mudline, with some 

areas only requiring a dredge of 4 ft below mudline and one area requiring a dredge to 10 ft 

below mudline to remove contamination greater than Site-specific Cleanup Levels 

 

 Backwater Area: Institutional controls would be implemented to maintain the existing surface 

sediments that currently isolate contaminated sediments that are not exposed to surface waters 

or biota.  Localized contaminated surface sediments would be removed up to a maximum of 3 ft 

below the existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data (see Appendix D), two localized areas would 

require surface dredge within the Backwater Area. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 

require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Subaqueous Cap would be installed at a designed slope to 

provide containment of residual contamination. The construction of a designed slope would 

remove contaminated sediments above the designed subgrade. The Subaqueous Cap would 

include appropriate erosion control for the littoral and intertidal zones of the designed slope. 

Based on current data, a Subaqueous Cap would be placed on approximately a 6H:1V slope, 

with a maximum dredge of 14 ft below mudline. The top of the slope would be at El. 6.  
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8.5.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Removal of contaminated sediments in the Nearshore reduces volume of contaminated 

sediments and protects humans and biota from exposure.  Dredging up to 10 ft of 

contaminated sediment removes 100% of PCB, 100% of copper, and 100% of lead 

accessible mass in the Nearshore. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from post-dredge residual sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated surface sediments reduces volume of contaminated sediments. 

Surface dredging of localized areas (up to 3 ft) to remove contaminated sediment 

protects humans and biota from exposure. 

 

 Subaqueous Capping, Subaqueous Backfill and the existing surface sediments that are at 

or below background levels along with a thick existing sediment deposition provides 

protection sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Deepwater 

 

 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control.   
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Northwest Off-Shore Area 

 

 Subaqueous Capping prevents humans and biota from exposure to contaminated 

sediment.   

 

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Dredging for the designed slope protects humans and biota from exposure.   

 

 Stability for the area is provided through the construction of the designed slope. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 The sloped Subaqueous Cap accommodates potential future DNAPL recovery (OU-1). 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  This 

alternative also provides for restoration of a similar substrate in the Northwest Off-shore Area.  

While remediation of the entire Deepwater Area is not feasible, this alternative includes 

mitigating measures that remove sediments with the highest potential threat to the environment.  

Therefore this alternative achieves each of the RAOs. 

 

8.5.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 4 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 4 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 4 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 4 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.5.3.  

 

 NYS DER-31 Green Remediation:  Alternative 4 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 4 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  
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For purposes of comparing the extent to which Alternative 4 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.5.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 4 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.4 and Figures 10, 17, and 22).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 4 uses a rock 

slope with vegetative enhancements which is preferable to a bare rock slope or vertical 

wall.  More preferable natural, biotechnical, or bioengineered slope protection would 

not be effective in the severe wind-wave conditions in the Northwest Offshore Area. 

 

8.5.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Backfill 

in the Nearshore Area, Subaqueous Cap or chemical isolation provided by natural sediments in 

the Backwater Area, and Subaqueous Cap constructed on the designed slope in the Northwest 

Off-Shore Area and disposal of contaminated removed sediment at an off-Site disposal facility. 

 

8.5.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.5.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.5.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 
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8.5.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generated residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas), 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 

long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Backfill.  Remaining residual concentrations are 

presented in Appendix D.  Dredged areas in the Nearshore Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Backwater Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Cap or Backfill.  Remaining residual concentrations 

are presented in Appendix D.  Dredged areas in the Backwater Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Deeper remaining sediments (more than 3 ft below mudline) are contained by 

undisturbed overlying sediments with COC concentrations near or less than 

Site-specific Cleanup Levels.  Long-term natural containment by the overlying 

sediments is supported by the fact that these areas have a thick deposition. 

Long-term control can be effectively managed with implementation of 

institutional controls to ensure these deeper remaining sediments are not 

exposed to the surface.   
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Deepwater Areas: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of modified Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D.  Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.  This alternative would reduce the maximum 

Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the highest contaminated sediments. 

 

Northwest Area: 

 

As part of the designed slope installation, a portion of contaminated sediments 

in the Northwest Area will be removed. Remaining sediments exposed by the 

slope construction will be isolated through the installation of a Subaqueous Cap 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Sediment concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in river volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 
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Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The sloped shore moves the 

existing Shoreline eastward approximately 1.5% of the river’s overall width (70 ft).  

The gain in river volume is less than 1% of the total volume as calculated based on 

the approximate cross-sectional area of the river at the Northwest Off-Shore Area. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope  

Large Rip-rap 0.21 acres 

Steep Slope  

Large Rip-rap 

Proposed 0.69 acres 

Flatter Slope 

Rip-rap 0.30 acres 

Flatter Slope 

Rip-rap 

Net Gain/(Loss) 0.24 acres   0.08 acres   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative 

extends the sloped shore and armor up an additional 2 ft in elevation and 

assumes the upland would be completed at El. 6. The design requirements for 

potential sea level change will be addressed during Remedial Design. 

  

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   

 



141 

8.5.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.5.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.5.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.5.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 

 

Mass and Volume Removal 

 
Accessible  

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 160 lbs 100% 19,400 CY 

Backwater 2,400 lbs 10 lbs 0% 1,100 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 2,000 lbs 39% 2,900 CY 

Total 10,460 lbs 2,610 lbs 24% 23,300 CY 

 

 
 

Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 19,000 lbs 100% 19,400 CY 

Backwater 22,000 lbs 220 lbs 1% 1,100 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 1,200 lbs 80% 2,900 CY 

Total 71,500 lbs 20,440 lbs 29% 23,300 CY 

 

Total lead mass removed by this alternative is 14,300 lbs, or 64% of the mass. 

 

8.5.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 
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 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 27,700 

Traffic (Truck Round-Trips) qty 1,190 

Carbon Footprint (GHG Emissions) metric tons 10,200 

Occupations Fatalities % Chance 0.74% 

Landfill Consumption CY 17,500 

Schedule (Project Duration) Months 44 

 

8.5.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn reduces the amount of 

traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 
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emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 10,200 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 1,950 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 870 homes 

 CO2 emissions from burning approximately 53 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

8.5.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for staff driving 

vehicles on-Site and for long distance drivers.  Work over and near water is of specific 

concern because these present an increased risk to workers. 

 

The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.5.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be replaced with a flatter, 

sloped large rip-rap; therefore long-term habitat disturbance would be minimal.  

 

8.5.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 
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8.5.5.5  Schedule 

 

As previously discussed, the total project schedule includes Pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

 Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

20 24 44 

 

8.5.6 Implementability  

 

8.5.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap, dredge, a 

Sloped Cap in the Northwest Off-Shore Area, and a DNAPL Barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the major components have been successfully constructed on a 

number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  

 

Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial design includes: 

 

 The DNAPL Barrier would be installed as a partial-height sheet pile 

(i.e. from river bottom to El. -15) with a silt curtain attached at the 

wall for turbidity control during construction of the Northwest Off-

Shore Area. The design would need to account for construction-phase 
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wave, wind and ice forces as appropriate, which are not design 

concerns if the top of the DNAPL Barrier were to be at the river 

bottom. 

 

 Cathodic protection for the underwater sheet pile DNAPL barrier will 

need to be installed and maintained over the life of the structure.  

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 

to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

 

 Creating and maintaining the underwater subgrade (surface underneath 

the rip-rap erosion control layer) will be challenging.  It is likely that 

temporary protection from wave action (temporary barriers, temporary 

floating wave dampeners) local wave dampening measures will need to 

be implemented to protect the slope prior to and during rip-rap 

placement.   

 

B. Ability to Measure Effectiveness 

 

The primary measures of effectiveness will be monitoring during construction 

and post-construction measurements to map the installed components to confirm 

that the work was completed in conformance with the Remedial Design. Pre-

design investigations will be conducted to obtain additional data for finalizing 

the locations and configurations for the DNAPL Barrier, dredging and 

subaqueous capping limits, and sloped cap geometry.  Pre-design sediment 

sampling will complete the delineation of contamination extents and thereby 

eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling.  

 

In addition to completing the subaqueous cap, backfill, and sloped cap in 

accordance with the remedial design, effectiveness of these components will be 
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confirmed during the long-term monitoring program for this alternative, as 

described in Section 7.5. 

 

8.5.6.2    Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   

 

B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.5.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  

 

B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

sloped shore capping. The reliability and viability of the engineering controls 

will be sustained by the long-term monitoring as described for this alternative 

and a maintenance program developed as part of the Remedial Design.  

Additional details for the long-term monitoring will also be developed as part of 

Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  This alternative achieves geotechnical stability for the 

sloped cap by flattening the shore slope in the Northwest Area.  The 

inclination of the slope was chosen to provide a minimum factor of 

safety of 1.5 for the permanent condition. A summary of factor of 

safety for the temporary and permanent conditions with discussion of 

the geotechnical slope stability evaluations is provided in Appendix H. 
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The shore protection system for the sloped cap is designed to withstand, 

at minimum, 100-year river conditions. 

 

8.5.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

8.5.7 Cost Effectiveness 

 

8.5.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 

limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 

 

8.5.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 

  

Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$9.4MM  $60.7MM  $8.6MM  $78.6MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs are major 

elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 

 

8.5.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  
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Proportionality Evaluation 

 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 160 lbs 100% 5 ppm 500 $/CY 

Backwater 1,100 CY 10 lbs 0% 6 ppm 600 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 2,900 CY 2,000 lbs 39% 430 ppm 6,100 $/CY 

Total 23,300 CY 2,610 lbs 24% 70 ppm 1,200 $/CY 

      
Copper Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 19,000 lbs 100% 620 ppm 500 $/CY 

Backwater 1,100 CY 220 lbs 1% 120 ppm 600 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 2,900 CY 

Not 

Available 

Not 

Available 

Not 

Available 6,100 $/CY 

Total 23,300 CY 20,440 lbs 29% 540 ppm 1,200 $/CY 

 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 

 

Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is moderate due to the large volume of 

removal, although a significant percentage of PCBs and copper is removed. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 

 

 Cost Effectiveness in the Northwest Off-Shore Area has limited applicability 

since dredging is a consequence of cap installation and sufficient data for 

copper is not available. 

 

 Cost effectiveness in the Backwater Area also has limited applicability since 

dredging is limited to focused removal of surface sediments. 

 

8.5.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 
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For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area. 

 

8.5.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation and not within the construction setback 

from MLW) is only affected by the Northwest Area construction.  

 

8.5.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site uplands 

above MLW) is only affected by the Northwest Area construction.  For reference, the 

total existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible 

land area following completion of this alternative would decrease by 0.49 acres. 

 

8.5.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

 

8.6 Alternative 5 – Nearshore Cap with Dredge (for cap), Northwest Extension 

 

This alternative is generally described as follows (see Chapter 7 and Figures 11, 18, and 20 for 

additional details). 

 

 Nearshore Area: A Subaqueous Cap would be placed to contain post-dredge residual sediments 

(isolate remaining sediments containing PCBs greater than 1 ppm or Site-specific COC metals 

greater than the Site-specific Cleanup Levels). The installation of a Subaqueous Cap would 

include removal of sediments prior to placing the cap to maintain existing bathymetry post 

remedy. This alternative would include sediment removal of 3 ft below existing mudline and 

any additional localized contaminated sediment identified during documentation sampling with 

PCBs greater than 10 ppm up to a depth of 6 ft below mudline. Based on current data (see 

Appendix D), placement of a Subaqueous Cap would encompass the entire Nearshore Area. 

 

 Backwater Area: Institutional controls would be implemented to maintain the existing surface 

sediments that currently isolate contaminated sediments that are not exposed to surface waters 

or biota.  Localized contaminated surface sediments would be removed up to a maximum of 3 ft 

below the existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data (see Appendix D), two localized areas would 

require surface dredge within the Backwater Area. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 
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require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Northwest Extension would be installed to contain contaminated 

sediments. The Northwest Extension includes raising final grade above MHW with a bulkhead 

wall and cover system composed of clean, lightweight fill material placed over the 

contaminated sediment. The bulkhead wall would be driven into the Basal Sand (approximately 

7 to 10 ft) outboard of the existing rip-rap slope and no removal of contaminated sediment 

would be performed within the Northwest Extension. Configuration of the wall would be 

determined during Remedial Design and would include a heavy bulkhead wall, tie-rods, a sheet 

pile deadman located approximately 150 ft inland and a significant corrosion protection system. 

The final grade would be at El. 6.  

 

8.6.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Subaqueous Capping isolates the residual contamination from exposure to humans and 

biota.   

 

 Removal of contaminated surface sediments reduces the mass of COCs and therefore 

further isolates humans and biota from exposure.  Dredging 3 ft of contaminated 

sediment removes 89% of PCB, 35% of copper, and 18% of lead accessible mass in the 

Nearshore. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated surface sediments reduces volume of contaminated sediments. 

Surface dredging of localized areas (up to 3 ft) to remove contaminated sediment 

protects humans and biota from exposure. 

 

 Subaqueous Capping, Subaqueous Backfill and the existing surface sediments that are at 

or below background levels along with a thick existing sediment deposition provides 

protection sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Deepwater 
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 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control as discussed in the 2003 OU-2 PRAP.  

 

Northwest Off-Shore Area 

 

 Non-subaqueous capping (construction of a Northwest Extension) provides protection 

sufficient to isolate humans and biota from exposure to contaminated sediment. 

 

 Stability for the area is provided through the construction of the Northwest Extension. 

 

 Impacts to the river (e.g. volume, area, and substrate) will be limited to the extent 

feasible during the Remedial Design and can be mitigated on-Site. 

 

 The Northwest Extension does not prohibit installations related to potential future 

DNAPL recovery for OU-1. 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  While 

remediation of the entire Deepwater Area is not feasible, this alternative includes mitigating 

measures that remove sediments with the highest potential threat to the environment.  Therefore 

this alternative achieves each of the RAOs. 

 

8.6.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 5 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 5 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 5 and because 

approval for modifying the Hudson River, its bed, and its banks will be obtained during 

the final design and permitting process.  The extent to which Alternative 5 is expected 

to impact the area, volume, substrate type, littoral zone and intertidal zone of the 

Hudson River is presented in Section 8.6.3.  
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 NYS DER-31 Green Remediation:  Alternative 5 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 5 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  

For purposes of comparing the extent to which Alternative 5 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.6.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 5 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.5 and Figures 11, 18, and 20).  A notable 

exception is that compliance with the PRGs in Deepwater Areas may not be technically 

practicable from an engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 5 uses a vertical 

wall which is less preferred than a bare rock slope or or vegetated rock slope.  Natural, 

biotechnical, or bioengineered slope protection would not be effective in the severe 

wind-wave conditions in the Northwest Offshore Area. 

 

8.6.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Cap in 

the Nearshore Area, Subaqueous Cap or chemical isolation provided by natural sediments in the 

Backwater Area, the Northwest Extension in the Northwest Off-Shore Area and disposal of 

contaminated removed sediment at an off-Site disposal facility. 

 

8.6.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.6.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment.  Depositional environments would 

increase long-term effectiveness and permanence.  Long-term monitoring and 

maintanence would also support permanence.   
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8.6.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

8.6.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging of defined areas containing 

Concentrated PCB Material are reduced due to the properties of the material 

and therefore these sediments should be removed despite the impact of 

generated residuals by this dredging outside turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Cap or Backfill.  Remaining residual concentrations 

are presented in Appendix D.  Dredged areas in the Nearshore Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Backwater Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Cap or Backfill.  Remaining residual concentrations 

are presented in Appendix D.  Dredged areas in the Backwater Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 
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Deeper remaining sediments (more than 3 ft below mudline) are contained by 

undisturbed overlying sediments with COC concentrations near or less than 

Site-specific Cleanup Levels.  Long-term natural containment by the overlying 

sediments is supported by the fact that these areas have a thick deposition. 

Long-term control can be effectively managed with implementation of 

institutional controls to ensure these deeper remaining sediments are not 

exposed to the surface.   

 

Deepwater Areas: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of modified Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D.  Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.   This alternative would reduce the maximum 

Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the highest contaminated sediments. 

 

Northwest Off-Shore Area: 

 

The Northwest Off-Shore Area will be enclosed by a bulkhead wall and non-

subaqueous cap.  The cap will be comprised of clean imported material and 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Remaining residual concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 
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reduction in river volume due to material placed in the river and positive values 

indicate a net increase in river volume. 

 

Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss -68,515 CY -0.69 Acres -73,865 CY -0.89 Acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The Northwest Extension moves 

the existing Shoreline westward approximately 1.75% (85 ft) of the river’s overall 

width.  The loss in river volume is less than 1% of the total volume as calculated 

based on the approximate cross-sectional area of the river at the Northwest Off-

Shore Area.  Mitigation for this extension into the river will be determined during 

Remedial Design. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope 

Large Rip-rap 0.21 acres 

Steep Slope 

Large Rip-rap 

Proposed 0.00 acres Vertical Barrier 0.00 acres Vertical Barrier 

Net Gain/(Loss) (0.45 Acres)   (0.21 Acres)   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed to upland.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative raises 

the Northwest Extension up an additional 2 ft in elevation and assumes the 

upland would be completed at El. 6. The design requirements for potential sea 

level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   
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8.6.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.6.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.6.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.6.4.3  Volume 

 

This alternative will remove contaminated sediments in various OU-2 Site areas as 

summarized below.  A summary of mass accessible for removal, mass removed and 

volume of sediment removed is shown below: 

 

Mass and Volume Removal 

 
Accessible 

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 140 lbs 89% 11,500 CY 

Backwater 2,400 lbs 10 lbs 0% 1,100 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 0 lbs 0% 0 CY 

Total 10,460 lbs 590 lbs 6% 12,900 CY 

 

 Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 6,800 lbs 35% 11,500 CY 

Backwater 22,000 lbs 220 lbs 1% 1,100 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 0 lbs 0% 0 CY 

Total 71,500 lbs 7,040 lbs 10% 12,900 CY 

 

Total lead mass removed by this alternative is 8,600 lbs, or 39% of the total accessible 

mass. 

 

8.6.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 
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 Landfill Consumption 

 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 27,600 

Traffic (Truck Round-Trips) qty 380 

Carbon Footprint (GHG Emissions) metric tons 10,300 

Occupations Fatalities % Chance 0.56% 

Landfill Consumption CY 5,600 

Schedule (Project Duration) Months 48 

 

8.6.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn reduces the amount of 

traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or within the 

Hudson River and will not generate dust.  Dust generated by Site activities on land 

(e.g. material handling) will be suppressed by dust control measures (water, etc.) and 

monitored as defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions represent the total quantity of particulate that is estimated to 

be emitted over the duration of the respective alternative.  Particulate emission is 

correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 
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Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 

emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 10,300 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 1,970 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 880 homes 

 CO2 emissions from burning approximately 53 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

 

8.6.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for all staff 

driving vehicles on-Site and for long distance drivers.  Work over and near water is of 

specific concern because these present an increased risk to workers. 

 

The potential for occupational fatalities is based on hours worked for various trades 

using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.6.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be removed for this alternative.  

Mitigation features to offset river impacts, as required, will be developed during the 

Remedial Design could be implemented on-Site.  
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8.6.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 

  

8.6.5.5  Schedule 

 

As previously discussed, the total project schedule includes pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

 Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

24 24 48 

 

8.6.6 Implementability  

 

8.6.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap and 

Backfill, dredge, a Northwest Extension, and a DNAPL barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the four major components have been successfully constructed 

on a number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  
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Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial Design includes: 

 

 Construction sequencing of the deadman, anchor rods and fill behind 

the bulkhead wall would account for various loading conditions during 

construction.  In particular the sequence will consider how much 

backfill the bulkhead wall can support before anchor rods are needed.  

After the anchor rods are installed, the placement of additional backfill 

beneath the anchor rods will be inhibited by the presence of the rods. 

 

 The alignment of the bulkhead wall shown on Figure 12 is based on the 

alignment closest to shore that, based on current data, the wall can be 

installed without encountering significant obstructions that would 

impact the wall's ability to act as a barrier.  The alignment shown is 

based on the results of the rip-rap investigation probes completed in 

2010.  However, the wall alignment may be shifted either inboard or 

outboard based on the presence of obstructions identified during the 

Remedial Design or construction.  

 

 Placing the lightweight fill to create the land extension in the Northwest 

Area will result in settlement of the upland area.  The tie-rod and 

deadman system will be designed to accommodate the settlement, and 

maintenance grading will be performed over time to add fill to the areas 

that experience settlement.  

 

 Placement and compaction under water of light weight fill behind the 

bulkhead wall will be difficult due to the low material density.   

 

 DNAPL Barrier Installation. The bulkhead wall will also function as a 

DNAPL barrier to mitigate potential migration along the Fill / Marine 

Silt interface.  

 

 During construction, the bulkhead wall will also be employed for 

turbidity control; the design will need to account for construction-phase 

wave, wind and ice forces as appropriate. 

 

 Dynamic forces on the slopes and bulkhead wall due to a seismic event 

have not been included in this feasibility study and will be assessed 

during the Remedial Design.  However, considering only the static 

forces on the wall, the wall will be a significant structure, requiring 

member lengths that are near the upper limit of what is available.  It is 

possible that the addition of seismic forces will put the wall near the 

limit of what is feasibly constructible.  If this is found to be the case 

during the Remedial Design, additional support (berm or other 

structures) or bulkhead wall modifications may be required to provide 

the additional resistance needed for the seismic design event. 

   

 Cathodic protection for the sheet pile DNAPL barrier will need to be 

installed and maintained over the life of the structure.  
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 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland. 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 

to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

 

B. Ability to Measure Effectiveness 

 

The primary measure of effectiveness will be monitoring during construction 

and post-construction measurements to map the installed components to confirm 

that the work was completed in conformance with the Remedial Design. Pre-

design investigations will be conducted to obtain additional data for finalizing 

the locations and configurations for the DNAPL Barrier, dredging and 

subaqueous capping limits, and Northwest Extension geometry.  Pre-design 

sediment sampling will complete the delineation of contamination extents and 

thereby eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling. 

 

In addition to completing the subaqueous cap, backfill, and Northwest 

Extension, effectiveness of these components will be confirmed during the 

long-term monitoring program for this alternative, as described in Section 7.5. 

 

8.6.6.2    Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   
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B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.6.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  

 

B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

non-subaqueous capping. The reliability and viability of the engineering 

controls will be sustained by the long-term monitoring as described for this 

alternative and a maintenance program developed as part of the Remedial 

Design.  Additional details for the long-term monitoring will also be developed 

as part of Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  For temporary slope stability, the factor of safety for 

the 3 ft dredge achieves the minimum required 1.5.  A factor of safety 

summary for the temporary and permanent conditions with discussion 

of the geotechnical slope stability evaluations is provided in Appendix 

H. 

 

8.6.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

8.6.7 Cost Effectiveness 

 

8.6.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 

limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 
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8.6.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 

  

Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$10.0MM  $69.1MM  $9.9MM  $89.0MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs are major 

elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 

 

8.6.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

As stated previously, mass calculations have been completed for PCBs and copper only, 

since they are the two primary COCs in the river sediments.  

 

Proportionality Evaluation 

 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 11,500 CY 140 lbs 89% 8 ppm 500  $/CY 

Backwater 1,100 CY 10 lbs 0% 6 ppm 600 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 0 CY 0 lbs 0% 0 ppm -- 

Total 12,900 CY 590 lbs 6% 30 ppm 500 $/CY 

      
Copper Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 11,500 CY 6,800 lbs 35% 370 ppm 500 $/CY 

Backwater 1,100 CY 220 lbs 1% 120 ppm 600 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 0 CY 

Not 

Available 

Not 

Available 

Not 

Available 

Not 

Available 

Total 12,900 CY 7,040 lbs 10% 340 ppm 500 $/CY 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 
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Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 

 

Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is high because a significant 

percentage of PCBs and copper is removed and the cost per cubic yard of 

removal for both PCBs and copper is low relative to other areas. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 

 

 Cost Effectiveness in the Northwest Off-Shore Area is not applicable due to no 

removal in this area. 

 

 Cost effectiveness in the Backwater Area also has limited applicability since 

dredging is limited to focused removal of surface sediments.  This provides 

removal of exposed COCs without disturbing habitat areas where naturally 

deposited sediments are less than background values.   

 

8.6.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area. 

 

8.6.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation, not impacted by bulkhead wall systems, 

and not within the construction setback from MLW) is only affected by the Northwest 

Area construction. 

 

8.6.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site uplands 

above MLW) is only affected by the Northwest Area construction.  For reference, the 

total existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible 

land area following completion of this alternative would increase by 0.69 acres. 

 

8.6.9 Community Acceptance 
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Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

  

8.7 Alternative 6 – Nearshore Dredge (6-ft) and Backfill, Northwest Extension 

 

This alternative is generally described as follows (see Chapter 7 and Figures 12, 18, and 21 for 

additional details). 

 

 Nearshore Area: Contaminated sediments (PCBs greater than 1 ppm or Site-specific COC 

metals greater than the Site-specific Cleanup Levels) would be removed up to a maximum depth 

of 6 ft below existing mudline. Dredging would continue, up to 10 ft below existing mudline, in 

areas where documentation sampling identifies localized contaminated sediments with PCBs 

greater than 100 ppm. Residual contamination would be isolated using Subaqueous Backfill, 

which would also be used to restore existing bathymetry. Based on current data (see Appendix 

D), the majority of the Nearshore Area would be dredged to 6 ft below mudline, with some 

areas only requiring a dredge of 4 ft below mudline to remove contamination greater than Site-

specific Cleanup Levels. 

 

 Backwater Area: Institutional controls would be implemented to maintain the existing surface 

sediments that currently isolate contaminated sediments that are not exposed to surface waters 

or biota.  Localized contaminated surface sediments would be removed up to a maximum of 3 ft 

below the existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data (see Appendix D), two localized areas would 

require surface dredge within the Backwater Area. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 

require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Northwest Extension would be installed to contain contaminated 

sediments. The Northwest Extension includes raising final grade above MHW with a bulkhead 

wall and cover system composed of clean, lightweight fill material placed over the 

contaminated sediment. The bulkhead wall would be driven into the Basal Sand (approximately 

7 to 10 ft) outboard of the existing rip-rap slope and no No removal of contaminated sediment 

would be performed as part of the Northwest Extension. Configuration of the wall would be 

determined during Remedial Design and would include a heavy bulkhead wall, tie-rods, a sheet 

pile deadman located approximately 150 ft inland and a significant corrosion protection system. 

The final grade would be at El. 6.  

 

8.7.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Removal of contaminated sediments in the Nearshore reduces volume of contaminated 

sediments and protects humans and biota from exposure.  Dredging 6 ft of 
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contaminated sediment removes 100% of PCB, 90% of copper, and 71% of lead 

accessible mass in the Nearshore. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Minimizing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated surface sediments reduces volume of contaminated sediments. 

Surface dredging of localized areas (up to 3 ft) to remove contaminated sediment 

protects humans and biota from exposure. 

 

 Subaqueous Capping, Subaqueous Backfill and the existing surface sediments that are at 

or below background levels along with a thick existing sediment deposition provides 

protection sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Deepwater 

 

 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control as discussed in the 2003 OU-2 PRAP.  

 

Northwest Off-Shore Area 

 

 Non-subaqueous capping (construction of a Northwest Extension) provides protection 

sufficient to isolate humans and biota from exposure to contaminated sediment. 

 

 Stability for the area is provided through the construction of the Northwest Extension. 

 

 Impacts to the river (e.g. volume, area, and substrate) will be limited to the extent 

feasible during the Remedial Design and can be mitigated on-Site. 
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 The Northwest Extension does not prohibit installations related to potential future 

DNAPL recovery for OU-1. 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  While 

remediation of the entire Deepwater Area is not feasible, this alternative includes mitigating 

measures that remove sediments with the highest potential threat to the environment.  Therefore 

this alternative achieves each of the RAOs. 

 

8.7.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 6 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 6 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 6 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 6 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.7.3.  

 

 NYS DER-31 Green Remediation:  Alternative 6 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 6 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  

For purposes of comparing the extent to which Alternative 6 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.7.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 6 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.6 and Figures 12, 18, and 21).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   
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 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 6 uses a vertical 

wall which is less preferred than a bare rock slope or vegetated rock slope.  Natural, 

biotechnical, or bioengineered slope protection would not be effective in the severe 

wind-wave conditions in the Northwest Offshore Area. 

 

8.7.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Backfill 

in the Nearshore Area, Subaqueous Cap or chemical isolation provided by natural sediments in 

the Backwater Area, the Northwest Extension in the Northwest Off-Shore Area and disposal of 

contaminated removed sediment at an off-Site disposal facility. 

 

8.7.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.7.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.7.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

8.7.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 
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long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Backfill.  Remaining residual concentrations are 

presented in Appendix D.  Dredged areas in the Nearshore Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Backwater Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Cap or Backfill.  Remaining residual concentrations 

are presented in Appendix D.  Dredged areas in the Backwater Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Deeper remaining sediments (more than 3 ft below mudline) are contained by 

undisturbed overlying sediments with COC concentrations near or less than 

Site-specific Cleanup Levels.  Long-term natural containment by the overlying 

sediments is supported by the fact that these areas have a thick deposition. 

Long-term control can be effectively managed with implementation of 

institutional controls to ensure these deeper remaining sediments are not 

exposed to the surface.   

 

Deepwater Areas: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of modified Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D.  Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.  This alternative would reduce the maximum 

Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the highest contaminated sediments. 
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Northwest Off-Shore Area: 

 

The Northwest Off-Shore Area will be enclosed by a bulkhead wall and non-

subaqueous cap.  The cap will be comprised of clean imported material and 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Remaining residual concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 

 

Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss -68,515 CY -0.69 Acres -73,865 CY -0.89 Acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The Northwest Extension moves 

the existing Shoreline westward approximately 1.75% (85 ft) of the river’s overall 

width.  The loss in river volume is less than 1% of the total volume as calculated 

based on the approximate cross-sectional area of the river at the Northwest Off-

Shore Area.  Mitigation for this extension into the river will be determined during 

Remedial Design. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 
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include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope 

Large Rip-rap 0.21 acres 

Steep Slope 

Large Rip-rap 

Proposed 0.00 acres Vertical Barrier 0.00 acres Vertical Barrier 

Net Gain/(Loss) (0.45 Acres)   (0.21 Acres)   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed to upland.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative raises 

the Northwest Extension up an additional 2 ft in elevation and assumes the 

upland would be completed at El. 6. The design requirements for potential sea 

level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   

 

8.7.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.7.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.7.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.7.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 
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Mass and Volume Removal 

 
Accessible 

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 160 lbs 100% 18,100 CY 

Backwater 2,400 lbs 10 lbs 0% 1,100 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 0 lbs 0% 0 CY 

Total 10,460 lbs 610 lbs 4% 19,500 CY 

 

 
 

Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 18,000 lbs 90% 18,100 CY 

Backwater 22,000 lbs 220 lbs 1% 1,100 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 0 lbs 0% 0 CY 

Total 71,500 lbs 18,240 lbs 23% 19,500 CY 

 

Total lead mass removed by this alternative is 11,200 lbs, or 50% of the mass. 

 

8.7.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 

 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 27,600 

Traffic (Truck Round-Trips) qty 390 

Carbon Footprint (GHG Emissions) metric tons 10,700 

Occupations Fatalities % Chance 0.57% 

Landfill Consumption CY 5,800 

Schedule (Project Duration) Months 48 

 

8.7.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 



173 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn reduces the amount of 

traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 

emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 10,700 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 2,050 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 910 homes 

 CO2 emissions from burning approximately 56 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 
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8.7.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for all staff 

driving vehicles on-Site and for long distance drivers.  Work over and near water is of 

specific concern because these present an increased risk to workers. 

 

The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.7.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be removed for this alternative.  

Mitigation features to offset river impacts, as required, will be developed during the 

Remedial Design and implemented on-Site.  

 

8.7.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 

  

8.7.5.5  Schedule 

 

As previously discussed, the total project schedule includes Pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

24 24 48 
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8.7.6 Implementability  

 

8.7.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap and 

Backfill, dredge, a Northwest Extension, and a DNAPL barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the four major components have been successfully constructed 

on a number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  

 

Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial design includes: 

 

 Construction sequencing of the deadman, anchor rods and fill behind 

the bulkhead wall would account for various loading conditions during 

construction.  In particular the sequence will consider how much 

backfill the bulkhead wall can support before anchor rods are needed.  

After the anchor rods are installed, the placement of additional backfill 

beneath the anchor rods will be inhibited by the presence of the rods. 

 

 The alignment of the bulkhead wall shown on Figure 12 is based on the 

alignment closest to shore that, based on current data, the wall can be 

installed without encountering significant obstructions that would 

impact the wall's ability to act as a barrier.  The alignment shown is 

based on the results of the rip-rap investigation probes completed in 

2010.  However, the wall alignment may be shifted either inboard or 

outboard based on the presence of obstructions identified during the 

Remedial Design or construction.  

 

 Placing the lightweight fill to create the land extension in the Northwest 

Area will result in settlement of the upland area.  The tie-rod and 
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deadman system will be designed to accommodate the settlement, and 

maintenance grading will be performed over time to add fill to the areas 

that experience settlement.  

 

 Placement and compaction under water of light weight fill behind the 

bulkhead wall will be difficult due to the low material density.   

 

 DNAPL Barrier Installation. The bulkhead wall will also function as a 

DNAPL barrier to mitigate potential migration along the Fill / Marine 

Silt interface.  

 

 During construction, the bulkhead wall will also be employed for 

turbidity control; the design will need to account for construction-phase 

wave, wind and ice forces as appropriate. 

 

 Dynamic forces on the slopes and bulkhead wall due to a seismic event 

have not been included in this feasibility study and will be assessed 

during the Remedial Design.  However, considering only the static 

forces on the wall, the wall will be a significant structure, requiring 

member lengths that are near the upper limit of what is available.  It is 

possible that the addition of seismic forces will put the wall near the 

limit of what is feasibly constructible.  If this is found to be the case 

during the Remedial Design, additional support (berm or other 

structures) or bulkhead wall modifications may be required to provide 

the additional resistance needed for the seismic design event.   

 

 Cathodic protection for the sheet pile DNAPL barrier will need to be 

installed and maintained over the life of the structure.  

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland. 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 

to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

  



177 

 

B. Ability to Measure Effectiveness 

 

The primary measure of effectiveness will be monitoring during construction 

and post-construction measurements to map the installed components to confirm 

that the work was completed in conformance with the Remedial Design. Pre-

design investigations will be conducted to obtain additional data for finalizing 

the locations and configurations for the DNAPL Barrier, dredging and 

subaqueous capping limits, and Northwest Extension geometry.  Pre-design 

sediment sampling will complete the delineation of contamination extents and 

thereby eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling. 

 

In addition to completing the subaqueous cap, backfill, and Northwest 

Extension, effectiveness of these components will be confirmed during the 

long-term monitoring program for this alternative, as described in Section 7.5. 

 

8.7.6.2  Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   

 

B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.7.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  
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B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

non-subaqueous capping. The reliability and viability of the engineering 

controls will be sustained by the long-term monitoring as described for this 

alternative and a maintenance program developed as part of the Remedial 

Design.  Additional details for the long-term monitoring will also be developed 

as part of Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  For temporary slope stability, the factor of safety for 

the 6 ft dredge achieves the minimum required 1.5.  A factor of safety 

summary for the temporary and permanent conditions with discussion 

of the geotechnical slope stability evaluations is provided in Appendix 

H. 

 

8.7.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

8.7.7  Cost Effectiveness 

 

8.7.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 

limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 

 

8.7.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 

  

Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$10.0MM  $72.7MM  $9.9MM  $92.6MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs are major 

elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 
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8.7.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  

 

 Proportionality Evaluation 

  

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 18,100 CY 160 lbs 100% 5 ppm 500 $/CY 

Backwater 1,100 CY 10 lbs 0% 6 ppm 600 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 0 CY 0 lbs 0% 0 ppm -- 

Total 19,500 CY 610 lbs 4% 20 ppm 500 $/CY 

      
Copper 

Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 18,100 CY 18,000 lbs 90% 620 ppm 500 $/CY 

Backwater 1,100 CY 220 lbs 1% 120 ppm 600 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 0 CY 

Not 

Available 

Not 

Available 

Not 

Available 

Not 

Available 

Total 19,500 CY 18,240 lbs 23% 580 ppm 500 $/CY 

 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 

 

Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is moderate due to the large volume of 

removal, although significant percentages of PCBs and copper are removed. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 

 

 Cost Effectiveness in the Northwest Off-Shore Area is not applicable due to no 

removal in this area. 
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 Cost effectiveness in the Backwater Area also has limited applicability since 

dredging is limited to focused removal of surface sediments. 

 

8.7.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area 

 

8.7.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation, not impacted by bulkhead wall systems, 

and not within the construction setback from MLW) is only affected by the Northwest 

Area construction.  

 

8.7.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site uplands 

above MLW) is only affected by the Northwest Area construction.  For reference, the 

total existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible 

land area following completion of this alternative would increase by 0.69 acres. 

 

8.7.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

  

8.8 Alternative 7 – Nearshore Dredge (10-ft) and Backfill, Northwest Extension 

 

This alternative is generally described as follows (see Chapter 7 and Figures 13, 18, and 22 for 

additional details). 

 

 Nearshore Area: Contaminated sediments (PCBs greater than 1 ppm or Site-specific COC 

metals greater than the Site-specific Cleanup Levels) will be removed up to a maximum depth 

of 10 ft below existing mudline. Dredging would continue, up to 10 ft below existing mudline, 

in areas where documentation sampling identifies localized contaminated sediments with PCBs 

greater than 100 ppm. Residual contamination would be isolated using Subaqueous Backfill, 

which would also be used to restore existing bathymetry. Based on current data (see Appendix 

D), the majority of the Nearshore Area would be dredged to 6 ft below mudline, with some 

areas only requiring a dredge of 4 ft below mudline and one area requiring a dredge to 10 ft 

below mudline to remove contamination greater than Site-specific Cleanup Levels 

 



181 

 Backwater Area: Institutional controls would be implemented to maintain the existing surface 

sediments that currently isolate contaminated sediments that are not exposed to surface waters 

or biota.  Localized contaminated surface sediments would be removed up to a maximum of 3 ft 

below the existing mudline and backfilled or capped based on the results of the post-dredge 

documentation sampling.  Based on current data (see Appendix D), two localized areas would 

require surface dredge within the Backwater Area. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 

require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Northwest Extension would be installed to contain contaminated 

sediments. The Northwest Extension includes raising final grade above MHW with a bulkhead 

wall and cover system composed of clean, lightweight fill material placed over the 

contaminated sediment. The bulkhead wall would be driven into the Basal Sand (approximately 

7 to 10 ft) outboard of the existing rip-rap slope and no No removal of contaminated sediment 

would be performed as part of the Northwest Extension. Configuration of the wall would be 

determined during Remedial Design and would include a heavy bulkhead wall, tie-rods, a sheet 

pile deadman located approximately 150 ft inland and a significant corrosion protection system. 

The final grade would be at El. 6.  

 

8.8.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Removal of contaminated sediments in the Nearshore reduces volume of contaminated 

sediments and protects humans and biota from exposure.  Dredging 10 ft of 

contaminated sediment removes 100% of PCB, 100% of copper, and 100% of lead 

accessible mass in the Nearshore. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Reducing the volume of material handling reduces short-term impacts. 
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Backwater 

  

 Removal of contaminated surface sediments reduces volume of contaminated sediments. 

Surface dredging of localized areas (up to 3 ft) to remove contaminated sediment 

protects humans and biota from exposure. 

 

 Subaqueous Capping, Subaqueous Backfill and the existing surface sediments that are at 

or below background levels along with a thick existing sediment deposition provides 

protection sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Design of erosion protection for Subaqueous Caps and shore areas for existing 

conditions and for potential sea level change provides long-term effectiveness. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Deepwater 

 

 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control as discussed in the 2003 OU-2 PRAP.  

 

Northwest Off-Shore Area 

 

 Non-subaqueous capping (construction of a Northwest Extension) provides protection 

sufficient to isolate humans and biota from exposure to contaminated sediment. 

 

 Stability for the area is provided through the construction of the Northwest Extension. 

 

 Impacts to the river (e.g. volume, area, and substrate) will be limited to the extent 

feasible during the Remedial Design and can be mitigated on-Site. 

 

 The Northwest Extension does not prohibit installations related to potential future 

DNAPL recoveryfor OU-1. 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  While 

remediation of the entire Deepwater Area is not feasible, this alternative includes mitigating 

measures that remove sediments with the highest potential threat to the environment.  Therefore 

this alternative achieves each of the RAOs. 
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8.8.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 7 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 7 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 7 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 7 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.8.3.  

 

 NYS DER-31 Green Remediation:  Alternative 7 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 7 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  

For purposes of comparing the extent to which Alternative 7 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.8.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 7 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.7 and Figures 13, 18, and 22).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 7 uses a vertical 

wall which is less preferred than a bare rock slope or vegetated rock slope.  Natural, 

biotechnical, or bioengineered slope protection would not be effective in the severe 

wind-wave conditions in the Northwest Offshore Area. 

 

8.8.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Backfill 
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in the Nearshore Area, Subaqueous Cap or chemical isolation provided by natural sediments in 

the Backwater Area, the Northwest Extension in the Northwest Off-Shore Area and disposal of 

contaminated removed sediment at an off-Site disposal facility. 

 

8.8.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.8.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.8.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

 

8.8.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 

long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 
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Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Backfill.  Remaining residual concentrations are 

presented in Appendix D.  Dredged areas in the Nearshore Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Backwater Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Cap or Backfill.  Remaining residual concentrations 

are presented in Appendix D.  Dredged areas in the Backwater Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Deeper remaining sediments (more than 3 ft below mudline) are contained by 

undisturbed overlying sediments with COC concentrations near or less than 

Site-specific Cleanup Levels.  Long-term natural containment by the overlying 

sediments is supported by the fact that these areas have a thick deposition. 

Long-term control can be effectively managed with implementation of 

institutional controls to ensure these deeper remaining sediments are not 

exposed to the surface.  Sediment COC Sample Result Maps are presented in 

Appendix D. 

 

Deepwater Areas: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of modified Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D.  Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.   This alternative would reduce the maximum 

Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the highest contaminated sediments. 

 

Northwest Off-Shore Area: 

 

The Northwest Off-Shore Area will be enclosed by a bulkhead wall and non-

subaqueous cap.  The cap will be comprised of clean imported material and 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Remaining residual concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 
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Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 

 

Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss -68,515 CY -0.69 Acres -73,865 CY -0.89 Acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The Northwest Extension moves 

the existing Shoreline westward approximately 1.75% (85 ft) of the river’s overall 

width.  The loss in river volume is less than 1% of the total volume as calculated 

based on the approximate cross-sectional area of the river at the Northwest Off-

Shore Area.  Mitigation for this extension into the river will be determined during 

Remedial Design. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope 

Large Rip-rap 0.21 acres 

Steep Slope 

Large Rip-rap 

Proposed 0.00 acres Vertical Barrier 0.00 acres Vertical Barrier 

Net Gain/(Loss) (0.45 Acres)   (0.21 Acres)   
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The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed to upland.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative raises 

the Northwest Extension up an additional 2 ft in elevation and assumes the 

upland would be completed at El. 6. The design requirements for potential sea 

level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   

 

8.8.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.8.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.8.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.8.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 

 

Mass and Volume Removal 

 
Accessible 

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 160 lbs 100% 19,400 CY 

Backwater 2,400 lbs 10 lbs 0% 1,100 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 0 lbs 0% 0 CY 

Total 10,460 lbs 610 lbs 6% 20,800 CY 
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Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 19,000 lbs 100% 19,400 CY 

Backwater 22,000 lbs 220 lbs 1% 1,100 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 0 lbs 0% 0 CY 

Total 71,500 lbs 19,240 lbs 27% 20,800 CY 

 

Total lead mass removed by this alternative is 12,700 lbs, or 57% of the mass. 

 

8.8.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 

 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 27,600 

Traffic (Truck Round-Trips) qty 390 

Carbon Footprint (GHG Emissions) metric tons 10,800 

Occupations Fatalities % Chance 0.57% 

Landfill Consumption CY 5,800 

Schedule (Project Duration) Months 48 

 

8.8.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn reduces the amount of 

traffic, GHG, and particulate emissions.  
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Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 

emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 10,800 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 2,070 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 920 homes 

 CO2 emissions from burning approximately 56 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

8.8.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for all staff 

driving vehicles on-Site and for long distance drivers.  Work over and near water is of 

specific concern because these present an increased risk to workers. 
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The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.8.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be removed for this alternative.  

Mitigation features to offset river impacts, as required, will be developed during the 

Remedial Design and implemented on-Site.  

 

8.8.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 

  

8.8.5.5  Schedule 

 

As previously discussed, the total project schedule includes pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

 Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

24 24 48 
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8.8.6 Implementability  

 

8.8.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap and 

Backfill, dredge, a Northwest Extension, and a DNAPL barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the four major components have been successfully constructed 

on a number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  

 

Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial design includes: 

 

 Construction sequencing of the deadman, anchor rods and fill behind 

the bulkhead wall would account for various loading conditions during 

construction.  In particular the sequence will consider how much 

backfill the bulkhead wall can support before anchor rods are needed.  

After the anchor rods are installed, the placement of additional backfill 

beneath the anchor rods will be inhibited by the presence of the rods. 

 

 The alignment of the bulkhead wall shown on Figure 12 is based on the 

alignment closest to shore that, based on current data, the wall can be 

installed without encountering significant obstructions that would 

impact the wall's ability to act as a barrier.  The alignment shown is 

based on the results of the rip-rap investigation probes completed in 

2010.  However, the wall alignment may be shifted either inboard or 

outboard based on the presence of obstructions identified during the 

Remedial Design or construction.  

 

 Placing the lightweight fill to create the land extension in the Northwest 

Area will result in settlement of the upland area.  The tie-rod and 
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deadman system will be designed to accommodate the settlement, and 

maintenance grading will be performed over time to add fill to the areas 

that experience settlement.  

 

 Placement and compaction under water of light weight fill behind the 

bulkhead wall will be difficult due to the low material density.   

 

 DNAPL Barrier Installation. The bulkhead wall will also function as a 

DNAPL barrier to mitigate potential migration along the Fill / Marine 

Silt interface.  

 

 During construction, the bulkhead wall will also be employed for 

turbidity control; the design will need to account for construction-phase 

wave, wind and ice forces as appropriate. 

 

Dynamic forces on the slopes and bulkhead wall due to a seismic event 

have not been included in this feasibility study and will be assessed 

during the Remedial Design.  However, considering only the static 

forces on the wall, the wall will be a significant structure, requiring 

member lengths that are near the upper limit of what is available.  It is 

possible that the addition of seismic forces will put the wall near the 

limit of what is feasibly constructible.  If this is found to be the case 

during the Remedial Design, additional support (berm or other 

structures) or bulkhead wall modifications may be required to provide 

the additional resistance needed for the seismic design event.   

 

 Cathodic protection for the sheet pile DNAPL barrier will need to be 

installed and maintained over the life of the structure.  

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland. 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 

to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 
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B. Ability to Measure Effectiveness 

 

The primary measure of effectiveness will be monitoring during construction 

and post-construction measurements and mapping of the installed components to 

confirm that the work was completed in conformance with the Remedial 

Design. Pre-design investigations will be conducted to obtain additional data for 

finalizing the locations and configurations for the DNAPL Barrier, dredging 

and subaqueous capping limits, and Northwest Extension geometry.  Pre-design 

sediment sampling will complete the delineation of contamination extents and 

thereby eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling. 

 

In addition to completing the subaqueous cap, backfill, and Northwest 

Extension, effectiveness of these components will be confirmed during the 

long-term monitoring program for this alternative, as described in Section 7.5. 

 

8.8.6.2    Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   

 

B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.8.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  
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B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

non-subaqueous capping. The reliability and viability of the engineering 

controls will be sustained by the long-term monitoring as described for this 

alternative and a maintenance program developed as part of the Remedial 

Design.  Additional details for the long-term monitoring will also be developed 

as part of Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  For temporary slope stability, the factor of safety for 

the 3 ft dredge achieves the minimum required 1.5.  A factor of safety 

summary for the temporary and permanent conditions with discussion 

of the geotechnical slope stability evaluations is provided in Appendix 

H. 

 

8.8.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

 

8.8.7 Cost Effectiveness 

 

8.8.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 

limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 

 

8.8.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 

  

Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$10.0MM  $73.4MM  $9.9MM  $93.3MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs are major 
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elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 

 

8.8.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  

 

Proportionality Evaluation 

 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 160 lbs 100% 5 ppm 500 $/CY 

Backwater 1,100 CY 10 lbs 0% 6 ppm 600 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 0 CY 0 lbs 0% 0 ppm -- 

Total 20,800 CY 610 lbs 6% 20 ppm 500 $/CY 

      
Copper 

Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 19,000 lbs 100% 610 ppm 500 $/CY 

Backwater 1,100 CY 220 lbs 1% 120 ppm 600 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 0 CY 

Not 

Available 

Not 

Available 

Not 

Available 

Not 

Available 

Total 20,800 CY 19,240 lbs 27% 570 ppm 500 $/CY 

 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 

 

Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is moderate due to the large volume of 

removal, although significant percentage of PCBs and copper is removed. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 
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 Cost Effectiveness in the Northwest Off-Shore Area is not applicable due to no 

removal in this area. 

 

 Cost effectiveness in the Backwater Area also has limited applicability since 

dredging is limited to focused removal of surface sediments. 

 

8.8.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area. 

 

8.8.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation, not impacted by bulkhead wall systems, 

and not within the construction setback from MLW) is only affected by the Northwest 

Area construction. 

 

8.8.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site uplands 

above MLW) is only affected by the Northwest Area construction.  For reference, the 

total existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible 

land area following completion of this alternative would increase by 0.69 acres. 

 

8.8.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   

  

8.9 Alternative 8 – Nearshore/Backwater Practicable Dredge and Backfill, Northwest 

Extension 

 

This alternative is generally described as follows (see Chapter 7 and Figures 14, 18, and 23 for 

additional details). 

 

 Nearshore Area: Contaminated sediments (PCBs greater than 1 ppm or Site-specific COC 

metals greater than the Site-specific Cleanup Levels) will be removed up to the constructible 

limits of dredge. If any contaminated sediments remain beyond the constructible limits of 

dredge, they would be isolated by the Subaqueous Backfill, which would also be used to restore 

existing bathymetry. Based on current data (see Appendix D), the majority of the Nearshore 
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Area would be dredged to 6 ft below mudline, with some areas only requiring a dredge of 4 ft 

below mudline and one area requiring a dredge to 10 ft below mudline. 

 

 Backwater Area: Contaminated sediments would be removed up to the constructible limits of 

dredge. The constructible limit would be achieved by installing a temporary bulkhead wall at 

the shore. For this RFS, constructible limits have been determined to be a vertical dredge at the 

temporary bulkhead wall to El. -23 (approximately 20 ft below mudline). If any contaminated 

sediments remain beyond the constructible limits of dredge, they would be isolated by the 

Subaqueous Backfill, which would also be used to restore existing bathymetry. Based on 

current data (see Appendix D), the Old Marina would require a 14 ft dredge below mudline and 

both boat slips would be dredged to the full constructible limits. 

 

 Deepwater Area: Monitored natural recovery would be implemented throughout the Deepwater 

Area. In known Concentrated PCB Material Areas, contaminated sediments would be removed 

up to a maximum of 6 ft below mudline. Subaqueous Backfill would be placed post-dredge to 

restore existing bathymetry. Based on current data (see Appendix D), two localized areas would 

require a dredge to 3 ft below mudline and two localized areas would require a dredge to 6 ft 

below mudline.   

 

 Northwest Off-Shore Area: A Northwest Extension would be installed to contain contaminated 

sediments. The Northwest Extension includes raising final grade above MHW with a bulkhead 

wall and cover system composed of clean, lightweight fill material placed over the 

contaminated sediment. The bulkhead wall would be driven into the Basal Sand (approximately 

7 to 10 ft) outboard of the existing rip-rap slope and no No removal of contaminated sediment 

would be performed as part of the Northwest Extension. Configuration of the wall would be 

determined during Remedial Design and would include a heavy bulkhead wall, tie-rods, a sheet 

pile deadman located approximately 150 ft inland and a significant corrosion protection system. 

The final grade would be at El. 6.  

 

8.9.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Removal of contaminated sediments in the Nearshore reduces volume of contaminated 

sediments and protects humans and biota from exposure.  Practicable dredging (to 

constructible limits) of contaminated sediment removes 100% of PCB, 100% of copper, 

and 100% of lead accessible mass in the Nearshore. 

  

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Reducing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Practicable dredging (to constructible limits) to remove contaminated sediment protects 

humans and biota from exposure. 
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 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 Dredging does not minimize the volume of material handling and increases short-term 

impacts. 

 

Deepwater 

 

 Removal, up to 6 ft below mudline, of deepwater sediments with Concentrated PCB 

Material followed by modified Subaqueous Backfill protects humans and biota from 

exposure to these deepwater sediments with the highest concentrations of PCBs and 

protects the environment from potential migration of these sediments. 

 

 This removal focuses on areas where long-term benefit outweighs short- and long-term 

impact related to migration and resuspension that will occur during dredging without 

turbidity control as discussed in the 2003 OU-2 PRAP.  

 

Northwest Off-Shore Area 

 

 Non-subaqueous capping (construction of a Northwest Extension) provides protection 

sufficient to isolate humans and biota from exposure to contaminated sediment. 

 

 Stability for the area is provided through the construction of the Northwest Extension. 

 

 Impacts to the river (e.g. volume, area, and substrate) will be limited to the extent 

feasible during the Remedial Design and can be mitigated on-Site. 

 

 The Northwest Extension does not prohibit installations related to potential future 

DNAPL recoveryfor OU-1. 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  While 

remediation of the entire Deepwater Area is not feasible, this alternative includes mitigating 

measures that remove sediments with the highest potential threat to the environment.  Therefore 

this alternative achieves each of the RAOs. 

 

8.9.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 
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and which could be used to compare one alternative with another.  A discussion of how 

Alternative 8 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 8 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 8 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 8 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.9.3.  

 

 NYS DER-31 Green Remediation:  Alternative 8 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 8 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  

For purposes of comparing the extent to which Alternative 8 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.9.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 8 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 

health and the environment (Section 7.5.8 and Figures 14, 18, and 23).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 8 uses a vertical 

wall which is less preferred than a bare rock slope or vegetated rock slope.  Natural, 

biotechnical, or bioengineered slope protection would not be effective in the severe 

wind-wave conditions in the Northwest Offshore Area. 

 

8.9.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Backfill 

in the Nearshore and Backwater Areas, the Northwest Extension in the Northwest Off-Shore 

Area and disposal of contaminated removed sediment at an off-Site disposal facility. 

 

8.9.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 
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8.9.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.9.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

8.9.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   

 

For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 

long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Backfill.  Remaining residual concentrations are 

presented in Appendix D.  Dredged areas in the Nearshore Area will be 

restored with clean imported material which will isolate remaining sediments 

and thereby eliminate potential impacts to human health, ecological receptors, 

or the environment. 

 

Backwater Area: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of Subaqueous Backfill.  Remaining residual concentrations are 
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presented in Appendix D. Dredged areas in the Backwater Area will be restored 

with clean imported material which will isolate remaining sediments and 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Deepwater Areas: 

 

Remaining sediments exposed by the dredge would be isolated through the 

installation of modified Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D.  Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

All other remaining contaminated sediment would remain in place for reasons 

discussed in Section 7.4.3.2.   This alternative would reduce the maximum 

Deepwater Area sediment concentrations of PCBs from 5,200 ppm to 260 ppm 

in the 0-2 foot interval.  Removing the Concentrated PCB Material diminishes 

potential exposure by removing the highest contaminated sediments. 

 

Northwest Off-Shore Area: 

 

The Northwest Off-Shore Area will be enclosed by a bulkhead wall and non-

subaqueous cap.  The cap will be comprised of clean imported material and 

thereby eliminate potential impacts to human health, ecological receptors, or 

the environment. 

 

Remaining residual concentrations are presented in Appendix D. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 

 

River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 
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Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss -68,515 CY -0.69 Acres -73,865 CY -0.89 Acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The Northwest Extension moves 

the existing Shoreline westward approximately 1.75% (85 ft) of the river’s overall 

width.  The loss in river volume is less than 1% of the total volume as calculated 

based on the approximate cross-sectional area of the river at the Northwest Off-

Shore Area.  Mitigation for this extension into the river will be determined during 

Remedial Design. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope 

Large Rip-rap 0.21 acres 

Steep Slope 

Large Rip-rap 

Proposed 0.00 acres Vertical Barrier 0.00 acres Vertical Barrier 

Net Gain/(Loss) (0.45 Acres)   (0.21 Acres)   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed to upland.    

 

 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative raises 

the Northwest Extension up an additional 2 ft in elevation and assumes the 

upland would be completed at El. 6. The design requirements for potential sea 

level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   
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8.9.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.9.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.9.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.9.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 

 

Mass and Volume Removal 

 
Accessible 

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 160 lbs 100% 19,400 CY 

Backwater 2,400 lbs 2,400 lbs 100% 79,000 CY 

Deepwater 2,900 lbs 440 lbs 15% 300 CY 

NW Area 5,000 lbs 0 lbs 0% 0 CY 

Total 10,460 lbs 3,000 lbs 29% 98,700 CY 

 

 
 

Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 19,000 lbs 100% 19,400 CY 

Backwater 22,000 lbs 22,000 lbs 100% 79,000 CY 

Deepwater 29,000 lbs 20 lbs 0% 300 CY 

NW Area 1,500 lbs 0 lbs 0% 0 CY 

Total 71,500 lbs 41,020 lbs 58% 98,700 CY 

 

Total lead mass removed by this alternative is 19,400 lbs, or 87% of the mass. 

 

8.9.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 
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 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

Particulate Emissions lbs 55,800 

Traffic (Truck Round-Trips) qty 4,700 

Carbon Footprint (GHG Emissions) metric tons 29,000 

Occupations Fatalities % Chance 2.05% 

Landfill Consumption CY 68,900 

Schedule (Project Duration) Months 78 

 

8.9.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 

 

This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn reduces the amount of 

traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 
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emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 29,000 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 5,550 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 2,470 homes 

 CO2 emissions from burning approximately 150 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

 

8.9.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 

meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for all staff 

driving vehicles on-Site and for long distance drivers.  Work over and near water is of 

specific concern because these present an increased risk to workers. 

 

The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.9.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be removed for this alternative.  

Mitigation features to offset river impacts, as required, will be developed during the 

Remedial Design and implemented on-Site.  

 

8.9.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 
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8.9.5.5  Schedule 

 

As previously discussed, the total project schedule includes Pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

Estimated durations for this alternative are summarized below: 

 

       Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

30 48 78 

 

8.9.6 Implementability  

 

8.9.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap and 

Backfill, dredge, a Northwest Extension, and a DNAPL barrier. 

 

A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the four major components have been successfully constructed 

on a number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  

 

Specific issues related to the relative difficulty of construction that will be 

considered during pre-design investigations and Remedial design includes: 

 

 Construction sequencing of the deadman, anchor rods and fill behind 

the bulkhead wall would account for various loading conditions during 

construction.  In particular the sequence will consider how much 

backfill the bulkhead wall can support before anchor rods are needed.  
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After the anchor rods are installed, the placement of additional backfill 

beneath the anchor rods will be inhibited by the presence of the rods. 

 

 The alignment of the bulkhead wall shown on Figure 12 is based on the 

alignment closest to shore that, based on current data, the wall can be 

installed without encountering significant obstructions that would 

impact the wall's ability to act as a barrier.  The alignment shown is 

based on the results of the rip-rap investigation probes completed in 

2010.  However, the wall alignment may be shifted either inboard or 

outboard based on the presence of obstructions identified during the 

Remedial Design or construction.  

 

 Placing the lightweight fill to create the land extension in the Northwest 

Area will result in settlement of the upland area.  The tie-rod and 

deadman system will be designed to accommodate the settlement, and 

maintenance grading will be performed over time to add fill to the areas 

that experience settlement.  

 

 Placement and compaction under water of light weight fill behind the 

bulkhead wall will be difficult due to the low material density.   

 

 DNAPL Barrier Installation. The bulkhead wall will also function as a 

DNAPL barrier to mitigate potential migration along the Fill / Marine 

Silt interface.  

 

 During construction, the bulkhead wall will also be employed for 

turbidity control; the design will need to account for construction-phase 

wave, wind and ice forces as appropriate. 

 

 Dynamic forces on the slopes and bulkhead wall due to a seismic event 

have not been included in this feasibility study and will be assessed 

during the Remedial Design.  However, considering only the static 

forces on the wall, the wall will be a significant structure, requiring 

member lengths that are near the upper limit of what is available.  It is 

possible that the addition of seismic forces will put the wall near the 

limit of what is feasibly constructible.  If this is found to be the case 

during the Remedial Design, additional support (berm or other 

structures) or bulkhead wall modifications may be required to provide 

the additional resistance needed for the seismic design event. 

   

 Cathodic protection for the sheet pile DNAPL barrier will need to be 

installed and maintained over the life of the structure.  

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland. 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 
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to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 

contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

 

B. Ability to Measure Effectiveness 

 

The primary measure of effectiveness will be monitoring during construction 

and post-construction measurements and mapping of the installed components to 

confirm that the work was completed in conformance with the Remedial 

Design. Pre-design investigations will be conducted to obtain additional data for 

finalizing the locations and configurations for the DNAPL Barrier, dredging 

and subaqueous capping limits, and Northwest Extension geometry.  Pre-design 

sediment sampling will complete the delineation of contamination extents and 

thereby eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling. 

 

In addition to completing the subaqueous cap, backfill, and Northwest 

Extension, effectiveness of these components will be confirmed during the 

long-term monitoring program for this alternative, as described in Section 7.5. 

 

8.9.6.2    Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   

 

B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 

appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     
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8.9.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  

 

B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

non-subaqueous capping. The reliability and viability of the engineering 

controls will be sustained by the long-term monitoring as described for this 

alternative and a maintenance program developed as part of the Remedial 

Design.  Additional details for the long-term monitoring will also be developed 

as part of Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  For temporary slope stability, the factor of safety for 

the practicable dredge achieves the minimum required 1.5 This 

alternative achieves slope stability in the Northwest Area for the 

permanent case by constructing an anchored sheetpile bulkhead that is 

driven into the Basal Sand.  A factor of safety summary for the 

temporary and permanent conditions with discussion of the geotechnical 

slope stability evaluations is provided in Appendix H. 

 

 

8.9.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be medium to high. 

 

8.9.7 Cost Effectiveness 

 

8.9.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is very good, in that it removes a significant 

quantity of contaminated sediments, provides isolation of residual contamination and 

limits exposures in the Deepwater through localized dredging of the Concentrated 

PCBM Areas. 

 

8.9.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 
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Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$12.9MM  $166.1MM  $5.9MM  $185.0MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations, and the need for a temporary sheetpile wall to support the deep 

Backwater dredge.  Associated disposal costs and material handling costs are major 

elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 

 

8.9.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  

 

Proportionality Evaluation 

 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 160 lbs 100% 5 ppm 500 $/CY 

Backwater 79,000 CY 2,400 lbs 100% 20 ppm 1,100 $/CY 

Deepwater 300 CY 440 lbs 15% 910 ppm 1,200 $/CY 

NW Area 0 CY 0 lbs 0% 0 ppm -- 

Total 98,700 CY 3,000 lbs 29% 20 ppm 1,000 $/CY 

      
Copper 

Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 19,000 lbs 100% 610 ppm 500 $/CY 

Backwater 79,000 CY 22,000 lbs 100% 170 ppm 1,100 $/CY 

Deepwater 300 CY 20 lbs 0% 40 ppm 1,200 $/CY 

NW Area 0 CY 

Not 

Available 

Not 

Available 

Not 

Available 

Not 

Available 

Total 98,700 CY 41,020 lbs 58% 260 ppm 1,000 $/CY 

 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 
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Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is moderate due to the large volume of 

removal, although significant percentage of PCBs and copper is removed. 

 

 Cost effectiveness in the Backwater Area is moderate due to the large volume 

of removal, although significant percentage of PCBs is removed. 

 

 Cost effectiveness in the Deepwater Area is high due to the focused dredge in 

areas of Concentrated PCB Material. Average PCB concentrations are 

significantly higher than other areas, without a significant increase in cost per 

cubic yard thereby increasing the cost effectiveness. 

 

 Cost Effectiveness in the Northwest Off-Shore Area is not applicable due to no 

removal in this area. 

 

8.9.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area.  

 

8.9.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation, not impacted by bulkhead wall systems, 

and not within the construction setback from MLW) is only affected by the Northwest 

Area construction. 

 

8.9.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site upland above 

MLW) is only affected by the Northwest Area construction.  For reference, the total 

existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible land 

area following completion of this alternative would increase by 0.69 acres. 

 

8.9.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   
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8.10 Alternative 9 –Practicable Dredge in All OU-2 Areas and Backfill, Northwest Slope 

 

This alternative is generally described as follows (see Chapter 7 and Figures 15, 19, and 24 for 

additional details). 

 

 Nearshore Area: Contaminated sediments (PCBs greater than 1 ppm or Site-specific COC 

metals greater than the Site-specific Cleanup Levels) will be removed up to the constructible 

limits of dredge. If any contaminated sediments remain beyond the constructible limits of 

dredge, they would be isolated by the Subaqueous Backfill, which would also be used to restore 

existing bathymetry. Based on current data (see Appendix D), the majority of the Nearshore 

Area would be dredged to 6 ft below mudline, with some areas only requiring a dredge of 4 ft 

below mudline and one area requiring a dredge to 10 ft below mudline. 

 

 Backwater Area: Contaminated sediments would be removed up to the constructible limits of 

dredge. The constructible limit would be achieved by installing a temporary bulkhead wall at 

the shore. For this RFS, constructible limits have been determined to be a vertical dredge at the 

temporary bulkhead wall to El. -23 (approximately 20 ft below mudline). If any contaminated 

sediments remain beyond the constructible limits of dredge, they would be isolated by the 

Subaqueous Backfill, which would also be used to restore existing bathymetry. Based on 

current data (see Appendix D), the Old Marina would require a 14 ft dredge below mudline and 

both boat slips would be dredged to the full constructible limits. 

 

 Deepwater Area: Contaminated sediments would be removed up to the constructible limits of 

dredge. Any remaining sediments beyond the constructible limits of dredge would be isolated 

using Subaqueous Backfill, which would also be used to restore existing bathymetry. Based on 

current data (see Appendix D), large areal extents of the Deepwater Area would require dredge 

between 2 and 10 ft below mudline.  

 

 Northwest Off-Shore Area: Contaminated sediments would be removed up to the constructible 

limits of dredge. For this RFS, constructible limits of dredge have been determined to be no 

more than a 15 ft relief at the DNAPL Barrier wall and no steeper than a 2H:1V slope down 

from the bottom of OU-1 Remedial Excavation. Any remaining sediments beyond the 

constructible limits of dredge would be isolated using Subaqueous Cap or Backfill placed on the 

designed slope. Based on current data, dredge would be required to the full constructible limits 

and Subaqueous Cap or Backfill would be placed at approximately a 6H:1V slope to maintain 

bathymetry to the extent practical, with the top of slope at El. 6.0.  

 

8.10.1 Overall Protection of Human Health and the Environment 

 

Nearshore Area 

 

 Removal of contaminated sediments in the Nearshore reduces volume of contaminated 

sediments and protects humans and biota from exposure.  Practicable dredging (to 

constructible limits) of contaminated sediment removes 100% of PCB, 100% of copper, 

and 100% of lead accessible mass in the Nearshore. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 
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 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Minimizing the volume of material handling reduces short-term impacts. 

 

Backwater 

  

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Practicable dredging (to constructible limits) to remove contaminated sediment protects 

humans and biota from exposure. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure with post-dredge residual 

sediment. 

 

 Turbidity control measures during dredging mitigate short-term exposure. 

 

 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Dredging does not minimize the volume of material handling and increases short-term 

impacts. 

 

Deepwater 

 

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Practicable dredging (to constructible limits) to remove contaminated sediment does not 

protect humans and biota from exposure. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 

 

 The lack of turbidity control measures creates short-term and long-term exposure of the 

biota and environment to migration and resuspension of contamination. 

 

 This alternative allows for use of modified backfill material (increased organic carbon) 

to provide additional chemical isolation if required during the Remedial Design. 

 

 Practicable dredging does not minimize the volume of material handling to reduce 

short-term impacts. 

 

Northwest Off-Shore Area 

 

 Removal of contaminated sediments reduces volume of contaminated sediments. 

Practicable dredging (to constructible limits) to remove contaminated sediment protects 

humans and biota from exposure. 

 

 Backfill material sizing and thickness provides protection from both ordinary and 

extraordinary events sufficient to isolate biota from exposure to contaminated sediment. 
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 Stability for the area is provided through the construction of the designed slope. 

 

 Impacts to the river (e.g. volume, area, and substrate) will be limited to the extent 

feasible during the Remedial Design and can be mitigated on-Site. 

 

 The designed slope does not prohibit installations related to potential future DNAPL 

recovery for OU-1. 

 

Together these elements prevent or mitigate, to the extent feasible, the potential for direct 

human contact with contaminated sediments, contamination of surface water, impacts to biota 

and migration of contaminated sediment.  This alternative also provides for the restoration of 

bathymetry and surface sediment substrate in the Nearshore and Backwater Area.  This 

alternative also provides for restoration of a similar substrate in the Northwest Off-shore Area.  

Therefore this alternative achieves each of the RAOs. 

 

8.10.2 Compliance with SCGs 

 

This alternative will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a 

combination of dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a 

containment system in the Northwest Off-Shore Area, and institutional controls.  

 

Section 8.1.2 lists SCGs potentially applicable to this project; six were found to be satisfied by 

Alternatives 2 through 9, two were found to be not applicable to OU-2, and four were 

identified which could be used to assess how effectively an alternative complies with the SCGs 

and which could be used to compare one alternative with another.  A discussion of how 

Alternative 9 complies with these four SCGs follows. 

 

 NYCRR Part 608 Use and Protection of Waters:  Alternative 9 is compliant with Part 

608 because the extent to which the Hudson River would be impacted was minimized 

within the scope and remediation approach defined for Alternative 9 and because 

NYSDEC approval for modifying the Hudson River, its bed, and its banks will be 

obtained during the final design and permitting process.  The extent to which 

Alternative 9 is expected to impact the area, volume, substrate type, littoral zone and 

intertidal zone of the Hudson River is presented in Section 8.10.3.  

 

 NYS DER-31 Green Remediation:  Alternative 9 is compliant with DER-31 because 

green remediation concepts and techniques are considered within the RFS and will be 

considered during final design and implementation of the remedial program.  

Alternative 9 incorporates “green” strategies, including the reuse of excavated sediment 

within OU-1 where appropriate and providing restoration of disturbed benthic habitat.  

For purposes of comparing the extent to which Alternative 9 is compliant with DER-31, 

the following factors related to environmental sustainability were evaluated in Section 

8.10.5:  human health – air quality impacts, occupational risk, habitat disturbance and 

landfill consumption.  

 

 NYS Technical Guidance for Screening Contaminated Sediments:  Alternative 9 is 

compliant with the Guidance because areas where sediment does not meet sediment 

quality PRGs were identified (Appendix D), and because the scope of dredging and 

subaqueous capping was chosen to address those areas so as to be protective of human 
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health and the environment (Section 7.5.9 and Figures 15, 19, and 24).  A notable 

exception is that compliance with the PRGs in Deepwater Areas is not technically 

practicable from and engineering perspective, as discussed in Sections 6.2.5, 7.2, and 

7.3.   

 

 NYS AHP-01 Shoreline Protection:  As discussed previously, AHP-01 presents a 

hierarchy of preferred approaches to shoreline protection:  Alternative 9 uses a rock 

slope with vegetative enhancements which is preferable to a bare rock slope or vertical 

wall.  More preferable natural, biotechnical, or bioengineered slope protection would 

not be effective in the severe wind-wave conditions in the Northwest Offshore Area. 

 

8.10.3 Long-Term Effectiveness and Permanence 

 

For this alternative, long-term effectiveness is primarily provided through the removal or 

containment of contaminated sediments.  Permanence is provided through Subaqueous Backfill 

in the Nearshore, Backwater, and Deepwater Areas, Subaqueous Backfill constructed on the 

designed slope in the Northwest Off-Shore Area and disposal of contaminated removed 

sediment at an off-Site disposal facility. 

 

8.10.3.1  Dredging 

 

Removal of contaminated sediments achieves the goal of permanence by relocating 

contaminated sediments to an approved disposal facility. 

 

8.10.3.2  Capping 

 

Capping provides a long-term effective barrier to exposure to any post-dredge residual 

contamination for humans and the environment. 

 

8.10.3.3  Institutional Controls 

 

Institutional controls would be used across the Site to limit the potential for future 

exposures.  A Site Management Plan would be developed during the Remedial Design.  

A Site Management Plan would include the identification and restriction of activities in 

areas of residual contaminated sediment that could create potential exposures to humans 

or ecological receptors or potentially impact the environment. 

 

8.10.3.4  Specific technical issues 

 

Specific technical issues related to the above technologies are further discussed below. 

 

 Post-dredge residual sediments 

 

For remedial actions within turbidity control, generation of residuals will be 

controlled through standard operating procedures developed during the 

Remedial Design to control sediment stability and turbidity through the use of 

turbidity barriers, dredging overlap and establishing stable dredge prisms.  

These measures can prevent long-term impacts to areas outside of the delineated 

dredge area.  Any generated residuals at the final dredge surface will be 

isolated by Subaqueous Backfill or Cap within delineated dredge areas.   
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For remedial actions where turbidity control is not feasible (Deepwater Areas) 

dredging will be limited to near surface sediment (up to 6 ft) containing 

Concentrated PCB Material.  As discussed in Section 7.4.3.2, the short-term 

and long-term exposures related to dredging operations when compared to the 

long-term exposures from MNR alone indicate that these sediments should be 

removed despite the impact of generated residuals by this dredging outside 

turbidity control. 

 

In this alternative, remaining contaminated sediment is addressed as follows.  

 

Nearshore Area: 

 

Remaining sediments below constructible limits exposed by the dredge would 

be isolated through the installation of Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D. Dredged areas in the Nearshore 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

Backwater Area: 

 

Remaining sediments below constructible limits exposed by the dredge would 

be isolated through the installation of Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D. Dredged areas in the Backwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

Deepwater Areas: 

 

Remaining sediments below constructible limits exposed by the dredge would 

be isolated through the installation of Subaqueous Backfill.  Remaining residual 

concentrations are presented in Appendix D. Dredged areas in the Deepwater 

Area will be restored with clean imported material which will isolate remaining 

sediments and thereby eliminate potential impacts to human health, ecological 

receptors, or the environment. 

 

Northwest Area: 

 

Remaining sediments below constructible limits exposed by the dredge would 

be isolated through the installation of Subaqueous Backfill to the designed 

slope.  Remaining residual concentrations are presented in Appendix D.  

Dredged areas in the Northwest Off-Shore Area will be restored with clean 

imported material which will isolate remaining sediments and thereby eliminate 

potential impacts to human health, ecological receptors, or the environment. 

 

 Long-Term River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate 

are considered below. 
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River Impact – River Volume & Area 

 

An analysis was conducted to determine the total change (displacement or 

increase) in river volumes and areas between the existing bathymetry and the 

post construction bathymetry at both MLW and MHW. 

 

Within the Nearshore, Backwater, and Deepwater Areas dredge activities will 

be accompanied by Subaqueous Cap or Backfill.  Therefore, there is no net 

change in River volume or area. 

 

The results of the total change in river volume and area within the Northwest 

Off-Shore Area are summarized below.  Negative values represent a net 

reduction in river volume due material placed in the river and positive values 

indicate a net increase in river volume. 

 

Changes to the Hudson River Volume and Area 

NW Off-

Shore: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

 

Change in Hudson River volume and area are relatively minor at the Site due to the 

fact that the river is approximately 4,800 ft wide. The sloped shore moves the 

existing Shoreline eastward approximately 1.5% (70 ft) of the river’s overall width.  

The gain in river volume is less than 1% of the total volume as calculated based on 

the approximate cross-sectional area of the river at the Northwest Off-Shore Area. 

 

River Impact – Substrate 

 

Due to bathymetry re-establishment through natural deposition in the Nearshore 

and Backwater Areas, potential substrate changes are negligible.  

 

The estimated existing and proposed littoral and intertidal zones are provided in 

the following table along with the existing and proposed substrate types and 

include the existing steeply sloping large rip-rap located in the high wave 

energy zone.   

 

 Littoral Zone Intertidal Zone 

NW Off-

Shore: Area Type Area Type 

Existing 
0.45 acres 

Steep Slope  

Large Rip-rap 0.21 acres 

Steep Slope  

Large Rip-rap 

Proposed 0.69 acres 

Flatter Slope 

Rip-rap 0.30 acres 

Flatter Slope 

Rip-rap 

Net Gain/(Loss) 0.24 acres   0.08 acres   

 

The Substrate in the deeper zone (areas at depths below the littoral zone) of the 

Northwest Off-Shore Area is a mixture of sediment and rip-rap of various sizes 

and would be changed.    
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 Sea Level Changes 

 

For this alternative the design for erosion protection and other elements assume 

that the mean water level of the river will rise 23 inches.  This alternative 

extends the sloped shore and armor up an additional 2 ft in elevation and 

assumes the upland would be completed at El. 6. The design requirements for 

potential sea level change will be addressed during Remedial Design.  

 

 Integration with OU-1 

 

This alternative is compatible with OU-1 required elements.   

 

8.10.4 Reduction of Toxicity, Mobility, or Volume through treatment 

 

8.10.4.1  Toxicity 

 

Technologies used in this alternative do not reduce toxicity of COCs. 

 

8.10.4.2  Mobility 

 

Mobility of contaminated sediments is reduced through the installation of Subaqueous 

Cap and Backfill following dredging.  This provides erosion protection and chemical 

isolation (where required) to prevent mobilization. 

 

8.10.4.3  Volume 

 

This alternative will remove contaminated sediments in all OU-2 Site areas.  A 

summary of mass accessible for removal, mass removed and volume of sediment 

removed is shown below: 

 

Mass and Volume Removal 

 
Accessible 

PCB Mass  

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 160 lbs 160 lbs 100% 19,400 CY 

Backwater 2,400 lbs 2,400 lbs 100% 79,000 CY 

Deepwater 2,900 lbs 2,900 lbs 100% 53,000 CY 

NW Area 5,000 lbs 5,000 lbs 100% 16,900 CY 

Total 10,460 lbs 10,460 lbs 100% 168,300 CY 
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Cu Mass  

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Volume 

(Removed) 

Nearshore 19,000 lbs 19,000 lbs 100% 19,400 CY 

Backwater 22,000 lbs 22,000 lbs 100% 79,000 CY 

Deepwater 29,000 lbs 29,000 lbs 100% 53,000 CY 

NW Area 1,500 lbs 1,500 lbs 100% 16,900 CY 

Total 71,500 lbs 71,500 lbs 100% 168,300 CY 

 

Total lead mass removed by this alternative is 22,200 lbs, or 100% of the mass. 

 

Accessible mass removal is 100% but does not account for all mass that exists in OU-2.  

However, accessible PCB mass is 40% of the total PCB mass. 

 

8.10.5 Short Term Impacts and Effectiveness 

 

Specific considerations included in this evaluation are: 

 

 Human Health – Air Quality Impacts 

– Dust 

– Particulate Emissions 

– Traffic 

– Carbon Footprint 

 Occupational Risk 

 Habitat Disturbance 

 Landfill Consumption 

 Schedule 

 

The table below summarizes the impacts associated with key indicators for implementation of 

this alternative:  

 

 

Particulate Emissions lbs 83,800 

Traffic (Truck Round-Trips) qty 8,300 

Carbon Footprint (GHG Emissions) metric tons 42,900 

Occupations Fatalities % Chance 3.34% 

Landfill Consumption CY 122,000 

Schedule (Project Duration) Months 108 

 

8.10.5.1  Human Health - Air Quality Impacts 

 

The primary impacts to the community are the potential for degraded air quality during 

the construction phase and increased heavy truck traffic on local roadways.  The 

primary air quality risks are associated with the Site-specific risk of GHG emissions 

from construction and transportation equipment, and particulate emissions generated by 

fuel consumption and/or vehicle traffic. 
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This alternative does not increase dredging beyond what is required to meet the RAOs 

and protecting human health and the environment, which in turn reduces the amount of 

traffic, GHG, and particulate emissions.  

 

Dust 

 

The majority of removal activities are materials which are from near or below the water 

table and will not generate dust.  Dust generated by Site activities on land (e.g. material 

handling) will be suppressed by dust control measures (water, etc.) and monitored as 

defined in a comprehensive Community Air Monitoring Plan (CAMP). 

 

Particulate Emissions 

 

The particulate emissions presented above represent the total quantity of particulate that 

is estimated to be emitted over the duration of the respective alternative.  Particulate 

emission is correlated to the amount of dredging and sediment disposal.   

Traffic 

 

The increased traffic through the community will be managed by coordination with 

local authorities regarding the timing, route and quantity of trucks per day.  The 

community will be engaged to ensure that minimal disruption occurs as a result of the 

increased traffic. Potential impacts will be mitigated in a traffic management plan, 

which will be developed during the Remedial Design. 

 

Carbon Footprint 

 

The largest contributor to GHG emissions is the combustion of diesel to operate 

equipment for dredging and other Site activities, accounting for a significant amount of 

the remedial alternative’s carbon footprint. Significant other contributing GHG 

emissions are associated with the manufacture of steel, electricity generation required 

for Site remedial activities, and equipment or vehicle transport of contaminated dredged 

material (hauled off-Sites for disposal). 

 

For comparison, 42,900 metric tons for this alternative is equivalent to: 

 

 annual GHG emissions of approximately 8,200 passenger vehicles 

 annual CO2 emissions from the energy use of approximately 3,650 homes 

 CO2 emissions from burning approximately 220 railcar loads of coal 

Measures to reduce GHG emissions include optimizing dredging and other Site 

equipment to reduce fuel consumption.  Wastes requiring landfilling will be transported 

to the closest feasible facilities.   

Transportation methods in addition to trucks will be considered during the Remedial 

Design. 

8.10.5.2  Occupational Risk 

 

Safety measures, in addition to routine items such as hard hats and basic personal 

protective equipment (PPE), will include regular audits, task specific tool-box 
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meetings, Job Safety Analysis of each task, fulltime Health & Safety monitoring and 

review of contractor work plans.  Specific training will be implemented for all staff 

driving vehicles on-Site and for long distance drivers.  Work over and near water is of 

specific concern because these present an increased risk to workers. 

 

The presented evaluation of potential occupational fatalities is based on hours worked 

for various trades using U.S Department of Labor data. 

 

As discussed in Appendix L, Site activities performed by contractors and truck haulage 

are the two most significant contributors to potential fatalities. 

 

8.10.5.3  Habitat Disturbance 

 

Outside the Northwest Area, long-term substrate disturbance resulting from dredging 

will be mitigated through capping or backfilling, including natural deposition.  In the 

Northwest Area, substrate associated with the steeply-sloped, large rip-rap (subject to 

high energy river forces in the wave action zone) would be replaced with a flatter, 

sloped rip-rap; therefore long-term habitat disturbance would be minimal for this 

alternative.  

 

8.10.5.4  Landfill Consumption 

 

Measures will be implemented to efficiently manage resources and materials, and 

increase recycling and reuse to minimize landfill consumption.  On-Site reuse will be 

utilized to the extent feasible for dredged sediments, primarily from areas outside of the 

Northwest Off-Shore Area. 

  

8.10.5.5  Schedule 

 

As previously discussed, the total project schedule includes Pre-construction (pre-design 

investigation, pilot studies, engineering and Remedial Design) and construction 

activities. 

 

Estimated durations for this alternative are summarized below: 

 

Project Duration 

 

Pre-Construction 

Duration (Mo.) 

Construction 

Duration (Mo.) 

Total Project 

Duration (Mo.) 

36 72 108 

 

8.10.6 Implementability  

 

8.10.6.1  Technical Feasibility  

 

This alternative has four major construction components:  Subaqueous Cap, dredge, a 

sloped shore in the Northwest Off-Shore Area, and a DNAPL Barrier. 
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A discussion of the technical feasibility for implementation of these components 

follows, and is organized into issues related to the relative difficulty of construction and 

the ability to measure the effectiveness of the alternative. 

 

A. Construction Difficulty 

 

In general, all of the four major components have been successfully constructed 

on a number of projects over a wide geographic range.  The river velocity and 

exposure to wind, waves, and ice at this Site are not excessive or unusual 

compared to other projects, therefore the construction is feasible.   

 

There are generic difficulties associated with underwater and overwater work 

such as sheet pile barrier installation, dredging, subaqueous capping, and 

sloped shore construction.  These include locating and maintaining position 

with respect to the work area, limited visual feedback to equipment operators, 

turbidity control, lift or dredge thickness control, worker safety, and weather 

conditions.  These issues have been addressed in previous projects through use 

of technology (e.g. GPS, video, remote sensing), selecting dredge equipment, 

establishing work procedures and protocols, operator training, using turbidity 

walls and curtains, implementing OSHA worker safety standards, scheduling, 

and implementing severe weather contingency plans.  

 

Specific issues related to the relative difficulty of construction include: 

 

 The DNAPL Barrier would be installed as a partial-height sheet pile 

(i.e. from river bottom to El. -15) with a silt curtain attached at the 

wall for turbidity control during construction of the Northwest Off-

Shore Area.  

 

 Cathodic protection for the sheet pile DNAPL barrier will need to be 

installed underwater and maintained over the life of the structure. 

 

 As described previously, the side walls of the dredge areas cannot be 

vertical due to the low strength of the sediment, the need to prevent 

undermining of the turbidity curtain anchor system, and the need to 

maintain stability of the OU-1 upland. 

 

 Temporary sheet pile will be used to support the shore during dredging. 

This will be a complex system including tie-rods and deadman anchors. 

Extensive pre-clearing of obstructions along the sheeting alignment will 

be needed for the temporary wall and deadman anchor in order to 

permit the sheeting to be driven to the necessary depths. 

 

 Construction difficulty can be reduced by placing subaqueous backfill 

with a single material rather than with layers of different materials due 

to the reduced need to control lift thickness and the reduced need to 

manage different material types during the backfilling process.   

 

 Extensive coordination is needed to prevent conflict of construction at 

the shore with the OU-1 remediation, especially with excavation of 
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contaminated soil, much of which will be completed adjacent to the 

existing shore.   

 

 Sediment removal would be planned and sequenced so that work 

progress can be readily tracked and re-contamination of remediated 

areas controlled. 

 

 Creating and maintaining the underwater subgrade (surface underneath 

the rip-rap erosion control layer) will be challenging.  It is likely that 

temporary protection from wave action (temporary barriers, temporary 

floating wave dampeners) local wave dampening measures will need to 

be implemented to protect the slope prior to and during rip-rap 

placement.   

 

B. Ability to Measure Effectiveness 

 

The primary measures of effectiveness will be monitoring during construction 

and post-construction measurements to map the installed components to confirm 

that the work was completed in conformance with the Remedial Design. Pre-

design investigations will be conducted to obtain additional data for finalizing 

the locations and configurations for the DNAPL Barrier, dredging and 

subaqueous capping limits, and Northwest Slope geometry.  Pre-design 

sediment sampling will complete the delineation of contamination extents and 

thereby eliminate the need to perform post-dredge confirmation sampling. 

 

In addition to completing the dredging to the limits specified in the Remedial 

Design, verification of dredging effectiveness will be achieved through 

documentation sampling.  

 

In addition to completing the subaqueous cap, backfill, and sloped cap in 

accordance with the remedial design, effectiveness of these components will be 

confirmed during the long-term monitoring program for this alternative, as 

described in Section 7.5. 

 

8.10.6.2  Administrative Feasibility 

 

A. Permitting 

 

The permits and approvals described in Section 8.1.6 are considered to be 

reasonably attainable.  Notably, long lead times are expected for USACE 

approvals of Hudson River work (including approval of barge docking 

facilities, if needed) and longer lead times are expected for MNRR and CSX 

approvals, if rail is chosen as a means of materials transportation. Additionally 

notable, approval from the local municipality for truck routes is expected, 

based on experience with the recent Site building demolition project.   

 

B. Institutional Controls 

 

For this alternative, institutional controls are feasible.  Atlantic Richfield owns 

portions of OU-2 and will work with other property owners to determine the 
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appropriate nature and extent of the institutional controls.  Institutional controls 

will remain as an important component to the remedy.     

 

8.10.6.3  Reliability and Viability of Institutional and Engineering Controls 

 

A. Institutional Controls 

 

The institutional controls described in Section 8.1.6 have been used at many 

sites to provide ongoing protection of human health and the environment and 

therefore are reliable and viable.  

 

B. Engineering Controls 

 

The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and 

sloped shore capping. The reliability and viability of the engineering controls 

will be sustained by the long-term monitoring as described for this alternative 

and a maintenance program developed as part of the Remedial Design.  

Additional details for the long-term monitoring will also be developed as part of 

Remedial Design.     

 

Key elements adopted for this project which demonstrate the reliability and 

viability of the engineering controls include:    

 

 Slope Stability.  This alternative achieves geotechnical stability for the 

sloped cap by flattening the shore slope in the Northwest Area.  The 

inclination of the slope was chosen to provide a minimum factor of 

safety of 1.5 for the permanent condition. A summary of factor of 

safety for the temporary and permanent conditions with discussion of 

the geotechnical slope stability evaluations is provided in Appendix H. 

The shore protection system for the sloped cap is designed to withstand, 

at minimum, 100-year river conditions. 

 

8.10.6.4  Implementability Evaluation 

 

Considering the technical feasibility, administrative feasibility, and the expected 

viability and reliability of the institutional and engineering controls, the ability to 

implement this alternative is considered to be high.    

 

8.10.7 Cost Effectiveness 

 

8.10.7.1  Overall Effectiveness 

 

Overall effectiveness of this alternative is low due to the potential to spread 

contamination. 

 

8.10.7.2  Total Project Costs 

 

Total project costs include design, construction and 30-year O&M.  Costs are 

summarized below with details provided in Appendix M: 
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Total Project Costs 

 

PDI and Design 
OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable Total 

Costs 

$12.9MM  $228.7MM  $3.8MM  $245.4MM  

 

Capital cost is most significantly affected by Northwest Area shore construction and 

dredging operations.  Associated disposal costs and material handling costs are major 

elements of the dredging costs.  These costs are generally estimated as incremental to 

OU-1 project costs as discussed in Section 8.1.7.2. 

 

8.10.7.3  Proportion of Cost to Overall Effectiveness 

 

Proportionality of cost varies by Site area. For the purposes of comparison, the Cost / 

CY is based on the total cubic yards removed in a given area divided by the capital cost 

subtotal for that area (i.e. geneal project costs are not factored in). 

 

Mass calculations have been completed for PCBs and copper only, since they are the 

two primary COCs in the river sediments.  

 

Proportionality Evaluation 

 

PCBs Volume 

(Removed) 

PCB Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 160 lbs 100% 5 ppm 500 $/CY 

Backwater 79,000 CY 2,400 lbs 100% 20 ppm 1,100 $/CY 

Deepwater 53,000 CY 2,900 lbs 100% 30 ppm 1,100 $/CY 

NW Area 16,900 CY 5,000 lbs 100% 180 ppm 2,200 $/CY 

Total 168,300 CY 10,460 lbs 100% 40 ppm 1,100 $/CY 

      
Copper Volume 

(Removed) 

Cu Mass 

(Removed) 

% Mass 

(Removed) 

Avg. Conc. 

(Removed) Cost / CY 

Nearshore 19,400 CY 19,000 lbs 100% 610 ppm 500 $/CY 

Backwater 79,000 CY 22,000 lbs 100% 170 ppm 1,100 $/CY 

Deepwater 53,000 CY 29,000 lbs 100% 340 ppm 1,100 $/CY 

NW Area 16,900 CY 

Not 

Available 

Not 

Available 

Not 

Available 2,200 $/CY 

Total 168,300 CY 71,500 lbs 100% 260 ppm 1,100 $/CY 

 

Data for metals concentrations in the Northwest Off-Shore Area do not provide enough 

information to determine estimated copper mass. Average concentrations in the 

Nearshore and Backwater Areas are relatively low (less than 10 ppm average 

concentration of sediment removed). 
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Key findings from the evaluation are: 

 

 Cost effectiveness in the Nearshore Area is moderate due to the large volume of 

removal, although significant percentage of PCBs and copper is removed. 

 

 Cost Effectiveness in the Deepwater Area is low due to the large volume of 

removal, although significant percentage of PCBs is removed. 

 

 Cost Effectiveness in the Northwest Off-Shore Area is low due to the large 

volume of removal, although significant percentage of PCBs is removed. 

 

 Cost effectiveness in the Backwater Area is moderate due to the large volume 

of removal, although significant percentage of PCBs is removed. 

 

8.10.8 Land Use 

 

This alternative will meet the expected land use requirement of “recreational marine” (e.g. 

kayak launch) for off-shore areas. Construction of supplemental structures for access would be 

feasible in portions of the shore. 

 

For this alternative, the Northwest Off-Shore Area and related OU-1 Northwest On-Shore Area 

would be available for either marine or terrestrial “recreational” future use.  Deed restrictions 

would most likely be imposed on any new upland area.  

 

8.10.8.1  Redevelopment 

 

Redevelopment is defined as the ability to create permanent building structure and is 

not applicable to OU-2. The constructible area in OU-1 (the area for which finished 

grade is above the 100-year flood elevation and not within the construction setback 

from MLW) is only affected by the Northwest Area construction. 

 

8.10.8.2  Recreation Access 

 

As with constructible area, the future accessible land area (defined as Site upland above 

MLW) is only affected by the Northwest Area construction.  For reference, the total 

existing Site accessible land area (above MLW) is 26.7 acres.  Future accessible land 

area following completion of this alternative would decrease by 0.49 acres. 

 

8.10.9 Community Acceptance 

 

Community acceptance can only be evaluated to a limited extent at this time.  This criterion is 

evaluated after the public review of the remedy selection process as part of the final NYSDEC 

selection/approval of a remedy for a site. This criterion is included for completeness, although 

no evaluation is made for the alternatives as part of this RFS.   
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9. COMPARISON OF ALTERNATIVES 

 

 

This chapter compares the various alternatives using the previously discussed evaluation criteria as 

required in DER-10 4.3(a) 6.ii and the analysis of the alternatives in Chapter 8.  The criteria are 

repeated below for reference. 

 

 Overall protectiveness of public health and the environment 

 Compliance with New York Standards, Criteria and Guidelines (SCGs) 

 Long-term effectiveness and permanence 

 Reduction of toxicity, mobility or volume through treatment 

 Short-term impact and effectiveness 

 Implementability 

 Costs effectiveness 

 Land use 

 Community acceptance 

 

For comparative purposes, each alternative was evaluated using the prior analyses and professional 

judgement to assign a value that ranges from low (undesirable) to high (desirable). 

 

9.1 Overall Protection of Human Health and the Environment 

 

This criterion evaluates the ability to protect public health and the environment.  Overall protection of 

human health and the environment draws on the assessments of other evaluation criteria, especially 

long-term effectiveness and permanence, short-term effectiveness, and compliance with SCGs.  

 

Alternative 1, which relies exclusively on no action being taken for the entire Site, fails to achieve the 

RAOs by not preventing or mitigating (to the extent feasible) direct contact with sediments containing 

Site-related COCs.  Although newly deposited sediment has provided some protection against human 

and environmental exposures in some areas, this is not sufficient to satisfy the RAOs.  Since there are 

feasible remedial actions that can be implemented at the Site, this alternative is the least protective of 

overall protection of human health and the environment. 

 

Alternative 9, which includes extensive Deepwater Area dredging, also fails to achieve the RAOs due 

to implementation infeasibility and higher short- and long-term impacts.  Effective turbidity control in 

deepwater is not feasible and dredging without turbidity control will result in mobilizing contaminated 

sediments to extensive areas located downstream.  While the intent of dredging is to remove 

contaminated sediments from the Deepwater Area, the long-term impact of the suspended sediment 

migration poses a more significant threat than the in-situ sediments because the resulting areas impacted 

would far exceed the existing extents of Deepwater Area contaminated sediments.  This increase of 

areal distribution would result in increased short- and long-term impacts to biota from ingestion/direct 

contact with sediments causing toxicity or impacts from bioaccumulation through the marine or aquatic 

food chain. 

 

Alternatives that include Nearshore Area dredging to a minimum of 3 ft below mudline (Alternatives 2-

9) are followed by restoration with either a Subaqueous Cap or Subaqueous Backfill to isolate post-

dredge residual sediments and thereby provide protection to public health and the environment and meet 

the RAOs.  
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Alternatives that include Nearshore Area dredging more than 3 ft below mudline (Alternatives 

3,4,6,7,8,9) do not result in an increase in long-term effectiveness and permanence.  This is supported 

by the following: a) the majority (89%) of accessible PCB mass in the Nearshore Area is removed with 

the removal of the top 3 ft of sediment, b) metals below a subaqueous backfill layer do not pose a threat 

to porewater or biota that are isolated from direct contact, and c) 3 ft is a sufficient depth to mitigate 

future potential for scour.  Additionally, the Nearshore Area has been documented by NYSDEC to be a 

depositional environment.  Dredging sediments more than 3 ft below mudline would reduce short-term 

effectiveness by increasing the potential for release of contaminated suspended sediment, increasing 

construction duration, increasing impacts to the community, and decreasing sustainability.  Dredging to 

at least 3 ft achieves SCGs for sediments that have the potential to impact human health and the 

environment. 

 

Alternatives 2 through 8 include a containment approach in the Northwest Area.  Capping would 

consist of either a Northwest Extension (a non-subaqueous cap technology process option) or a 

Northwest Sloped Cap (a subaqueous cap technology process option).  The Northwest Extension 

achieves long-term effectiveness and permanence through the installation of an anchored bulkhead wall 

and cover system composed of clean material placed over the contaminated sediment for purposes of 

isolation.  The Northwest Sloped Cap achieves long-effectiveness and permanence by armoring of the 

slope and installation of a subaqueous cap.  Both technologies require ongoing O&M.   

 

The Northwest Extension provides easier access for the potential installation of DNAPL recovery wells 

along the current shore whereas the Northwest Sloped Cap would require the use of angled wells (and 

possibly an access structure).  The Northwest Extension also provides better implementability through 

simpler installation of and easier access to the groundwater treatment system along the shore for 

maintenance and monitoring. 

 

All alternatives, except Alternative 1, would prevent or mitigate existing or potential human exposures 

or environmental impacts associated with contaminated sediments to some extent.  Alternative 9 has the 

most severe short- and long-term impacts associated with Deepwater Area dredging (based on the 

associated impacts from contaminant migration), and therefore is the least protective.  Outside the 

Northwest Area, Alternatives 2 and 5 provide the best balance of enhanced long-term benefits 

(associated with contamination removal and isolation) with less short- and long-term impacts (due to 

less sediment resuspension and migration, and a smaller quantity of sediment removed and disposed).  

Within the Northwest Area, both capping options (Northwest Extension or a Northwest Sloped Cap) 

provide protectiveness but the Northwest Extension may provide additional long-term benefits for OU-1 

remedial objectives related to DNAPL and groundwater. 

 

9.1.1 Results of Criterion Evaluation  

 

Based on the evaluation and review of each alternative, a qualitative assessment for this 

criterion is summarized as follows:   
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Overall Protection of Human Health and the Environment 

 Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Evaluation 

Alt. 1 No Action Fails RAOs 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

High 

Alt. 3 6 ft Med- High 

Alt. 4 10 ft Medium 

Alt. 5 Cap 

Exten-

sion 

High 

Alt. 6 6 ft Med-High 

Alt. 7 10 ft Medium 

Alt. 8 Practicable Medium 

Alt. 9 Practicable & NW Area Slope Low 

                           * Evaluation ranges from Low (undesirable) to High (desirable) 

 

Key findings from the evaluation are: 

 

 Alternative 1 fails to meet the RAOs and does not protect public health and the 

environment. 

 

 Alternative 9 is undesirable because, while Site-specific Cleanup Levels may be 

achieved in the Deepwater Area, COCs will likely contaminate other river areas. 

 

 Overall Protection is primarily a function of the Nearshore dredge.  Protection is 

achieved through a dredge of up to 3 ft with little to no benefit for additional dredge.  

Since additional dredge and related material handling poses an increase in short-term 

impacts, these alternatives have been assessed as less desirable. 

 

9.2 Compliance with SCGs 

 

This criterion evaluates the extent to which each alternative conforms to officially promulgated 

standards and criteria that are directly applicable or that are relevant and appropriate. SCGs for the Site 

are identified along with a discussion of whether or not the alternative will achieve compliance. The 

selection of a remedy would also take into consideration guidance as appropriate. SCGs applicable for 

OU-2 have been identified in Chapter 4 and Section 8.1.1 of the RFS.   

 

Alternatives 2 through 9 will mitigate potential environmental exposures to sediment exceeding Site-

Specific Cleanup Levels for PCBs and COC metals, to the extent feasible, through a combination of 

dredging, Subaqueous Backfill or Cap, off-Site disposal, construction of a containment system in the 

Northwest Off-Shore Area and institutional controls. Complete compliance with SCGs is not feasible in 

the Deepwater Areas and in the Northwest Off-Shore Area. 

   

9.2.1 Results of Criterion Evaluation  

 

A qualitative assessment of the alternatives for compliance with SCGs is summarized as 

follows:   
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Compliance with SCGs 

 Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Evaluation 

Alt. 1 No Action Fails RAOs 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

High 

Alt. 3 6 ft High 

Alt. 4 10 ft High 

Alt. 5 Cap 

Exten-

sion 

High 

Alt. 6 6 ft High 

Alt. 7 10 ft High 

Alt. 8 Practicable High 

Alt. 9 Practicable & NW Area Slope Low 

* Evaluation ranges from Low (undesirable) to High (desirable) 

 

Key findings from the evaluation are: 

 

 Alternatives 2 through 9 satisfy the SCGs. 

 

 While Site-specific Cleanup Levels may be achieved in the Deepwater Area for 

Alternative 9, COCs will likely contaminate other river areas and therefore this 

alternative has been assessed as undesirable. 

 

9.3 Long-Term Effectiveness and Permanence 

 

This criterion evaluates the long-term effectiveness and permanence of the alternatives after 

implementation.  If contamination will remain on- or off-Site after implementation, this evaluation 

assesses the impact of the remaining contamination. 

 

9.3.1 Dredging 

 

Implementation of any removal alternatives may leave some residual contamination at the post-

dredge surface. However, all removal alternatives also include containment measures 

(Subaqueous Cap or Backfill) which increases the long-term effectiveness and permanence.  For 

Alternatives 2 through 8, the post-remedy surface conditions are less than Site-specific Cleanup 

Levels for all areas except Deepwater and Alternative 9 increases the extent of contamination 

due to dredging without turbidity control. 

  

Alternatives 2 through 8 are effective at mitigating exposure to residual contamination.  

 

9.3.2 Institutional Controls 

 

All alternatives will require some level of institutional controls.  Controls would be 

implemented across the Site to limit the potential for future anthropogenic exposures. All 

alternatives include the development of a Site Management Plan, which will be developed 

during Remedial Design. Specific institutional controls are similar for each alternative and vary 

by ownership (see Figure 25). 

 

Alternatives 8 and 9 include areas with practicable dredge and therefore would potentially 

require less restrictive institutional controls. 
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9.3.3 Specific Technical Issues 

 

River Impacts 

 

Impacts to the river, including potential changes to volume, area or substrate are considered 

below.  The Northwest Area is the only OU-2 area where alternatives result in these types of 

long-term impacts to the river. 

 

River Impact – River Volume & Area 

 

For Alternatives 2 through 9, which include dredge in the Nearshore, Backwater, and 

Deepwater Areas, dredging will be accompanied by Subaqueous Cap or Backfill.  Therefore, 

there is no net change in River volume or area for the alternatives in these OU-2 Site areas.  

Impacts to the Northwest Area are evaluated below.  Negative values represent a net reduction 

in river volume due to material placed in the river and positive values indicate a net increase in 

river volume. 

 

A quantitative assessment is summarized as follows:   

 

Changes to the Hudson River Volume and Area  

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Total change 

in Hudson 

River 

Volume 

(MLW) 

Total change in 

Hudson River 

Area (MLW) 

Total change 

in Hudson 

River 

Volume 

(MHW) 

Total change 

in Hudson 

River Area 

(MHW) 

Alt. 1 No Action 0 CY +0.00 acres 0 CY +0.00 acres 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

+7,365 CY +0.49 acres +10,990 CY +0.57 acres 

Alt. 3 6 ft +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

Alt. 4 10 ft +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

Alt. 5 Cap 

Exten-

sion 

-68,515 CY -0.69 acres -73,865 CY -0.89 acres 

Alt. 6 6 ft -68,515 CY -0.69 acres -73,865 CY -0.89 acres 

Alt. 7 10 ft -68,515 CY -0.69 acres -73,865 CY -0.89 acres 

Alt. 8 Practicable -68,515 CY -0.69 acres -73,865 CY -0.89 acres 

Alt. 9  Practicable & NW Area Slope +7,365 CY +0.49 acres +10,990 CY +0.57 acres 

Gain/Loss represented as +/- 

 

Key findings from the evaluation are: 

 

 For all alternatives, the total change in Hudson River volume and area are small since the 

river is approximately 4,800 ft wide. The shoreline moves from its existing location by less 

than 2% of the river’s overall width.  The total change in river volume is less than 1% of 

the total volume as calculated based on the approximate cross-sectional area of the river at 

the Northwest Off-Shore Area.   

 

River Impact – Substrate 

 

Changes in the littoral, intertidal, and deeper zones outside the Northwest Off-Shore area are 

small since these areas are restored to existing bathymetry after any dredging for all alternatives 

except Alternative 1 “No Action”.  Long-term substrate conditions in dredged areas are 

expected to return to current conditions within 6-12 years due to natural deposition based on 
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sediment deposition rates in the Nearshore and Backwater Areas (estimated by radiometric-

dating of sediment cores).  Within the Northwest Off-shore Area, the littoral and intertidal 

zones, currently comprised of steep, sloped rip-rap substrate, would be replaced with upland by 

the Northwest Extension in Alternatives 5, 6, and 7 or a flatter, sloped rip-rap in Alternatives 

2, 3, and 4 as presented in the tables below. 

 

Changes to the Hudson River Northwest Area Littoral Substrate 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Existing 

Littoral Zone 

Impacted Area 

(acres) 

Existing 

Littoral Zone 

Substrate Type 

Change in 

Littoral 

Zone Area 

(acres) 

Future Littoral 

Zone Substrate 

Type 

Alt. 1 No Action 0.00 -- -- -- 

Alt. 2 Cap 
Dredge 

Local 

Surfac

e 

Areas 

Conc. 

PCB

M 

Areas 

Sloped 

Cap 

0.45 

Steep Slope  

Large Rip-rap 

+0.24 
Flatter Slope 

Large Rip-rap 
Alt. 3 6 ft 0.45 +0.24 

Alt. 4 10 ft 0.45 +0.24 

Alt. 5 Cap 

Exten-

sion 

0.45 -0.45 

Vertical Barrier 
Alt. 6 6 ft 0.45 -0.45 

Alt. 7 10 ft 0.45 -0.45 

Alt. 8 Practicable 0.45 -0.45 

Alt. 9 Practicable & NW Area Slope 0.45 +0.24 
Flatter Slope 

Large Rip-rap 

 

Changes to the Hudson River Northwest Area Intertidal Substrate 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Existing 

Intertidal Zone 

Impacted Area 

(acres) 

Existing 

Intertidal Zone 

Substrate Type 

Change in 

Intertidal 

Zone Area 

(acres) 

Future 

Intertidal  Zone 

Substrate Type 

Alt. 1 No Action 0.00 -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCBM 

Areas 

Sloped 

Cap 

0.21 

Steep Slope  

Large Rip-rap 

+0.08 
Flatter Slope 

Large Rip-rap 
Alt. 3 6 ft 0.21 +0.08 

Alt. 4 10 ft 0.21 +0.08 

Alt. 5 Cap 

Exten-

sion 

0.21 -0.21 

Vertical Barrier 
Alt. 6 6 ft 0.21 -0.21 

Alt. 7 10 ft 0.21 -0.21 

Alt. 8 Practicable 0.21 -0.21 

Alt. 9  Practicable & NW Area Slope 0.21 +0.08 
Flatter Slope 

Large Rip-rap 

 

Key findings from the evaluation are: 

 

 Littoral and intertidal areas are eliminated in alternatives with a Northwest Extension.  

Mitigation to offset river impacts will be provided for these alternatives.   

 

 Littoral and intertidal areas will increase in alternatives with a Northwest Sloped Cap. 

 

Sea Level Changes 

 

All alternatives, except Alternative 1 “No Action”, address the potential for sea level change to 

accommodate the potential sea level change of approximately 23 inches.  

 

Sea level change would be easier to accommodate with a sloped shore in the Northwest Area.  
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Integration with OU-1 

 

All alternatives are compatible with the OU-1 required elements. Alternatives which include a 

Northwest Extension are expected to more easily support installation of additional DNAPL 

recovery systems in OU-1 as well as the installation and O&M of the groundwater controls. 

 

9.3.4 Results of Criterion Evaluation 

 

Based on the evaluation and review of each alternative, a qualitative assessment for this 

criterion is summarized as follows:   

 

Long-Term Effectiveness and Permanence 

 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Reduces 

Impacts 

from 

Residuals 

Reduces 

Instit. 

Controls 

Reduces 

River 

Impacts 

Accommodates 

Sea Level 

Change 

Provides for 

Integration 

with OU-1 

Evaluation 

Alt. 1 No Action -- -- -- -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

High Medium High High Medium Med-High 

Alt. 3 6 ft High Medium High High Medium Med-High 

Alt. 4 10 ft High Medium High High Medium Med-High 

Alt. 5 Cap 

Exten-

sion 

High Medium Medium Med-High High Med-High 

Alt. 6 6 ft High Medium Medium Med-High High Med-High 

Alt. 7 10 ft High Medium Medium Med-High High Med-High 

Alt. 8 Practicable High Med-Hi Medium Med-High High Med-High 

Alt. 9 Practicable & NW Area Slope Low High High High Med-High Low 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

Key findings from the evaluation are: 

 

 Residuals are significantly increased for Alternative 9 due to the lack of turbidity 

control during construction. 

 

 Institutional controls for alternatives with significantly reduced residual contamination 

are effective and therefore assessed as Medium-High to High. 

 

 River impacts would be greater for alternatives with a Northwest Extension but 

mitigation to offset river impacts is feasible and therefore these alternatives are not 

assessed as undesirable. 

 

 Sea level change evaluation considers the potential for future rise of approximately 23 

inches which would be easier to accommodate with a sloped shore in the Northwest 

Area.  

 

 Relative to integration with OU-1, the Northwest Extension is more desirable since it 

provides better access for DNAPL and groundwater implementation and O&M. 

 

 The Overall Evaluation of Alternative 9 was assessed as undesirable due to the 

significant concern about residuals (uncontrolled release of contaminated sediments 

from dredging operations which would cause a significant increase in total post-dredge 

impacted area). 
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9.4 Reduction of Toxicity, Mobility, or Volume 

 

This criterion evaluates the degree to which the alternative reduces the toxicity, mobility and volume of 

Site contamination.  

 

9.4.1 Toxicity 

 

None of the alternatives reduce toxicity of COCs. 

 

9.4.2 Mobility 

 

All alternatives, except Alternative 1 “No Action”, incorporate Subaqueous Capping or Backfill 

of post-dredge areas which has been shown to effectively reduce mobility.  Alternatives that 

remove sediments more than 3 ft below mudline (i.e. deeper than required for the installation of 

the cap) do not further reduce mobility of residual contamination.  There is no significant 

difference between Subaqueous Capping or Backfill with respect to reduction of mobility of 

post-dredged residual contaminated sediment since both incorporate erosion protection. 

 

Deepwater dredging in Alternative 9 increases short-term mobility since this dredging occurs 

outside any turbidity control.   

 

9.4.3 Volume 

 

The assessment of mass for COCs includes PCBs and copper as the primary COCs.  Other 

metal are typically co-located with copper and the copper dataset is the most extensive 

(however there is only one metals sample location within the Northwest Area).  Lead mass was 

calculated for each alternative for total removal only, and was not broken into separate areas. 

For the purposes of evaluation, percent mass removal is calculated as removed mass as a 

percentage of accessible mass.   Accessible mass is considered to be mass contained in sediment 

that is within constructible limits.  Contaminated sediment outside the constructible limits is 

predominantly found in the Northwest Area.  Total PCB Mass in OU-2 has been estimated to 

be 25,000 lbs of which 10,460 lbs (42%) are accessible.  Since copper information in the 

Northwest Area is limited to one surface sample, mass within sediments that are not accessible 

is not known but may be present.  Therefore, some mass of copper and other metals within 

OU-2 is not accessible.  Mass removal varies by approach and has been evaluated for each Site 

area. 

 

  



235 

A quantitative assessment is summarized as follows:   

 

Dredge Volume by Area 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Estimated 

OU-2 

Dredge 

(CY) 

Nearshore 

Dredge 

(CY) 

Backwater 

Dredge 

(CY) 

Deepwater 

Dredge 

(CY) 

Northwest 

Dredge 

(CY) 

Alt. 1 No Action 0 0 0 0 0 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

15,800 11,500 1,100 300 2,900 

Alt. 3 6 ft 22,400 18,100 1,100 300 2,900 

Alt. 4 10 ft 23,300 19,400 1,100 300 2,900 

Alt. 5 Cap 

Exten-

sion 

12,900 11,500 1,100 300 0 

Alt. 6 6 ft 19,500 18,100 1,100 300 0 

Alt. 7 10 ft 20,800 19,400 1,100 300 0 

Alt. 8 Practicable 98,700 19,400 79,000 300 0 

Alt. 9 Practicable & NW Area Slope 168,300 19,400 79,000 53,000 16,900 

 

PCB Mass Removal 

PCBs 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Estimated  

Mass (lbs) 

Removal  

Nearshore 

Mass (lbs) 

Removal 

Backwater 

Mass (lbs) 

Removal 

Deepwater 

Mass (lbs) 

Removal 

Northwest 

Mass (lbs) 

Removal 

Alt. 1 No Action           

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

 2,590 

(25%)  

140 

(89%) 

10  

(0.5%) 

440  

(15%) 

2,000 

(39%) 

Alt. 3 6 ft 
2,610 

(25%) 

160 

(100%) 

10  

(0.5%) 

440  

(15%) 

2,000 

(39%) 

Alt. 4 10 ft 
2,610 

(25%) 

160 

(100%) 

10  

(0.5%) 

440  

(15%) 

2,000 

(39%) 

Alt. 5 Cap 

Exten-

sion 

590  

(6%) 

140 

(89%) 

10  

(0.5%) 

440  

(15%) 
-- 

Alt. 6 6 ft 
610  

(6%) 

160 

(100%) 

10  

(0.5%) 

440  

(15%) 
-- 

Alt. 7 10 ft 
610  

(6%) 

160 

(100%) 

10  

(0.5%) 

440  

(15%) 
-- 

Alt. 8 Practicable 
3,000 

(29%) 

160 

(100%) 

2,400 

(100%) 

440  

(15%) 
-- 

Alt. 9 Practicable & NW Area Slope 
10,460 

(100%) 

160 

(100%) 

2,400 

(100%) 

2,900 

(100%) 

5,000 

(100%) 

 

Key findings from the evaluation are: 

 

 In the Nearshore Area approximately 89% of accessible PCB mass is located within the 

top 3 ft of sediments. 

 

 Much of the accessible PCB mass in the Backwater Area is found in deeper sediments 

and therefore, for Alternatives 2 through 7, total removal in this area is limited.   

 

 Dredge in Deepwater Areas focuses on Concentrated PCB Materials and removes a 

significant percentage of offshore accessible mass through dredging small isolated 

areas. 
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 The primary remedial action in the Northwest Off-Shore Area for Alternatives 2 

through 8 is containment.  Alternatives 2 through 4 also include some mass removal to 

create the designed slope. 

 

 Overall mass removal ranges from 6% to 29% of accessible mass for Alternatives 2 

through 8. 

 

 Alternative 9 removes all accessible mass, however this is only approximately 40% of 

total mass located in OU-2. 

 

Copper Mass Removal 

Cu 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Estimated  

Mass (lbs) 

Removal  

Nearshore 

Mass (lbs) 

Removal 

Backwater 

Mass (lbs) 

Removal 

Deepwater 

Mass (lbs) 

Removal 

Northwest 

Mass (lbs) 

Removal 

Alt. 1 No Action           

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

8,240 

(11%) 

6,800 

(35%) 
220 (1%) 20 (0.1%) 

1,200 

(80%) 

Alt. 3 6 ft 
19,440 

(27%) 

17,500 

(90%) 
220 (1%) 20 (0.1%) 

1,200 

(80%) 

Alt. 4 10 ft 
20,440 

(29%) 

19,400 

(100%) 
220 (1%) 20 (0.1%) 

1,200 

(80%) 

Alt. 5 Cap 

Exten-

sion 

7,040 

(10%) 

6,800 

(35%) 
220 (1%) 20 (0.1%) -- 

Alt. 6 6 ft 
18,240 

(25%) 

17,500 

(90%) 
220 (1%) 20 (0.1%) -- 

Alt. 7 10 ft 
19,240 

(27%) 

19,400 

(100%) 
220 (1%) 20 (0.1%) -- 

Alt. 8 Practicable 
41,020 

(57%) 

19,400 

(100%) 

22,000 

(100%) 
20 (0.1%) -- 

Alt. 9 Practicable & NW Area Slope 
71,500 

(100%) 

19,400 

(100%) 

22,000 

(100%) 

32,000 

(100%) 

1,500 

(100%) 

 

Key findings from the evaluation are: 

 

 In the Nearshore Area approximately 90% of copper mass is located within the top 6 ft 

of sediments. 

 

 Much of the copper mass in the Backwater Area is found in deeper sediments and 

therefore, for Alternatives 2 through 7, total removal in this area is limited. 

 

 The primary remedial action in the Northwest Off-Shore Area for Alternatives 2 

through 8 is containment.  Alternatives 2 through 4 also include some mass removal to 

create the designed slope. 

 

 Overall mass removal ranges from 10% to 29% of accessible mass for Alternatives 2 

through 7. 

 

 Alternative 9 removes all accessible mass but an unknown amount of mass in a portion 

of the Northwest Area will remain in place. 
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Summary of PCB Removal 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Estimated 

PCB Mass 

Removal 

% 

Removed 

(PCBs) 

Areal 

Extent of 

Removal 

Alt. 1 No Action       

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

2,590 lbs 25% 3.7 acres 

Alt. 3 6 ft 2,610 lbs 25% 3.7 acres 

Alt. 4 10 ft 2,610 lbs 25% 3.7 acres 

Alt. 5 Cap 

Exten-

sion 

590 lbs 6% 3.0 acres 

Alt. 6 6 ft 610 lbs 6% 3.0 acres 

Alt. 7 10 ft 610 lbs 6% 3.0 acres 

Alt. 8 Practicable 3,000 lbs 29% 5.5 acres 

Alt. 9 Practicable & NW Area Slope 10,460 lbs 100% 13.9 acres 

 

Summary of Metals Removal 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Estimated 

Copper 

Mass 

Removal 

% 

Removed 

(Cu) 

Estimated 

Lead Mass 

Removal 

% 

Removed 

(Pb) 

Areal 

Extent of 

Removal 

Alt. 1 No Action           

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

8,240 lbs 11% 10,100 lbs 45% 3.7 acres 

Alt. 3 6 ft 19,440 lbs 27% 12,800 lbs 58% 3.7 acres 

Alt. 4 10 ft 20,440 lbs 29% 14,300 lbs 64% 3.7 acres 

Alt. 5 Cap 

Exten-

sion 

7,040 lbs 10% 8,600 lbs 39% 3.0 acres 

Alt. 6 6 ft 18,240 lbs 25% 11,200 lbs 50% 3.0 acres 

Alt. 7 10 ft 19,240 lbs 27% 12,700 lbs 57% 3.0 acres 

Alt. 8 Practicable 41,020 lbs 57% 19,400 lbs 87% 5.5 acres 

Alt. 9 Practicable & NW Area Slope 71,500 lbs 100% 22,200 lbs 100% 13.9 acres 

 

Key findings from the evaluation are: 

 

 Areal extent of removal is similar for Alternatives 2 through 7 and increases for 

Alternatives 8 and 9 due to an increase in Backwater Area and the addition of 

Deepwater Area for Alternative 9. 

 

 Overall accessible PCB mass removal ranges from 6% to 29% for all alternatives 

except Alternative 9. 

 

 Alternative 9 removes all accessible PCB mass which only accounts for approximately 

40% of total mass located in OU-2. 

 

 Overall copper mass removal ranges from 10% to 29% for Alternatives 2 through 7. 

 

 Alternative 9 removes all accessible copper mass but an unknown amount of mass in a 

portion of the Northwest Area will remain in place. 
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9.4.4 Results of Criterion Evaluation  

 

A qualitative assessment of the alternatives relative to toxicity, mobility and volume is 

summarized as follows:   

 

Reduction of Toxicity, Mobility, or Volume 

 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Reduces 

Toxicity 

Reduces 

Mobility 

Reduces  

Volume 
Evaluation 

Alt. 1 No Action -- -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

Low High Medium Med-High 

Alt. 3 6 ft Low High Medium Med- High 

Alt. 4 10 ft Low High Medium Med- High 

Alt. 5 Cap 

Exten-

sion 

Low High Medium Med-High 

Alt. 6 6 ft Low High Medium Med-High 

Alt. 7 10 ft Low High Medium Med-High 

Alt. 8 Practicable Low High Med-High Med-High 

Alt. 9 Practicable & NW Area Slope Low Med-High High Med-High 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

Key findings from the evaluation are: 

 

 Reduction of Toxicity is assessed as low because none of the alternatives reduce 

toxicity of COCs 

 

 Reduction of Mobility is high due to the implementation of Subaqueous Cap or Backfill 

in all dredged areas.   Alternative 9 is less desirable because it will increase the 

footprint of contaminated sediments post-remedy that are subject to potential migration. 

 

 Reduction of Volume is assessed to be more desirable for Alternatives 8 and 9 when 

compared to the other alternatives because these alternatives will remove significant 

additional mass from the Site. 

 

9.5 Short-Term Impacts and Effectiveness 

 

This criterion evaluates the potential short-term adverse environmental impacts and human exposures 

during the implementation of these alternatives.   

 

9.5.1 Human Health – Air Quality Impacts 

 

All alternatives will include impacts to the community. The primary impacts to the community 

are the short-term potential for degraded air quality during the construction phase and increased 

heavy truck traffic on local roadways.  The primary air quality risks are associated with Site-

specific dust from Site activities (e.g. preparation for transportation) and the generation of 

particulate emissions by road traffic. In general, alternatives with the fewest truck trips will 

have the smallest impact to the community. The table below summarizes local community 

impacts associated with the implementation of remedial alternatives.  

 

A quantitative assessment is summarized as follows:   
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Factors Affecting Local Community 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Total Particulate 

Emissions 

Total Haul 

Truck Round-

trips 

(assumes reuse) 

Alt. 1 No Action -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

27,700 lbs 1,180 

Alt. 3 6 ft 27,700 lbs 1,190 

Alt. 4 10 ft 27,700 lbs 1,190 

Alt. 5 Cap 

Exten-

sion 

27,600 lbs 380 

Alt. 6 6 ft 27,600 lbs 390 

Alt. 7 10 ft 27,600 lbs 390 

Alt. 8 Practicable 55,800 lbs 4,700 

Alt. 9 Practicable & NW Area Slope 83,800 lbs 8,300 

 

Factors Affecting Global Community 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Greenhouse Gas 

Emissions  

(metric tons) 

Alt. 1 No Action -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

9,800 

Alt. 3 6 ft 10,200 

Alt. 4 10 ft 10,200 

Alt. 5 Cap 

Exten-

sion 

10,300 

Alt. 6 6 ft 10,700 

Alt. 7 10 ft 10,800 

Alt. 8 Practicable 29,000 

Alt. 9  Practicable & NW Area Slope 42,900 

 

 

Key findings from the evaluation are: 

 

 For Dust, Particulate Emissions, Traffic and carbon footprint, impacts are correlated to 

the material handling activities, therefore Alternatives 8 and 9 have the greatest 

potential for dust generation due to the volume of materials handled. 

 

 On-Site mobile combustion will be the greatest contributor to the carbon footprint for 

each of the alternatives. Transportation of materials and waste by trucks will also result 

in significantly higher GHG emissions for Alternative 8 and 9.  

 

 The difference between Alternative 2 and Alternative 9 would be equivalent to the 

GHG emissions caused by approximately 6,330 passenger vehicles on the road for a 

year.  

 

9.5.2 Occupational Risk 

 

All alternatives, except Alternative 1 “No Action”, include various safety measures and specific 

training.  Work over and near water is of specific concern because these working conditions 

create an increased risk to workers.   
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                          Occupational Fatalities 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Potential 

Occupational 

Fatalities 

Alt. 1 No Action 0.00% 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

0.73% 

Alt. 3 6 ft 0.74% 

Alt. 4 10 ft 0.74% 

Alt. 5 Cap 

Exten-

sion 

0.56% 

Alt. 6 6 ft 0.57% 

Alt. 7 10 ft 0.57% 

Alt. 8 Practicable 2.05% 

Alt. 9 Practicable & NW Area Slope 3.34% 

 

Key findings from the evaluation are: 

 

 Alternatives 8 and 9 pose a considerably higher risk than other alternatives primarily 

due to the increased scope and duration.  Additionally, not reflected in the table above, 

Alternatives 8 and 9 include an increased amount of work over the wate which poses an 

increased occupational risk. 

  

9.5.3 Habitat Disturbance 

 

Nearshore Area dredging will disturb the existing marine habitat in Alternatives 2 through 9.  

Turbidity control would be used to limit the effects on areas outside the dredge areas except for 

the Deepwater Area. 

  

Alternative 9 would impact the river habitat the most severely due to the extent of deepwater 

dredging without turbidity control and associated re-suspension of sediments. 

 

9.5.4 Landfill Consumption 

 

This RFS assumes that the reuse criteria defined in the OU-1 ROD (soil less than 10 ppm PCBs 

can be placed on-Site) would be applied to reuse of OU-2 sediment in OU-1.  The RFS also 

assumes that the sediment can readily be amended to meet engineering criteria for use as 

compacted backfill.  This will be further evaluated during Remedial Design.  Based on reuse of 

applicable sediment from areas designated on Figure 26, landfill consumption would be limited 

to the following.   
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Total Landfill Consumption 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Total Landfill 

Consumption 

Alt. 1 No Action -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

17,300 

Alt. 3 6 ft 17,500 

Alt. 4 10 ft 17,500 

Alt. 5 Cap 

Exten-

sion 

5,600 

Alt. 6 6 ft 5,800 

Alt. 7 10 ft 5,800 

Alt. 8 Practicable 68,900 

Alt. 9 Practicable & NW Area Slope 122,000 

 

Key findings from the evaluation are: 

 

 Alternatives 2-4 include a Northwest Sloped Cap and when compared with Alternatives 

5-7 will have increased landfill consumption because the material required to be 

removed for the designed slope and cap is not expected to meet reuse criteria. 

 

 Alternatives 8 and 9 have significantly higher consumption due to the extensive 

dredging associated with these alternatives and the limited space on Site for reuse. 

 

9.5.5 Schedule 

 

With the exception of Alternatives 8 and 9, each alternative can be constructed within 2 

working seasons. Primarily due to additional dredging activities, Alternative 8 would require an 

additional 24 months and Alternative 9 an additional 48 months.   

 

The estimated project duration assumes that construction is integrated with OU-1.  A separate 

mobilization for OU-2 would increase these durations. 

 

Project Duration 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Pre-

Construction 

Duration (Mo.) 

Construction 

Duration 

(Mo.) 

Total Project 

Duration (Mo.) 

Alt. 1 No Action -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

20 24 44 

Alt. 3 6 ft 20 24 44 

Alt. 4 10 ft 20 24 44 

Alt. 5 Cap 

Exten-

sion 

24 24 48 

Alt. 6 6 ft 24 24 48 

Alt. 7 10 ft 24 24 48 

Alt. 8 Practicable 30 48 78 

Alt. 9  Practicable & NW Area Slope 36 72 108 
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9.5.6 Results of Criterion Evaluation  

 

Based on the evaluation and review of each alternative, a qualitative assessment for this 

criterion is summarized as follows:   

 

Short Term Impacts and Effectiveness 

 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Reduction 

of 

Impacts to 

Human 

Health 

Reduction 

of Occ. 

Risk 

Reduction 

of Habitat 

Disturb. 

Reduction of 

Landfill 

Consumption 

Reduction 

of 

Schedule 

Duration 

Evaluation 

Alt. 1 No Action -- -- -- -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

Med-High High High Medium High Med-High 

Alt. 3 6 ft Med-High High High Medium High Med-High 

Alt. 4 10 ft Med-High High High Medium High Med-High 

Alt. 5 Cap 

Exten-

sion 

High High High High High High 

Alt. 6 6 ft High High High High High High 

Alt. 7 10 ft High High High High High High 

Alt. 8 Practicable Medium Low Med-High Low Medium Med-Low 

Alt. 9 Practicable & NW Area Slope Low Low Low Low Low Low 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

Key findings from the evaluation are: 

 

 Alternatives with a Northwest Sloped Cap (Alternatives 2, 3, 4, and 9) have greater 

human health impacts because of the increased traffic and related air quality impacts. 

 

 Occupational Risk is higher for Alternatives 8 and 9 without a corresponding benefit in 

overall protectiveness, therefore the evaluation is “Low” (undesirable). 

 

 Habitat Disturbance related to Alternatives 2 through 7 are very similar.Additional 

negative impacts would occur for Alternative 8 because of the increase in Backwater 

Area dredging and Alternative 9 would create significantly more negative impacts due 

to disturbance of large areas and negative impacts associated with dredging without 

turbidity control. 

 

 Landfill consumption is less for Alternatives 5 through 7 and is significantly higher for 

Alternatives 8 and 9. 

 

 The schedule for implementation is significantly longer for Alternatives 8 and 9. 

 

 The overall evaluation assesses the Northwest Extension alternatives as more desirable 

than Northwest Slope Cap alternatives, relative to short term impacts and effectiveness. 

 

 Although not reflected in the evaluation above, Alternatives 2 and 5 do not increase 

dredging beyond what is required to meet the RAOs and protecting human health and 

the environment, which in turn reduces the amount of traffic, GHG, and particulate 

emissions. 
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9.6 Implementability 

 

This criterion evaluates the technical and administrative feasibility of implementing an alternative.  

Technical feasibility includes the difficulties associated with construction and the ability to monitor the 

effectiveness of an alternative or remedy.  Administrative feasibility includes the availability of the 

necessary personnel and material and potential difficulties in obtaining specific operating approvals, 

access for construction, etc. The evaluation includes the reliability and viability of the proposed 

institutional or engineering controls for each alternative. 

 

In this section, the alternatives are compared for implementability for the four OU-2 areas of 

remediation:  Nearshore, Backwater, Deepwater, and Northwest Off-Shore Area.   

 

9.6.1 Technical Feasibility 

 

Differences in the technical feasibility of dredging and subaqueous cap/backfilling along with 

shore completions (sloped shore vs. sheet pile) in the Northwest Offshore Area are identified 

below.   

 

9.6.1.1  Construction Difficulty 

 

For Nearshore Area dredging (and placement of Subaqueous Cap when applicable), the 

key difference in construction difficulty is that Alternatives 8 and 9 require the upland 

to be supported during deep dredging with a temporary bulkhead wall and sheet pile 

deadmen, which are not needed in the other alternatives.  For the Backwater Area, 

Alternatives 8 and 9 require more effort to dredge because the depth and area of 

dredging is significantly greater than the other alternatives.  For the Deepwater Area, 

the construction difficulty for Alternatives 2 through 8 is similar (due to the limited 

number of specific dredging locations).  Alternative 9 involves extensive deepwater 

dredging.  Since dredging in the Deepwater Area will not have turbidity control, 

Alternative 9 will result in much greater suspension of sediment and increase in river 

turbidity.    

 

The Northwest Off-Shore Area alternatives utilize either a Sloped Cap (Alternatives 2, 

3, 4, and 9) or bulkhead wall (Alternatives 5 through 8).  Both groups of alternatives 

are acceptable from a geotechnical perspective, since they all provide the minimum 

required factor of safety for slope stability, in both the temporary and permanent cases.  

Alternatives 5 through 8 are more challenging to construct, since they are expected to 

require off-shore construction of a large bulkhead wall requiring heavy king pile 

construction and associated tie-rods.  Also, Alternatives 5 through 8 will result in 

settlement of the newly created upland from the placement of fill.  The tie-rod and 

deadman system will have to be designed to accommodate the settlement, and 

maintenance grading will have to be performed over time to add fill to the areas that 

experience settlement.  Further, a more significant corrosion protection system will be 

needed for Alternatives 5 through 8, to provide the required design life. 

 

Other differences between the groups of alternatives are: 

 

 Because the Sloped Cap alternatives do not have tie-rods, deadman anchors or 

the heavy king pile wall, the Sloped Cap alternatives (Alternatives 2, 3, 4, and 

9) are easier to construct in the Northwest Area.  
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 Maintenance to accommodate the settlement of the upland can be more readily 

performed for the Sloped Cap than for the Northwest Extension bulkhead wall.   

 

 The maintenance needed for sheeting (occasional repairs and continuous 

cathodic protection) is more robust and requires more specialty work compared 

to that needed for the Sloped Cap rip-rap (occasional grading and replacement 

of rip-rap).    

 

 Control for potential long-term particulate migration is provided by the 

bulkhead wall in Alternatives 5 through 8. For Alternatives 2, 3, 4 and 9, long-

term particulate migration control is provided by filter media (e.g. geotextile) 

beneath the Sloped Cap rip-rap, which increases the construction difficulty of 

the Sloped Cap alternatives. 

 

9.6.1.2  Ability to Measure Effectiveness 

 

As described previously in Chapter 8, all of the alternatives are essentially the same 

with respect to the ability to measure the effectiveness of the alternative. 

 

9.6.2 Administrative Feasibility 

 

9.6.2.1  Permitting 

 

Both approaches in the Northwest Area (Extension or Sloped Cap) will require USACE 

consultation and agreement.  The level of permitting effort and acceptance is expected 

to be similar for all alternatives. All alternatives will require some level of permitting 

and approval by local, state, and federal agencies.  The dredge in the Deepwater Area 

required in Alternative 9 is expected to result in significant permitting issues due to the 

inability to control turbidity. 

 

9.6.2.2  Institutional Controls 

 

All alternatives require institutional controls (including a Site Management Plan, 

easements and access agreements).  Due to the greater extent of dredging compared to 

other alternatives, Alternatives 8 and 9 may require fewer engineering controls to be 

included in the SMP.  Similar levels of protection from institutional controls are 

achievable for all alternatives. 

 

9.6.2.3  Reliability and Viability of Institutional and Engineering Controls 

 

All evaluated alternatives have similar Reliability and Viability of Institutional and 

Engineering Controls.  The sloped cap may require more frequent maintenance. The 

institutional controls described in Section 8.1.6 have been used at many sites to provide 

ongoing protection of human health and the environment and therefore are reliable and 

viable.  The reliability and viability of the engineering controls is substantiated by the 

history of effective use of sheet pile barriers, dredging, subaqueous capping and sloped 

shores. The reliability and viability of the engineering controls will be sustained by the 

long-term maintenance and monitoring. 
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9.6.3 Results of Criterion Evaluation  

 

Implementability 

 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Technical 

Feasibility 

Administrative 

Feasibility 

Reliability and 

Viability of 

ICs and ECs 

Evaluation 

Alt. 1 No Action -- -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

High Medium Medium Med-High 

Alt. 3 6 ft High Medium Medium Med-High 

Alt. 4 10 ft High Medium Medium Med-High 

Alt. 5 Cap 

Exten-

sion 

Med-High Medium Med-High Med-High 

Alt. 6 6 ft Med-High Medium Med-High Med-High 

Alt. 7 10 ft Med-High Medium Med-High Med-High 

Alt. 8 Practicable Med-Low Medium Med-High Med-Low 

Alt. 9 Practicable & NW Area Slope Low Low Medium Low 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

Key findings from the evaluation are: 

 

 Technical Feasibility of the Northwest Extension alternatives in the Northwest Off-

Shore Area is less than the Sloped Cap due to construction difficulties associated with 

sheet pile, tie-rod, and deadman installation. 

 

 Technical Feasibility of Alternative 8 is less than the other Northwest Extension 

alternatives due to the more extensive dredging in the Backwater Area and need for 

temporary shoring of the upland to perform the dredge. 

 

 Technical Feasibility of Alternative 9 is less than all other alternatives due to the more 

extensive dredging in the Deepwater Area and lack of ability to control turbidity. 

 

 Administrative Feasibility of all alternatives is similar, with the exception of Alternative 

9 (due to permitting issues resulting from the inability to control turbidity). 

 

 Reliability and viability of institutional controls is similar for all alternatives.  

Alternatives using a sloped cap are ranked lower due to the increased maintenance 

frequency. 

    

 Alternatives 2 through 7 were considered to be similarly implementable.  Alternatives 8 

and 9 would be more difficult to implement due to the significant increase in the scope 

of removal. 

 

9.7 Cost Effectiveness 

 

This criterion evaluates the overall cost effectiveness of an alternative.  An alternative is cost effective 

if its costs are proportional to its overall effectiveness. 

 

  



246 

9.7.1 Overall Effectiveness 

 

Alternatives 2 through 8 provide excellent overall effectiveness by removing a significant 

quantity of contaminated sediments, providing isolation of residual contamination and limiting 

exposures in the Deepwater.  Although Alternative 9 removes more mass, it is not assessed as 

effective since it would likely increase the footprint of contaminated sediments and the potential 

to impact public health and the environment. 

 

9.7.2 Total Project Costs 

 

The following table summarizes the costs for each alternative.  See Appendix M for details of 

the Opinion of Probable Costs. 

 

Opinion of Probable Project Costs 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

PDI and 

Design 

OU-2 Capital 

Costs 

OU-2 30-Year 

NPV O&M 

Costs 

Opinion of 

Probable 

Total Costs 

Alt. 1 No Action -  -  -  -  

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

$9.4MM  $56.4MM  $8.6MM  $74.3MM  

Alt. 3 6 ft $9.4MM  $60.0MM  $8.6MM  $77.9MM  

Alt. 4 10 ft $9.4MM  $60.7MM  $8.6MM  $78.6MM  

Alt. 5 Cap 

Exten-

sion 

$10.0MM  $69.1MM  $9.9MM  $89.0MM  

Alt. 6 6 ft $10.0MM  $72.7MM  $9.9MM  $92.6MM  

Alt. 7 10 ft $10.0MM  $73.4MM  $9.9MM  $93.3MM  

Alt. 8 Practicable $12.9MM  $166.1MM  $5.9MM  $185.0MM  

Alt. 9 Practicable & NW Area Slope $12.9MM  $228.7MM  $3.8MM  $245.4MM  

 

Key findings from the evaluation are: 

 

 Pre-design Investigation (PDI) and Design costs are primarily affected by changes in 

project complexity and extent of area needing investigation. 

 

 OU-2 Capital Costs are higher for alternatives with a Northwest Extension and 

significantly higher for alternatives that require practicable dredge. 

 

 O&M and monitoring costs account for increased costs associated with the bulkhead 

wall and reduced costs for alternatives with practicable dredge areas. 

 

 Compared to Alternatives 2 through 4, total costs are higher for Alternatives 5 through 

7 and significantly higher for Alternatives 8 and 9. 

 

9.7.3 Proportionality of Cost to Overall Effectiveness 

 

The following tables summarize the data for the volume of dredged sediments in each 

alternative.  Post-remedy surface concentrations will be less than Site-specific Cleanup Levels 

due to the placement of clean Subaqueous Backfill or Cap.  Since overall effectiveness is 

similar for all alternatives, attention was given to effectiveness of removal activities. 
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An assessment of the contamination within the total removed sediment for each alternative is 

summarized as follows:   

 

PCB Average Concentration in Removed Sediment 

PCBs 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Nearshore 

(ppm) 

Backwater 

(ppm) 

Deepwater 

(ppm) 

Northwest 

(ppm) 

Alt. 1 No Action         

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

8 6 820 410 

Alt. 3 6 ft 5 6 820 410 

Alt. 4 10 ft 5 6 820 410 

Alt. 5 Cap 

Exten-

sion 

8 6 820 -- 

Alt. 6 6 ft 5 6 820 -- 

Alt. 7 10 ft 5 6 820 -- 

Alt. 8 Practicable 5 20 820 -- 

Alt. 9  Practicable & NW Area Slope 5 20 30 180 

 

Copper Average Concentrations in Removed Sediment 

Cu 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Nearshore 

(ppm) 

Backwater 

(ppm) 

Deepwater 

(ppm) 

Northwest 

(ppm) 

Alt. 1 No Action         

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

360 120 40 260 

Alt. 3 6 ft 600 120 40 260 

Alt. 4 10 ft 620 120 40 260 

Alt. 5 Cap 

Exten-

sion 

360 120 40 -- 

Alt. 6 6 ft 600 120 40 -- 

Alt. 7 10 ft 620 120 40 -- 

Alt. 8 Practicable 620 170 40 -- 

Alt. 9 Practicable & NW Area Slope 620 170 370 60 

 

Cost Per Cubic Yard for Sediments 

 
Near-
shore 

Back-
water 

Deep-
water 

NW 
Area 

Nearshore Backwater Deepwater Northwest 

Alt. 1 No Action         

Alt. 2 Cap 

Dredge 
Local 

Surface 
Areas 

Conc. 
PCB 

Areas 

Sloped 
Cap 

500 $/CY 600 $/CY 1,200 $/CY 6,100 $/CY 

Alt. 3 6 ft 500 $/CY 600 $/CY 1,200 $/CY 6,100 $/CY 

Alt. 4 10 ft 500 $/CY 600 $/CY 1,200 $/CY 6,100 $/CY 

Alt. 5 Cap 

Exten-
sion 

500 $/CY 600 $/CY 1,200 $/CY -- 

Alt. 6 6 ft 500 $/CY 600 $/CY 1,200 $/CY -- 

Alt. 7 10 ft 500 $/CY 600 $/CY 1,200 $/CY -- 

Alt. 8 Practicable 500 $/CY 1,100 $/CY 1,200 $/CY -- 

Alt. 9 Practicable & NW Area Slope 500 $/CY 1,100 $/CY 1,100 $/CY 2,200 $/CY 
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Key findings from the evaluation are: 

 

 In the Nearshore Area, Alternatives 3, 4 and 6 through 9 include a dredge depth that 

exceeds 3 ft.   The PCB concentrations decrease while the cost per cubic yard remains 

the same when compared to Alternatives 2 and 5. Therefore cost effectiveness is less for 

dredge deeper than 3 ft.  Deeper dredge does not increase protectiveness with respect to 

metals.  

 

 In the Deepwater Area, Alternatives 2 through 8 focus dredge in areas with average 

PCB concentrations that are significantly higher than the remainder of the Deepwater.  

The cost per cubic yard is similar throughout the Deepwater, thereby increasing the cost 

effectiveness for Alternatives 2 through 8. For Alternative 9, the cost effectiveness in 

the Deepwater Area is low due to the large volume of removal of lower concentrations. 

 

 Cost Effectiveness in the Northwest Off-Shore Area has limited applicability since no 

dredging occurs for the Northwest Extension and is a pre-requisite for cap installation 

for Northwest Sloped shore alternatives.   

 

 Cost effectiveness in the Backwater Area also has limited applicability since dredging is 

limited to focused removal of surface sediments.  Contamination in the backwater is 

relatively deep and would require significant amounts of unnecessary dredging to reach 

the contamination. 

 

 Unit costs are significantly higher for Alternatives 8 and 9 in the Backwater Area when 

compared to the Nearshore Area because of the need for temporary stability measures 

(e.g. significant temporary sheet pile installations).  Similarly, unit costs are significantly 

higher for Alternatives 2 through 4 and 9 in the Northwest Area when compared to the 

Nearshore Area. 

 

9.7.4 Results of Criterion Evaluation  

 

       Cost Effectiveness 

 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Overall 

Effectiveness 

Reduction 

of Overall 

Cost  

Proportion-

ality 
Evaluation 

Alt. 1 No Action -- -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

High High High High 

Alt. 3 6 ft High High Med-High Med-High 

Alt. 4 10 ft High High Medium Medium 

Alt. 5 Cap 

Exten-

sion 

High Med-High High High 

Alt. 6 6 ft High Med-High Med-High Med-High 

Alt. 7 10 ft High Med-High Medium Medium 

Alt. 8 Practicable High Med-Low Med-Low Med-Low 

Alt. 9 Practicable & NW Area Slope Medium Low Low Low 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

Key findings from the evaluation are: 

 

 Overall effectiveness is assessed as High for Alternatives 2 through 8. 
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 Overall cost is assessed as more desireable for Alternatives 2 through 4 than for 

Alternatives 5 through 9. 

 

 The proportionality assessment generally reflects the reduced effectiveness of dredge 

deeper than three feet in the Nearshore Area that does not enhance the overall 

effectiveness of the alternatives. 

 

 Evaluation of Cost Effectiveness is predominantly based on the results of 

Proportionality. 

 

9.8 Land Use 

 

This criterion evaluates the current, intended and reasonably anticipated future use of the Site and its 

surroundings, as it relates to an alternative when unrestricted levels are not achieved.   

 

9.8.1 Redevelopment 

 

None of the Alternatives provide for permanent development of structures in OU-2 or the 

related OU-1 Northwest Area. 

 

The only area that will be affected by OU-2 activity is the Northwest Area.  Alternatives that 

include the Northwest Extension will create additional upland; however, this area will not be 

developable.   

 

9.8.2 Recreation Access 

 

All alternatives will meet the expected land use of “recreational marine” (e.g., kayak launch) 

for off-shore areas.  In addition, the Village of Hastings-on-Hudson has indicated that docking 

for vessels (up to a 12 ft draft) is a potential future use, which is achievable under each 

alternative.  Alternatives incorporating the Northwest Extension may better achieve this 

potential future use due to increased upland, however, supplemental piles or other structures 

would be required for these alternatives as well as alternatives with a Northwest Sloped Cap. 

 

Recreational use is similar for all alternatives in the Northwest On-Shore and various Off-Shore 

Areas.  These areas would be available for “recreational” use, either marine or terrestrial. 

 

Accessible land is increased by alternatives with the Northwest Extension, since these 

alternatives will create additional upland that would be accessible by the public. 
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A quantitative assessment is summarized as follows:   

 

  Change in Accessible Land including the Northwest Area 

  
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Accessible Land 

for Recreation 

Access 

Alt. 1 No Action -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

-0.49 

Alt. 3 6 ft -0.49 

Alt. 4 10 ft -0.49 

Alt. 5 Cap 

Exten-

sion 

+0.69 

Alt. 6 6 ft +0.69 

Alt. 7 10 ft +0.69 

Alt. 8 Practicable +0.69 

Alt. 9  Practicable & NW Area Slope -0.49 

 

Key findings from the evaluation are: 

 

 Northwest Extension alternatives provide additional land that is accessible for 

recreational use. 

 

 Northwest Sloped Cap alternatives would convert some upland to river. 

 

9.8.3 Results of Criterion Evaluation  

 

Land Use 

 
Near-

shore 

Back-

water 

Deep-

water 

NW 

Area 

Availability for 

Redevelopment 

Availability 

for 

Recreation 

Access 

Evaluation 

Alt. 1 No Action -- -- -- 

Alt. 2 Cap 

Dredge 

Local 

Surface 

Areas 

Conc. 

PCB 

Areas 

Sloped 

Cap 

-- Medium Medium 

Alt. 3 6 ft -- Medium Medium 

Alt. 4 10 ft -- Medium Medium 

Alt. 5 Cap 

Exten-

sion 

-- Medium Medium 

Alt. 6 6 ft -- Medium Medium 

Alt. 7 10 ft -- Medium Medium 

Alt. 8 Practicable -- Medium Medium 

Alt. 9 Practicable & NW Area Slope -- Medium Medium 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

9.9 Community Acceptance 

 

Community acceptance is a modifying consideration and can only be evaluated in this RFS to a limited 

extent at this time.  Typically, these considerations are taken into account by NYSDEC after public 

comment. 
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9.10 Summary of Criteria Evaluation 

 

The following table summarizes the criteria evaluations in the preceding sections.  Any criterion 

evaluation that was assessed as “High” is highlighted in bold.  The last column presents the relative 

comparison for each alternative. 

 

 
THRESHOLD CRITERIA BALANCING CRITERIA 

COMPARATIVE 

BASIS 

Alt 
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E
v
a
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a
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o
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1 Fails RAOs Fails RAOs -- -- -- -- -- -- Fails RAOs 

2 High High Med-High Med-High Med-Hghi Med-High High Medium High 

3 Med-High High Med-High Med-High Med-High Med-High Med-High Medium Med-High 

4 Medium High Med-High Med-High Med-High Med-High Medium Medium Medium 

5 High High Med-High Med-High High Med-High High Medium High 

6 Med-High High Med-High Med-High High Med-High Med-High Medium Med-High 

7 Medium High Med-High Med-High High Med-High Medium Medium Medium 

8 Medium High Med-High Med-High Med-Low Med-Low Med-Low Medium Med-Low 

9 Low Low Low Med-High Low Low Low Medium Low 

No Action does not satisfy Threshold Factors and therefore is not evaluated. 

* Evaluation ranges from Low (undesirable) to High (desirable)  

 

Key findings from the evaluation are: 

 

 Alternative 1 is undesirable because it fails to achieve the RAOs and was not retained. 

 

 Alternative 9 is assessed as undesirable since it results in significant potential for spreading of 

contamination and was not retained. 

 

 Alternatives 2 and 5 were assessed as High because the Overall Protection was assessed as the 

highest compared to all other alternatives and were selected to be considered for the 

recommended remedy.  

 

 Alternatives 3 and 6 are assessed as Medium-High because the balancing criteria were assessed 

somewhat lower than Alternatives 2 and 5, respectively.  This assessment predominantly results 

from the significantly increased dredge and the associated decrease in cost effectiveness 

associated with only a small increase in mass removal which does not significantly improve the 

protectiveness of the remedy.  Subaqueous Backfill and Subaqueous Cap will both be designed 

for the river conditions and post-dredge residual sediments, therefore there is no increase in 

long-term effectiveness of Subaqueous Backfill for Alternatives 3 and 6 compared to 

Alternatives 2 and 5 (respectively).  Additionally, the increased dredge volume would increase 

the short term impacts and therefore result in some preference for either Alternative 2 or 

Alternative 5. These alternatives were not selected to be considered for the recommended 

remedy. 

 

 Alternatives 4 and 7 were assessed lower that Alternatives 3 and 6, respectively.  This 

assessment predominantly results from the increased dredge and the associated decrease in cost 



252 

effectiveness associated with the small increase in mass removal.  Since these alternatives do 

not provide significant additional protection beyond Alternatives 3 and 6, they were not selected 

to be considered for the recommended remedy. 

 

 Alternative 8 was assessed similar or lower than Alternatives 7 for the balancing criteria.  Since 

this alternative does not present any benefits in addition to Alternatives 7, it was not selected to 

be considered for the recommended remedy. 
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10. RECOMMENDED OU-2 REMEDY 

 

 

This chapter further considers Alternatives 2 and 5 which were selected in Section 9.10 in order to 

recommend a remedy for OU-2. 

 

10.1 Reasons for Selection 

 

10.1.1 Threshold Criteria 

 

Alternatives 2 and 5 both satisfy the threshold criteria and achieve the RAOs for OU-2, 

therefore selection of a recommended alternative considers other factors. 

 

10.1.2 Balancing Criteria 

 

Long-term effectiveness and permanence.  Alternative 2 does not require permanent taking of 

the river, however, the taking of the river required for Alternative 5 can be mitigated.  For 

example, modifications to the OU-1 remedy (Chapter 11) offset some of the river area taken by 

Alternative 5. 

 

In considering the permanence of Alternative 2 compared to Alternative 5, a significant factor 

is the durability of the bulkhead wall compared to an engineered slope.  Both can be designed 

for the river conditions and the same design life, and both require ongoing maintenance.  The 

bulkhead wall requires continuous cathodic protection to extend its life while the engineered 

slope will require periodic maintenance.   Bulkhead wall replacement will be required at some 

point in the future and will intrude further into the river.  

 

Another factor in selection of a recommended remedy is the ability in OU-1 to access DNAPL 

in the Northwest Area for recovery after implementation of the remedy, if required.  The extent 

of DNAPL beneath the rip-rap is currently unknown. 

 

 Access for DNAPL recovery for Alternative 2 can be achieved by the use of angled 

borings or, if necessary, construction of a platform.  This approach is somewhat more 

difficult than vertical wells.  

 

 Alternative 5 can achieve access on the new upland created by the Northwest Extension 

to place vertical recovery wells.  Access for installation of wells, O&M and associated 

long-term monitoring is easier from the upland.  Therefore, Alternative 5 is assessed 

higher than Alternative 2 with respect to the ability in OU-1 to recover DNAPL.  

 

Similarly, providing O&M for the groundwater system in the OU-1 Northwest On-shore Area 

will be easier from the Northwest Extension. 

 

Reduction of toxicity, mobility or volume through treatment.  The estimated removal of PCBs 

and metals for Alternative 2 is greater than for Alternative 5 due to the increased excavation 

and dredging inherent in construction of a sloped shore in the Northwest Corner Area.  The 

metals removal is estimated based on the Site-specific Cleanup Levels (background values) and 

will be re-calculated upon completion of the Toxicity Assessment if the values are changed. 

However, for all alternatives, the PCB mass removed is less than 40% of the total estimated 

PCB mass within OU-2.  The difference in PCB mass removal between Alternative 2 and 
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Alternative 5 is only 8% of the total OU-2 mass and therefore, mass removal does not provide 

a definitive distinguishing factor. 

 

The increased dredge volume for Alternative 2 would increase the short term impacts and 

therefore results in some preference for Alternative 5. 

 

Implementability.  Alternative 2 and Alternative 5 are both implementable; each has specific 

issues that will be resolved during Remedial Design.  The implementability assessment does not 

provide a definitive distinguishing factor.  

 

Cost effectiveness. Alternative 2 and Alternative 5 are both cost effective.  The cost 

effectiveness assessment does not provide a definitive distinguishing factor. 

 

Land use.  Alternative 2 and Alternative 5 both will permit recreational use for OU-2.  The 

land use assessment does not provide a definitive distinguishing factor. 

 

The following table summarizes the comparisons. 

 
Comparison of Potential Site Remedies 

 

 
 

Alt 2 Alt 5 

 
Nearshore Cap/Dredge 

 
Backwater Dredge Localized Surface Areas 

 
Deepwater Dredge Conc. PCB Areas 

 
NW Area Sloped Cap Extension 

 

Overall Protection of Human Health and the Environment High High 

 

Compliance with NYS SCGs High High 

 

Long-Term Effectiveness and Permanence Med-High Med-High 

 

 OU-1 Integration Medium High 

 

Reduction of Toxicity, Mobility, or Volume Med-High Med-High 

 

Short Term Impacts and Effectiveness Med-High High 

 

Implementability Med-High Med-High 

 

Cost Effectiveness High High 

 

Land Use Medium Medium 

* Evaluation ranges from Low (undesirable) to High (desirable) 

Based on the above review of the assessments completed in previous chapters, Alternatives 2 

and 5 rank very similar.  However, the reduced short term impacst and the easier access for 

groundwater and DNAPL O&M that is part of the OU-1 remedy provides the basis for 

recommending Alternative 5 as the OU-2 remedy. 

 

In our opinion, Alternative 5 provides the best balance of implementability, short term 

effectiveness, long-term effectiveness and cost effectiveness of the alternatives under 

consideration. It would achieve the remediation goals for the Site by removing those sediments 

that contain the highest levels of contamination and which can be removed without creating 

additional impacts and isolate remaining sediments. All of the sediment removal alternatives 

under consideration would be difficult to implement. The most difficult sediment to remove is 

furthest from shore, where dredging without containment would be the only feasible option. 

Dredging without containment poses the greatest risk of short term release of contaminants and 
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migration beyond the existing Site boundaries. Generally, the highest levels of sediment 

contamination are located closest to shore, where containment structures and energy barriers 

are more feasible and short term impacts to the river can be minimized. By removing these 

areas of higher contamination, Alternative 5 would remove a significant portion of Site 

contamination without creating an undue risk of short term release and would also facilitate any 

OU-1 related installation and O&M required for both DNAPL and groundwater. 

 

10.2 Evaluate Institutional/Engineering Controls 

 

Implementation of Alternative 5 requires construction in portions of the river that are owned by Atlantic 

Richfield and in portions of the river that are not owned by Atlantic Richfield.  Where required, 

Atlantic Richfield will acquire access agreements, easements and permits to complete the Remedial 

Design.  Figure 25 presents the current property lines for the Site.  A Site Management Plan will be 

developed as part of the Remedial Design.  The SMP would include the identification and restriction of 

activities in areas of contaminated sediment that could create potential exposures to humans or 

ecological receptors or potentially impact the environment. 

 

A detailed Operations and Maintenance (O&M) Plan will be developed as part of Remedial Design that 

is specific to the elements of the OU-2 remedy.  Previous sections generally describe the long-term 

monitoring for Alternative 5 and specific details will be incorporated into the O&M Plan.   

 

10.3 Effect of a Toxicity Assessment on Remedy Recommendation 

 

As previously discussed, a Toxicity Assessment will be performed to determine the Site-specific 

Cleanup Levels for metals (see Appendix E).  While the outcome of this assessment is as yet unknown, 

the potential impact on the remedy selection has been considered.  

 

The driver for the extent of dredging in the Northwest Off-Shore Area is primarily PCBs; therefore the 

impact of modified Site-specific Cleanup Levels for metals on the comparison of alternatives and a 

subsequent recommendation is minor.  Alternatives 2 through 8 incorporate the same activities in the 

Backwater and Deepwater Areas, therefore the impact on the comparison of alternatives and a 

subsequent recommendation is also minor. 

 

In the Nearshore Area, metals are generally the driver for the areal extent of dredging and for the depth 

up to the depth designated in each alternative.  Therefore, changes in the Site-specific Cleanup Levels 

for metals would change the extent of dredging for a given alternatives. The effect of those changes on 

the various parameters (duration, cost, % removal) would be similar for Alternatives 2 through 9, since 

the parameters for each alternative are generally proportional to the dredge quantity.  

 

Therefore, although the calculations of the specific values (e.g. dredge volume) for comparisons of the 

alternatives may change, the recommendation of a remedy is not affected.  
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11. OU-1 ROD EVALUATION 

 

 

Following completion of a feasibility study and Proposed Remedial Action Plan (PRAP), a ROD 

specific to OU-1 (see Figure 27 for OU-1 Site plan) was issued by NYSDEC in 2003 while 

investigations and feasibility studies continued for OU-2.  This RFS, in addition to evaluating 

alternatives for OU-2, addresses integration of the recommended OU-2 remedy with the current OU-1 

remedy through proposed modifications to the OU-1 ROD.  This chapter evaluates OU-1 and provides 

the information necessary to modify the ROD to allow an integrated and constructible Site remedy  (see 

Figure 28 for plan and Figures 29A and 29B for sections of the OU-1 ROD-based remedy). 

 

New data and other information for the Site, accumulated since the OU-1 ROD was issued, 

significantly affects design and construction decisions that are fundamental to the OU-1 remedy.  In 

addition, previous analyses and documents (including the OU-1 ROD) have considered OU-2 and OU-1 

independently; however, the OU-2 and OU-1 conditions in the vicinity of the shore require integrated 

design and construction. 

 

The following sections present: 

 

 A synopsis of the constructability issues identified in the OU-1 50% design process and their 

relationship to the recommended OU-2 remedy. 

 

 A summary of new data and other information accumulated since the OU-1 ROD that represent 

changed conditions which affect implementation or effectiveness of the current OU-1 remedy. 

 

 A supplementary assessment of remedial technology selection for OU-1 soils, shoreline 

protection, groundwater, DNAPL, and light non-aqueous phase liquid (LNAPL). 

 

 A description of proposed modifications to the OU-1 remedy (see Figure 30 for plan and 

Figures 31A and 31B for sections) derived from the assessment of the changed conditions. 

 

 A comparison of the proposed modified remedy to the OU-1 ROD. 

 

11.1 OU-1 50% Design – Constructability Issues 

 

11.1.1 Bulkhead Wall 

 

The primary issue identified in the OU-1 50% Design in attempting to implement the OU-1 

ROD was related to the bulkhead wall.  The new geotechnical data and analysis indicated that 

the bulkhead wall shown in the OU-1 ROD was not constructible without significant 

modifications that were dependent upon and impacted OU-2.  The bulkhead wall design 

presented in the OU-1 50% Design Report (Haley & Aldrich and ENSR, 2006) was therefore 

based on assumptions regarding the off-shore remedy which was yet to be selected for OU-2.  

Final design of OU-1 could not be completed until it was integrated with the OU-2 remedy.  As 

noted in the OU-1 50% Design Report, “Since a remedy has not yet been selected for OU-2 and 

the design of the bulkhead is dependent in part on the design of OU-2, assumptions about OU-2 

were made as a “Basis of Design” (BOD).  When a remedy is selected for OU-2, the design of 

the bulkhead and related elements for OU-1 could require modification.” 
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From the OU-1 perspective, to achieve the required slope stability factor of safety in the 

Northwest Area, a bulkhead required, at a minimum, either a significant berm in the river or 

the ability to drive the sheet piles into the Basal Sand; however, driving the sheet piles along 

the shore to the Basal Sand was precluded because of the presence of the DNAPL at the Fill / 

Marine Silt interface along the shore in the Northwest Area and the potential for DNAPL 

migration to the Basal Sand caused by sheeting installation.  A bulkhead wall at the OU-2/OU-1 

Boundary with a berm would impact the river more than other feasible options.   

 

Issues considered in the OU-1 50% Design related to the bulkhead wall as specified in the OU-

1 ROD included:   

 

 If the bulkhead is driven to the Basal Sand to achieve stability at the location specified in 

the ROD, the sheeting would penetrate areas where DNAPL is present, risking DNAPL 

migration down to the Basal Sand Aquifer.  Construction of an extensive berm in the 

river would be required for shallower sheeting. 

 

 The rip-rap that is present along the shore in the Northwest Area would impede the 

driving of sheeting.  Complete clearing of rip-rap and other obstructions to the required 

depths to accommodate sheet pile installation would be difficult to achieve and would 

adversely affect upland stability.  Driving the sheeting without complete clearing of the 

rip-rap and other obstructions would adversely affect the implementability, ability for 

sheet pile joints to remain intact, cost and construction duration.  

 

 Berm construction would have to be completed in time-sequenced stages to account for 

underwater consolidation, thereby significantly slowing the process and lengthening the 

overall construction schedule.  If wick drains were to be used to accelerate the 

consolidation process, the process of installing the wick drains could introduce potentially 

contaminated porewater to the river. 

 

 Placing the berm on top of existing very soft river bottom sediments without mobilizing 

contaminated sediments would also significantly increase the complexity of remedial 

design and construction. 

 

In addition to constructability issues, the area affected by tie-rods and deadmen required for the 

bulkhead significantly impacted the developable area in OU-1. 

 

11.1.2 Groundwater Containment 

 

The second constructability issue is related to groundwater in the Northwest Area.  The 

approach described in the OU-1 ROD was intended to isolate potentially PCB-impacted 

groundwater in the Northwest Area and prevent migration into the Hudson River.  The 

construction requirements for a bulkhead (tie-rods spaced every 6-8 ft extending inland from 

the bulkhead and penetrating the upgradient barrier, which also functioned as the deadman), the 

presence of numerous piles throughout the area, design requirements for Site drainage and 

provision for upwelling of groundwater within the containment resulted in numerous 

penetrations of the proposed soil cap and upgradient barrier.  In addition, maintenance of a 

robust connection between the horizontal barrier (cap) and the bulkhead and upgradient barrier 

would be difficult to assure.  The development of the DNAPL IRM in 2010 and 2011 has added 

several recovery wells in the Northwest Area and the potential for future recovery well 

penetrations in the soil cap further complicates attempts to isolate groundwater. 
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The net result was that good engineering practice required an assumption that the isolation 

system would not completely isolate groundwater over the life of the remedy and therefore a 

groundwater capture and treatment approach would also be necessary, regardless of the 

system’s intent to isolate the area. 

 

New groundwater sampling data from sampling events in 2008 indicates that the potential for 

dissolved PCBs to be found in groundwater is associated with the presence of DNAPL.  

Analytical data indicate that PCB concentrations in the filtered and unfiltered groundwater 

samples collected from Site wells were non-detect except at MW-10 which is in vicinity of the 

DNAPL.  Based on the 2008 groundwater analytical data, groundwater impacted by PCBs is 

limited to the vicinity of the DNAPL.  The figure provided in Appendix O includes 2008 

groundwater analytical data results for PCBs at the Site.  New information delineating the 

extent of the DNAPL indicates the DNAPL is limited to a smaller area than previously 

expected (see Figure 5) which is within the currently defined Northwest On-shore Area.  The 

Northwest On-shore Area will be excavated and backfilled with clean fill to a depth of 9 feet, 

further reducing contact of near-surface groundwater with Site COCs.   

 

11.2 OU-1 Changed Conditions 

 

The new information that indicates changed conditions which necessitates a fundamental change to the 

remedy described in the OU-1 ROD includes: 

 

 data regarding the extent of DNAPL and PCB Material which modifies the effectiveness, 

installation methods and environmental impacts of a sheet pile barrier along the shore in the 

Northwest Area, 

 

 information regarding the geotechnical conditions, 

 

 design considerations related to groundwater, 

 

 constructability and long-term maintenance difficulties in effectively implementing the 

groundwater containment system within the Northwest Area, and 

 

 revisions in our understanding of the distribution of PCB mass. When the mass represented by 

DNAPL and other PCB Material is estimated, the relative effectiveness of the current OU-1 

remedy, and the resulting revision to the percentage of PCB mass removed for all OU-1 

alternatives is significantly less than that estimated in the OU-1 FS. 

 

 The current estimated construction cost for OU-1 as proposed in this RFS is $155.3 million (see 

Appendix N) and is more than 280% of the $55.2 million stated in the ROD.  This increase is 

due to many factors including constructability issues resulting from new data regarding the 

DNAPL, improved understanding of the geotechnical conditions which require more complex 

shore protection systems, and increased quantity of PCB-contaminated soil excavation. 

 

11.3 ROD Overview – Technology Selection Considerations 
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11.3.1 Technology Selection for Soils 

 

11.3.1.1  Excavation and Disposal 

 

The OU-1 FS and PRAP concluded that total excavation of all COCs is not feasible 

due to Site conditions.  However, excavation to remove surface soils and the most 

accessible subsurface soils that exceed the PCB and lead cleanup levels was defined in 

the ROD.  On-shore, the reuse of soils with PCB concentrations less than 10 ppm is 

permitted under specified conditions. 

 

Targeted excavation is specified in the OU-1 ROD, which states that the selected 

remedy “…will achieve the remediation goals for the Site by removing the most 

accessible PCB-contaminated fill and highest levels of lead contaminated fill from the 

Site and managing the remainder …”(NYSDEC, 2003). 

 

Targeted excavation and off-Site disposal followed by backfilling to achieve design 

final grades has been retained as part of the OU-1 remedy.  The extent of excavation 

is revised as defined by the current dataset (see Figure 32) with a net increase in 

volume and areal extent.   

    

11.3.1.2  Soil Cap and Barrier System  

 

Capping using a soil cover or other barriers is an isolation technology.  Much of the 

Site is already capped with the concrete floors of the buildings and asphalt parking 

lots and roadways.   

 

To distinguish the soil cover (or alternative cover materials) to be implemented as 

part of the OU-1 remedy from either the previously proposed barriers or the 

subaqueous sediment caps proposed for OU-2, the on-shore  barrier is referred to as 

“cover,” and not as “cap.” In its 6 NYCRR Part 375 regulations, NYSDEC indicates 

that site covers are appropriate engineering controls to mitigate potential human 

health exposures at sites with residually contaminated soil.  The Site cover includes a 

minimum 2 ft clean soil cover (or equally protective concrete, asphalt or other 

surface) and a demarcation layer to denote the boundary between clean cover 

materials and underlying Site soils to reduce the potential for unintended dermal 

contact with the underlying Site soils. 

 

In the OU-1 ROD, a specific on-shore soil cover system was described for the 

Northwest Area.  The purpose was to reduce infiltration (groundwater recharge) to 

the unexcavated, impacted soils below the barrier. 

 

A soil cover with demarcation layer has been retained as part of the OU-1 remedy. 

 

11.3.2 Shore Protection 

 

Shore protection is required to prevent erosion of the shore due to the action of wind, waves 

and other forces and consequently to prevent either damage to on-shore development or 

potential exposure and subsequent transport of contaminated soils.   
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In the OU-1 ROD, the shore protection approach is limited to a steel bulkhead system.  Shore 

protection has been retained as an approach with modified technologies as described below. 

 

11.3.3 Technology Selection for Groundwater 

 

11.3.3.1  Containment 

 

In the OU-1 ROD, groundwater technologies were limited to containment.  However, 

the OU-1 50% Design determined that provision for recovery and treatment was 

required, as discussed in Section 11.1.2. 

 

11.3.3.2  Treatment 

 

In-situ treatment technologies for groundwater remediation include chemical 

oxidation, natural attenuation (including intrinsic biodegradation), in-situ filter media 

and adsorption/disposal. 

 

 Chemical Oxidation – There are significant uncertainties associated with the 

implementation of in-situ oxidation technologies at the Site. Bench-scale studies 

have been conducted with fill from the Site indicating that very large amounts 

of ozone were necessary to degrade PCBs in the fill. Specifically, fill 

heterogeneity and organic content will limit the effective implementation of 

this technology. In-situ oxidation was not retained for further consideration in 

the OU-1 Feasibility Study (Shaw and Haley & Aldrich, 2002a) and is not 

considered further. 

 

 In-situ Biodegradation – Biodegradation of PCBs has been studied under 

aerobic and anaerobic conditions using naturally occurring microbial 

populations, selected cultures, isolated strains, and white rot fungi. The less 

chlorinated Aroclors (Aroclor-1016, Aroclor-1221) may be biodegraded under 

aerobic conditions. The more highly chlorinated PCBs (Aroclor-1254, 

Aroclor-1260) may undergo reductive dechlorination under anaerobic 

conditions, and subsequently biodegraded aerobically. Isolated strains of 

bacteria are capable of degrading specific PCB congeners in the laboratory. 

However, biodegradation of highly chlorinated PCBs has not been successfully 

implemented outside of the laboratory. Therefore, biological treatment 

technologies will not be retained for further consideration. 

 

 In-situ filter media – Particulate mobility may be reduced by use of a media 

(sand, etc.) or by geotextiles.  This is a proven technology applied in a variety 

of settings from well packs to general construction.  Therefore, filter media 

was retained for further consideration as an effective and implementable 

remedial technology. 

 

 Adsorption/disposal - A system designed to recover groundwater and circulate 

the groundwater through canisters or beds of adsorbent media is a proven, 

effective and implementable technology and was retained. 

 

Based on this evaluation, in-situ filter media and adsorption/disposal technologies have 

been retained for further consideration as an effective and implementable remedial 
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technology.  Implementation of these technologies does not require an upgradient 

barrier.  

 

11.3.4 Technology Selection for DNAPL 

 

Technologies for DNAPL were not described in the OU-1 ROD.  An IRM is currently being 

implemented to remove recoverable DNAPL.  The time required to remove recoverable 

DNAPL has not been determined. 

 

The current IRM approach consists of multiple vertical and angled wells in the Northwest On-

shore Area to allow recovery of DNAPL at the Fill / Marine Silt interface.   The wells are 

installed from the upland, including angled wells at an inclination that allows access beneath the 

rip-rap in OU-2.  Implementation of the OU-1 remedy will destroy these wells during 

excavation. 

 

If recoverable DNAPL is present after the OU-2 and OU-1 remedies are implemented, wells 

can be re-installed and recovery resumed.  This technology was retained. 

 

11.3.5 Technology Selection for LNAPL 

 

Weekly operations, maintenance and monitoring (O&M) activities for the LNAPL IRM have 

been conducted at the Site since July 1998.  Recoverable LNAPL is limited to a small area near 

former Building 57.  Recovery of LNAPL by the current IRM will continue until the 

commencement of construction.    

 

Since the LNAPL is co-located with soils impacted by PCBs, excavations to remove PCB-

contaminated soil in this area will also remove residual LNAPL.  Excavation monitoring for 

LNAPL in the vicinity of Building 57 will be included in the Remedial Design to confirm the 

removal of the LNAPL. 

 

11.4 OU-1 Modifications 

 

OU-1 ROD modifications are proposed that address the significant new information.  These 

modifications are functionally equivalent in meeting the OU-1 RAOs, and include: 

 

 modifications in the Northwest On-Shore Area to integrate the recommended OU-2 remedy 

developed in this RFS, 

 modification of the groundwater control system to improve implementability and effectiveness, 

as well as integrate the OU-2 recommended remedy, 

 modifications of the excavation extents to address additional data and the Building 52 outfalls, 

and 

 modifications to shore areas outside of the Northwest On-Shore Area which will provide 

mitigation to offset river impacts for taking of the river by the OU-2 recommended remedy and 

to better incorporate NYSDEC guidance on shoreline softening. 
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11.4.1 Shore Protection in the Northwest Area 

 

Due to the interaction between the Northwest Off-Shore Area and the Northwest On-Shore 

Area, shore protection for the Northwest Area will be selected by the NYSDEC and 

implemented as part of the OU-2 remedy.  

 

11.4.2 Shore Protection Outside of the Northwest Area 

 

The post-remediation shore protection measures need to prevent erosion and mitigate the 

migration of soil particulates from the upland, including from historic fill.  These requirements 

can be achieved by either an engineered slope or a bulkhead wall. 

 

The relative desirability of various shore protection measures based on their benefit to local 

aquatic and terrestrial habitats is provided by NYSDEC in Guidance Document AHP-01 

(NYSDEC, 2007).  The document lists the four general types of shore protection, in descending 

order of preference for habitat benefits as: 

 

 Non-structural – original or rebuilt natural shore. (more preferred) 

 

 Bioengineering – using vegetative materials for protection elements. 

 

 Biotechnical – hard protection (walls, armor stone, etc) with habitat-enhancing 

elements. 

 

 Technical – vertical or sloped hard protection. (less preferred) 

 

 Use of a sloped surface protected by armor stone or rip-rap is preferable to a vertical wall 

because it affords greater opportunity for incorporation of biotechnical features.  Since a sloped 

shore can achieve structural and containment purposes, a vertical barrier (steel bulkhead wall) 

is not required. Selections for the specific biotechnical measures for the shore will be made 

during the Remedial Design. 

 

With respect to the OU-2 remedy selection, the sloped shore does not reduce access to 

sediments for dredging.  Biotechnical enhancements do not contribute to and will not impede 

the remediation actions being taken and will not affect the level of shore protection provided. 

  

The Remedial Design will be engineered in accordance with accepted practice to withstand 

design conditions for wind, wave, ice, and tidal action.   

 

Modifications to the shore would also affect the constructible and accessible land for OU-1 in 

addition to the modifications in the Northwest Area (see Figure 32). 

 

Approximately 52,000 CY of soil material has been estimated to be removed for the creation of 

a sloped shore. This material may be reused on-Site as part of OU-1 fill or disposed of at an 

approved off-Site facility. 

 

11.4.3 Building 52 Outfalls 

 

New information confirmed that outfalls originating at Building 52 are still present.  Since 

Building 52 was the location of the manufacturing process that utilized PCBs during World War 
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II, these outfalls may have contributed to transport of PCBs or PCB Material during 

manufacturing.  To prevent these outfalls from acting as a future source for post-remedy 

recontamination, the portions of the outfalls removed or decommissioned and associated pipe 

bedding not otherwise removed by soil excavation will be sampled and, if required, removed. 

 

11.4.4 Groundwater Control 

 

The new understanding of the extent of DNAPL in the Northwest On-Shore Area and additional 

groundwater data revealed the need for an alternate approach to prevent discharge of 

contaminated groundwater to the river.  Concerns related to the proposed containment of the 

entire groundwater flux in the Northwest On-Shore Area as presented in the OU-1 ROD include 

constructability and long-term operations effectiveness. 

 

11.4.4.1  Mobility of Contaminants in Groundwater 

 

Analysis for PCBs in filtered groundwater samples collected from wells in the 

Northwest Area detected total PCBs at very low or “non detect” concentrations.  

Analysis for PCBs in unfiltered groundwater samples did not show concentrations 

typically indicative of a source area with the exception of MW-12 (where DNAPL is 

present).  In addition, under existing conditions, the transport modeling completed 

during the RI (IT Corporation, 2000) indicates that PCBs have exhibited limited 

mobility in groundwater at the Site. The high organic carbon content of the Fill 

(approximately 10%) and the very low aqueous solubility of the PCB-congener 

present (Aroclor 1262) inhibit partitioning into the dissolved phase. 

 

Outside the Northwest Area, the potential for migration of PCBs in groundwater, if 

present, is low for dissolved phase PCBs because of the lower concentrations present 

in soil and absence of DNAPL or other PCB Material. 

 

11.4.4.2  Groundwater Approach 

 

In the Northwest Area the proposed modified approach for groundwater is to address 

the potentially contaminated groundwater rather than attempting to isolate the area 

from groundwater.  

 

The cover system in the Northwest Area will use material selection and geometry to 

promote stormwater run-off and reduce recharge to the local groundwater.  

Groundwater passing through the Northwest Area will be diverted by the lower 

permeability shore protection system, captured and treated with renewable adsorbent 

media.  Adsorbent treatment media will be disposed of at the proper off-Site 

facilities.  Therefore, attempting to completely eliminate surface recharge and 

diverting the upgradient groundwater is not required. 

 

Along the entire shore, the potential for particulate migration from OU-1 into the 

river would be mitigated either by a bulkhead wall (in the Northwest Area) or by a 

layer of filter media integrated into a sloped shore system.   
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11.4.4.3  Excavation 

 

New soil data developed during the OU-1 50% Design indicate that the “outlier” 

areas defined in the ROD are not actually outliers but are related to either Site 

features (e.g., Building 52 outfalls) or past operations.  The resulting areal extent and 

volume of excavation is currently anticipated to be significantly greater than what was 

identified in the ROD.  Excavation in these previously-defined outlier areas will be 

performed consistent with other excavations.  See Figure 32, OU-1 Excavation Plan 

for the current understanding of potential excavation areas. 

 

Subsurface soil removal with PCB concentrations in excess of 10 ppm is proposed to 

be limited to 9 ft. 

 

This OU-1 modification addresses the new data and new analysis of OU-1 conditions 

which include: new data regarding the extent of DNAPL and PCB Material, new 

understanding of the distribution of PCB mass, and new design considerations related 

to groundwater.  This modification is consistent with our understanding of the 

objectives of the OU-1 ROD, addresses the changed conditions and provides an 

equally protective remedy as discussed below: 

 

1. Objective: to the extent feasible, excavate PCB impacted soil up to 12 ft in areas 

where exceedances could be completely removed or are isolated.  

 

a. Based on the new data obtained since the ROD and further analysis, 

exceedances deeper than 12 ft are present  and are inferred to exist in 

contiguous portion of the site near the Northwest Corner that were 

previously shown as limited in depth or thought to be isolated. In 

particular, the delineation of PCB Material including DNAPL is generally 

much deeper than 12 ft and additional investigation has indicated a larger 

footprint of impacted soil than previously known. 

b. Excavation to 12 feet therefore will not remove all impacted soil within 

these areas. Since, for contiguous areas where contamination is known or 

expected to persist deeper than excavation limits (i.e.12 ft), the ROD 

concluded that feasible excavation should be limited to 9 ft, excavation to 9 

feet is the primary basis for the proposed modification.  

c. Additionally, based on the new data, the incremental mass removal attained 

by excavation to 12 ft is relatively very small.  Specifically, the large 

majority of mass is associated with the DNAPL which is significantly 

deeper than 12 feet below grade.   

d. This RFS provides for reduction of total mass through the continuation of 

the new DNAPL IRM in addition to the excavation to 9 feet.   

 

2. Objective: to the extent feasible, minimize the portions of the Site that would 

require restrictions on development (specifically, requiring foundations that will 

need to be installed to Basal Sand or rock).   

 

a. For areas where excavation to 12 ft would remove all the known PCB 

exceedances, the ROD specifies removal.   

b. Based on the new data obtained since the ROD and further analysis as 

described above, excavation to 12 feet in these areas would not likely 
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remove all the PCB exceedances, therefore there would still be restrictions 

on development. 

c. Therefore, there is no apparent benefit (i.e. reducing the area of restricting 

deep foundations) if excavation increases from 9 to 12 feet. Additionally, 

short term impacts would not justify the additional excavation.  

 

3. Objective: prevent, to the extent possible, migration of contaminants to 

groundwater and surface water.  

 

a. DNAPL, which is located below the water table, presents a potential 

localized impact from dissolved PCBs in groundwater which is addressed 

by engineering controls other than excavation.  Potential groundwater 

impacts from PCBs in soils not containing DNAPL are inhibited by the 

combination of an extremely low solubility of the site-specific PCBs and the 

existing site conditions (e.g. soil carbon content) that bind up dissolved 

PCBs. 

b. In the recommended remedy, migration of subsurface particulates is 

controlled by either a bulkhead (the Northwest Extension) or an engineered 

slope along the shore.  With these engineering controls, removal of soils 

below the water table do not provide any increase in overall protection of 

groundwater and surface water. 

c. The potential risk to groundwater is addressed by incorporating 

groundwater cut-off, recovery, and treatment in the northwest portion of 

the Site where, subsequent to the ROD, the DNAPL has been delineated. 
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11.4.5 DNAPL 

 

11.4.5.1  Physical properties 

 

The physical and chemical properties of the DNAPL at the Site are unique relative to 

other frequently encountered DNAPLs on other projects (e.g., TCE).  The DNAPL 

is highly viscous and is present in a range of viscosities.  All forms of PCB Material 

including DNAPL were observed to adhere readily to both porous media (e.g. cloth, 

PPE) and non-porous media (steel and glass).  The depth of the DNAPL, its close 

proximity to the Hudson River, the likely presence of DNAPL beneath the rip-rap 

located in the Northwest Area, and the presence of other forms of PCB Material are 

all factors in the remedial technology selection process. 

 

11.4.5.2  Technologies 

 

An IRM has been implemented for removal of recoverable DNAPL.  Development of 

the IRM considered: 

 

 In-situ destruction of the DNAPL by a thermal technology is not feasible due to 

the heat sink created by the Hudson River.  The temperature required for 

complete in-situ destruction would require complete dewatering of the interval 

to be treated.  Therefore, in-situ destruction was not retained for further 

consideration.   

 

 In-situ oxidation of the DNAPL is also not feasible since it would require a 

concentrated network of injection points.  The installation of such a network is 

constrained by the rip-rap and other Site features.  In addition, any incomplete 

oxidation potentially could leave residual concentrations of dioxin, which is an 

unacceptable result, and therefore was not retained for further consideration. 

 

 Targeted on-shore excavation for DNAPL was not retained for further 

consideration since the DNAPL is present deeper than the limit of excavation 

identified in the OU-1 ROD. 

 

 Removal of DNAPL by pumping has been demonstrated and is currently being 

implemented as an IRM.  The viscosity of the DNAPL will limit the total 

recoverable quantity.  The IRM DNAPL recovery wells will be removed by the 

excavation activities, but can be re-installed after backfilling if recoverable 

DNAPL remains.  If the shore in the Northwest Area is the Northwest 

Extension, well installation would be predominantly vertical since the new 

upland would provide easier access.  If the shore in the Northwest Area is 

sloped, well installation would be predominantly angled or a platform could be 

extended over the slope to allow installation of vertical wells. 

 

11.5 Comparison to OU-1 ROD 

 

Following are the elements of the selected remedy as stated in the OU-1 ROD and the currently 

proposed modifications: 
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a. “1. A remedial design program to verify the components of the conceptual design and provide 

the details necessary for the construction, operation and maintenance, and monitoring of the 

remedial program. Any uncertainties identified during the RI/FS will be resolved.”  

 

No change. 

  

b. “2. Excavation of surface soil (0-12 inches) containing greater than 1 ppm PCB and subsurface 

soil containing greater than 10 ppm PCB, to a maximum depth of 9 feet in the Northwest 

Corner of the Site and along the Northern Shoreline” 

 

No Change. 

 

c. “3. Containment of the Northwest Corner and Northern Shoreline areas using a slurry wall 

along the upland perimeters, watertight sheet piles along the shoreline, and an impermeable 

cap consistent with 6NYCRR Part 360. This containment system will be monitored and 

maintained to ensure that groundwater does not build up within it.” 

 

Containment is still an element of all OU-1 alternatives. For DNAPL, which does not have a 

specific RAO, recovery is added and containment of the DNAPL is achieved by various 

combinations of vertical barriers and the naturally occurring contours of the Marine Silt.  The 

OU-1 ROD approach to contain all groundwater in the Northwest On-Shore Area (formerly 

referred to as the Northwest Corner and portions of the Northern Shoreline Area) has been 

replaced by treatment of groundwater to remove PCBs.  Protection of the Hudson River is 

achieved without the need for an upgradient barrier or a landfill type cover system. 

 

Proposed Change: 

 

“3. Containment of remaining deep contamination in the Northwest Area using a shoreline 

barrier, groundwater treatment, and cover system that promotes efficient stormwater runoff.” 

 

d. “4. Excavation of all soil located outside of the Northwest Corner and Northern Shoreline 

containment areas that contains greater than 1 ppm PCB in surface soil and 10 ppm PCB in 

subsurface soil, to a maximum of 12 feet. Subsurface soils containing greater than 10 ppm PCB 

at depths exceeding 12 feet will either be excavated by alternative methods, or contained within 

a watertight sheet pile structure and capped.” 

 

In comments regarding the MFS issued by NYSDEC this requirement was clarified to indicate 

that soils located beneath any building that remains do not require excavation (Comment No. 

13, NYSDEC, 2009). 

 

Surface soils exceeding 1 ppm will be excavated in designated areas, therefore no change is 

proposed.  Subsurface soil removal of soil in excess of 10 ppm PCB is proposed to be limited 

to 9 ft.  

 

Proposed Change: 

 

“4. Outside of the Northwest On-Shore Area, excavation of soil that contains greater than 1 

ppm PCB in surface soil and 10 ppm PCB in subsurface soil to a maximum depth of 9 ft.”  
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e. “5. Excavation of shallow soils from the southern portion of the Site that are identified as lead 

“hot-spots”. These correspond to lead levels between 2160 ppm and 43,200 ppm.” 

 

No Change. 

 

f. “6. Reconstruction of the shoreline bulkhead using a watertight steel sheet pile system with 

cathodic protection and hydraulic relief” 

 

In the Northwest Area a treated joint bulkhead wall with hydraulic relief will be installed off-

shore as part of the OU-2 remedy.  The remaining shore will be re-graded to a geotechnically 

stable slope.  The slope will be protected from river forces by engineered rip-rap and potential 

migration of soil particulates into the river will be mitigated by filter media placed beneath the 

rip-rap.   

 

Proposed change:   

 

“6.  Installation of an engineered slope along the Site shore outside the Northwest Area.  

During design, sheeting may be determined to be required in local areas.” 

 

g. “7. Installation of a 2-foot thick soil barrier system over the areas of the Site not covered by the 

impermeable cap associated with containment areas” 

 

Clarify as follows: 

 

“7. Installation of a 2-ft thick soil barrier system over the areas of the Site not covered by an 

existing building or other appropriate barrier material (asphalt, concrete, etc.).” 

 

h. “8. Development of a site management plans to: a) address residual contaminated soils that 

may be excavated from the Site during future redevelopment. The plan will require soil 

characterization, proper health and safety procedures for subsurface excavation and, where 

applicable, disposal/reuse in accordance with NYSDEC regulations; and b) evaluate the 

potential for vapor intrusion for any buildings developed on the Site, including provisions for 

mitigating any impacts identified. 

 

No Change. 

 

i. “9. Annual certification by the property owner, prepared and submitted by a professional 

engineer or environmental professional acceptable to the NYSDEC, that the institutional 

controls and engineering controls put in place pursuant to the Record of Decision are 

unchanged from the previous certification and nothing has occurred that would impair the 

ability of the controls to protect public health and the environment or that constitutes a failure 

to comply with any operation, maintenance or monitoring requirement, or the site management 

plan.” 

 

NYSDEC has indicated that “annual” may be revised to “annual or alternate frequency as 

approved by NYSDEC”. 

 

j. “10. An institutional control, in such form as the NYSDEC may approve, that: 

 

a) Requires compliance with the approved site management plan, 
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b) Prohibits the construction of pile-supported structures over the Northwest Corner and 

Northern Shoreline containment areas, 

c)  Prevents the use of groundwater as a source of potable or process water without 

necessary water quality treatment as determined by the NYSDEC and Westchester 

County Department of Health 

d)  Requires the property owner to prepare and submit an annual certification to the 

NYSDEC” 

 

No Change. 

 

During the Remedial Design, a Site plan indicating the areas which are excluded from future 

piles of other penetrations will be developed (see Figure 33 for non-buildable areas). 

 

NYSDEC has indicated that “annual” may be revised to “annual or alternate frequency as 

approved by NYSDEC”. 

 

k. “11. Since the remedy results in untreated hazardous waste remaining at the Site, a long term 

monitoring program will be instituted. This program will include water quality and water 

elevation monitoring inside the containment area to ensure that the impermeable cap, slurry 

wall, and sealed sheet piles are properly functioning and that excessive groundwater does not 

accumulate. This will also include groundwater monitoring outside the containment area to 

demonstrate the effectiveness of the watertight shoreline bulkhead and associated groundwater 

diversion structures. The impermeable cap and soil cover system will be inspected and 

maintained as necessary to ensure that their function has not been impaired by erosion or 

activities at the Site. This program will allow the effectiveness of the remedy to be monitored 

and will be a component of the operation, maintenance, and monitoring for the Site.” 

 

A long-term monitoring plan will be instituted.  The elements of the long-term monitoring will 

be formulated to be appropriate for the design elements of the selected Site remedy.  The details 

of the long-term monitoring plan will be developed during the Remedial Design.  

 

In the currently proposed OU-1 remedy, installation of structures to impede groundwater 

migration to the Hudson River, except in a controlled manner via treatment units, allows for 

elimination of the upgradient slurry wall, and associated monitoring.  Long-term maintenance 

and monitoring will be implemented for the treatment units. 

 

Proposed change: 

 

“11. Since the remedy results in untreated hazardous waste remaining at the Site, a long-term 

monitoring program will be instituted. This will include groundwater monitoring in the 

Northwest Area to demonstrate the effectiveness of the remedy and performance of the 

groundwater treatment system. The soil cover system will be inspected and maintained as 

necessary to ensure that its function has not been impaired by erosion or activities at the Site. 

The Shore Protection System will be periodically monitored for damage or deterioration. This 

program will allow the effectiveness of the remedy to be monitored and will be a component of 

the operation, maintenance, and monitoring requirements for the Site.” 
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12. RECOMMENDED SITE-WIDE REMEDY 

 

 

12.1 Integrated Site-Wide Remedy 

 

The recommended Site remedy is OU-2 Alternative 5 “Nearshore Cap with Dredge (for cap), 

Northwest Extension” integrated with the modified OU-1 remedy described in Chapter 11. 

 

The Remedial Design process for the Site is summarized as follows: 

 

Following issuance of the RFS: 

 

 Complete a Toxicity Assessment to determine Site-specific Cleanup Levels for metals. 

 

Following issuance of the ROD: 

 

 Prepare and submit an integrated Remedial Design Work Plan for OU-1 and OU-2.  For the 

OU-1 elements, the design will utilize the previously submitted OU-1 50% Design to the extent 

feasible.   

 Complete pre-design investigations for OU-2 (e.g. absence of DNAPL along the Northwest 

Extension alignment, rip-rap extent, geotechnical data, data gaps for COC extents in the 

Nearshore Area, etc.). Also complete additional pre-design investigations to close data gaps 

identified in the OU-1 50% Design, or that result from integration with OU-2 (e.g. geotechnical 

data, Building 52 outfalls, etc.). 

 Develop and complete other pre-design pilot tests and studies (e.g. transportation study, 

baseline conditions including fish tissue sampling, sediment consolidation, metals stabilization 

for disposal, etc.).  Integrate OU-2 pre-design pilot tests and studies with OU-1 design elements 

(e.g. transportation study).   

 Prepare and submit an integrated OU-2 and OU-1 Preliminary Design.  The purpose of the 

Preliminary Design is to document the engineering calculations and decisions that define the 

specific aspects of the Remedial Design.  The OU-2 design generally is described as: 

– Nearshore Area: A Subaqueous Cap would be placed to contain post-dredge residual 

sediments (isolate remaining sediments containing PCBs greater than 1 ppm or Site-

specific COC metals greater than the Site-specific Cleanup Levels). The installation of a 

Subaqueous Cap would include removal of sediments prior to placing the cap to 

maintain existing bathymetry post remedy. This alternative would include sediment 

removal of 3 ft below existing mudline and any additional localized contaminated 

sediment identified during documentation sampling with PCBs greater than 10 ppm up 

to a depth of 6 ft below mudline. Based on current data (see Appendix D), placement of 

a Subaqueous Cap would encompass the entire Nearshore Area. 

 

– Backwater Area: Institutional controls would be implemented to maintain the existing 

surface sediments that currently isolate contaminated sediments that are not exposed to 

surface waters or biota.  Localized contaminated surface sediments would be removed 

up to a maximum of 3 ft below the existing mudline and backfilled or capped based on 

the results of the post-dredge documentation sampling.  Based on current data (see 

Appendix D), two localized areas would require surface dredge within the Backwater 

Area. 
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– Deepwater Area: Monitored natural recovery would be implemented throughout the 

Deepwater Area. In known Concentrated PCB Material Areas, contaminated sediments 

would be removed up to a maximum of 6 ft below mudline. Subaqueous Backfill would 

be placed post-dredge to restore existing bathymetry. Based on current data (see 

Appendix D), two localized areas would require a dredge to 3 ft below mudline and 

two localized areas would require a dredge to 6 ft below mudline.   

 

– Northwest Off-Shore Area: A Northwest Extension would be installed to contain 

contaminated sediments. The Northwest Extension includes raising final grade above 

MHW with a bulkhead wall and clean, lightweight fill material placed over the 

contaminated sediment. The bulkhead wall would be driven into the Basal Sand 

(approximately 7 to 10 ft) outboard of the existing rip-rap slope and no removal of 

contaminated sediment would be performed as part of the Northwest Extension. 

Configuration of the wall would be determined during Remedial Design and would 

include a heavy bulkhead wall, tie-rods, a sheet pile deadman located approximately 

150 ft inland and a significant corrosion protection system. The final grade would be at 

El. 6. 

 

– Site-wide: Develop Site-specific institutional controls including a Site Management Plan 

(SMP), long-term monitoring and O&M. 

 

 Prepare and submit an integrated OU-2 and OU-1 Remedial Design.  The design will address 

all relevant issues (e.g. sea level change, site drainage, shore protection, etc.).  The purpose of 

the Remedial Design is to provide sufficient documentation for procurement, construction and 

implementation of the remedy as developed in the Preliminary Design. 

 

12.1.1 Coordination 

 

The remedies for OU-2 and OU-1 will be designed and constructed as a single, integrated 

project.  Specifically, dredge and excavation activities will be sequenced to avoid 

recontamination of Site upland and sediments by sequentially completing portions of the work.  

Support functions (e.g. site preparation, dewatering, transportation, and disposal) will be 

combined to expedite the project schedule. 

The net impact to the Hudson River area, volume and substrate for the combined OU-1 and 

OU-2 remedies is: 

Changes to the Hudson River Volume and Area 

Site: 

Volume 

(MLW) Area (MLW) 

Volume 

(MHW) Area (MHW) 

Net Gain/Loss -2,430 CY 0.88 Acres 6,460 CY 1.76 Acres 
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 Littoral Zone Intertidal Zone 

Site: Area Type Area Type 

Existing 

3.3 acres 

NW Area: Steep 

Slope Large Rip-rap 
South: some Flat 

Slope Sediments, 

some Vertical Barriers 0.9 acres 

NW Area: Steep 

Slope Large Rip-rap 
South: some Flat 

Slope Sediments, 

some Vertical 

Barriers 

Proposed 5.2 acres 

NW Area: Vertical 

Barrier 
South: Sloped Small 

Rip-rap 1.7 acres 

NW Area: Vertical 

Barrier 
South: Sloped Small 

Rip-rap 

Net Gain/(Loss) 1.9 Acres   0.8 Acres   

 

12.1.2 Costs 

 

The combined construction cost of the OU-2 and OU-1 remedies, based on the OU-1 ROD and 

the OU-2 PRAP was estimated to be $103 million with a net present value (NPV) of $114.2 

million.  The proposed Site-wide remedy construction cost is estimated to be $234.4 million 

with a NPV of $252 million. 

 

12.1.3 Additional Benefits 

 

The integrated Site remedy achieves the RAOs for the combined OU-2 and OU-1 Site and also 

provides additional benefits including: 

 

 expedited implementation when compared to separate remedy implementation; 

 reduced filling of the Hudson River (i.e. areal extent) when compared to the OU-1 50% 

Design; 

 incorporation of the NYSDEC guidance on shoreline softening (issued after the OU-1 

ROD) which will result in a shore that more closely matches the existing adjacent and 

nearby shore; and 

 increased acreage for future development as compared to the OU-1 ROD and 50% 

Design. 
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TABLE I
SUMMARY OF HISTORICAL SITE INVESTIGATIONS
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YORK
NYSDEC SITE #3-60-022

Investigator
Time Period of 
Investigation

Date of Report Location Reference

Dolph Rotfeld
Apr-1976 to 
May-1976

Nov-1976 OU-1
"Comprehensive Engineering and Environmental Analysis", 
Anaconda Site, Dolph Rotfeld Associates (1976).

Converse Consultants Sep-1986 unknown OU-1
Report unavailable; information taken from "Soils, Foundations, and 
Shore Edge Treatment, Engineering Report for The Harbor at 
Hastings Associates," Olko Engineering (1988)

Malcolm Pirnie, Inc.
Nov-1986 to 
Aug-1987

unknown OU-1
Report unavailable; information taken from "Remedial Investigation 
Report", Harbor at Hastings Site, Golder Associates (1996)

Olko Jan-1988 Dec-1988 OU-1
"Soils, Foundations, and Shore Edge Treatment, Engineering Report 
for The Harbor at Hastings Associates," Olko Engineering (1988)

Groundwater 
Technology, Inc.

Mar-1989 23-Jun-1989 OU-1
"Subsurface Site Assessment", Harbor at Hastings Development, 
Groundwater Technology, Inc. (1989)

Eldon Environmental
May-1989 to 

Jun-1989
unknown OU-1

Report unavailable; information taken from "Remedial Investigation 
Report", Harbor at Hastings Site, Golder Associates (1996)

Golder Associates
Dec-1995 to 

Feb-1996
31-Dec-1996 OU-1

"Remedial Investigation Report", Harbor at Hastings Site, Golder 
Associates (1996)

Fluor Daniel GTI
Sept-1997 to 
Aug-1998

Aug-1998 OU-1
"Supplemental Sampling Report", Harbor at Hastings Site, Fluor 
Daniel GTI, Inc. (1998)

Fluor Daniel GTI
Jun-1998 to 
Sept-1998 

Nov-98 OU-2
Letter from Fluor Daniel GTI Inc. to NYSDEC dated 13 November 
1998, Subject "Harbor at Hastings, Hastings-on-Hudson, New York"

Aquatec Biological 
Sciences

Aug-1998 Oct-1998 OU-2
"Aquatic Habitat and Biological Characterization for the Hastings on 
Hudson Site", Aquatec Biological Sciences (1998).

URS Greiner 
Consultants, Inc.

Sept-1998 unknown OU-2
report unavailable; information taken from "Remedial Investigation 
Report", Harbor at Hastings Site OU#2, Earth Tech of NY (2000)

IT Corporation
Jun-1999 to 
May-2000

Oct-2000 OU-1
"Remedial Investigation Report", Harbor at Hastings Site, IT 
Corporation (2000)

Earth Tech of NY, Inc. Oct-1999 Dec-2000 OU-2
"Remedial Investigation Report", Harbor at Hastings Site OU#2, 
Earth Tech of NY (2000)

Earth Tech of NY, Inc. May-2001 unknown OU-2
Data tables entitled "Phase 3 PCB Data," Hastings at Hudson Site, 
Earth Tech of NY (2001).

IT Corporation
Sep-2001 to 
Oct-2001

30-Nov-2001 OU-1
"Peer Review Summary Report", Excavation Evaluation for Operable 
Unit No. 1", Harbor at Hastings Site, IT Corporation (2001).

Parsons
Sept-2004 to 
Nov-2004

6-Jan-2005 OU-2

 "Field Work Summary Report for Fall 2004 Atlantic Richfield 
Supplemental Offshore Investigation."  Parsons (2005), and letter 
from Parsons to NYSDEC entitled "Addendum to Fieldwork 
Summary Report dated January 2005", dated 8 February 2005.

Parsons Jul-2005 Nov-2005 OU-2
 "Field Work Summary Report for Summer 2005 Physical Site 
Characterization and Sediment Sampling Effort."  Parsons (2005).

Haley & Aldrich and 
ENSR

Sept-2005 to 
Nov-2005

31-Jul-2006 OU-1
"Pre-Design Investigation Report, Appendix D of 50% Design Report 
for Operable Unit No. 1"  Haley & Aldrich of NY and ENSR (2006).

Haley & Aldrich and 
ENSR

Mar-2006 to 
Apr-2006

31-Jul-2006 OU-1
"Supplemental Design Investigation Report, Appendix E of 50% 
Design Report for Operable Unit No. 1"  Haley & Aldrich of NY and 

Haley & Aldrich
Aug-2007 to 

Jul-2008
Oct-2008

OU-1 and 
OU-2

"Supplemental Northwest Corner Investigation Findings Report", 
Haley & Aldrich of NY (2008).

Haley & Aldrich
Aug-2010 to
Sept-2010

15-Nov-2010 OU-1
"DNAPL IRM Recovery Well Installation", Haley & Aldrich of NY 
(2010).

Haley & Aldrich Sept-2010 TBD* OU-2
"Data Report on Riprap Field Investigations", Haley & Aldrich of 
NY.

Haley & Aldrich
Jun-2011 to
Dec-2011

TBD* OU-1 DNAPL IRM Construction Completion Report

* To be submitted to NYSDEC in the future.

HALEY & ALDRICH OF NEW YORK
G:\Projects\28612\250 - RFS\Tables\Table I_History of Investigations_D2.xlsx

Oct 2011
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TABLE II
SUMMARY OF SITE-SPECIFIC COCs AND PRG EXCEEDANCES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YORK
NYSDEC SITE #3-60-022

Depth 
Interval

Range of 
Maximum 

Concentration 
(ppm)

 Frequency 
of Locations 

with PRG 
Exceedance

Range of 
Maximum 

Concentration 
(ppm)

 Frequency 
of Locations 

with PRG 
Exceedance

Range of 
Maximum 

Concentration 
(ppm)

 Frequency 
of Locations 

with PRG 
Exceedance

Range of 
Maximum 

Concentration 
(ppm)

 Frequency 
of Locations 

with PRG 
Exceedance

Range of 
Maximum 

Concentration 
(ppm)

 Frequency 
of Locations 

with PRG 
Exceedance

0-0.5 ft 2.5 - 2560 24 of 123 10.3 - 2700 10 of 123 4.3 - 1390 8 of 123 48.9 - 5710 10 of 123 ND - 170 42 of 135
0-2 ft 2.5 - 2560 48 of 150 8.8 - 2700 22 of 146 4.3 - 1390 12 of 146 48.9 - 5710 21 of 146 ND - 5200 79 of 171
2-6 ft 3.2 - 4310 44 of 80 7.2 - 407 29 of 78 14.8 - 85.7 11 of 78 42.5 - 6450 32 of 78 ND - 9200 70 of 143

6-10 ft 1.1 - 934 17 of 40 6.43 - 235 10 of 38 11.4 - 39.9 5 of 38 32.2 - 1580 15 of 38 ND - 630 30 of 89
10+ ft 0.13 - 590 5 of 31 3 - 218 4 of 30 0.74 - 37.6 3 of 30 7 - 501 4 of 30 ND - 6500 31 of 88

Notes: 1)  Table includes all locations within the limits of OU-2.
2)  PRG levels by compound:  Copper 129 ppm, Lead 132 ppm, Nickel 35 ppm, Zinc 233 ppm, PCBs 1 ppm.
3)  Only samples taken between 0 to 0.5 feet below mudline were reported within the 0 to 0.5 foot depth interval.  The 0 to 0.5 foot depth interval is a subset of the 0 
     to 2 foot interval.

Copper Lead Nickel Zinc PCBs

Haley & Aldrich of New York
G:\Projects\28612\250 - RFS\Tables\Table II_ Summary of Site-specific COC Exceedances Based on PRG Values_formated_NEW.xlsx
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

No Action
Non-technology 
based

-

No remedial action is taken to contain, 
remove or treat the contaminated 
sediments or to restrict use or access 
to the areas of contamination.

Provides baseline for analysis as required under NCP. Yes Yes

Monitored 
Natural 
Recovery

Long-term 
Monitoring

Environmental 
media or land 
use monitoring

Natural attenuation of contaminated 
sediment or contaminant mobility, 
volume, and toxicity through naturally 
occurring biological, chemical and 
physical processes. Document by 
monitoring sediment quality, surface 
water quality, fish and other biota 
tissue, sediment erosion and 
deposition, and long-term changes to 
potential exposure.

Effectiveness: Natural attenuation is a slow process. Some areas of the river bottom are actively eroding and redistributing 
contaminated sediments. Potential direct exposure to contaminated sediments in deeper depositional areas should decrease 
with time; however, shallow nearshore areas are erosional and enable direct exposure and contaminated sediment 
remobilization. Some deeper areas may be net depositional but sediment dynamics, especially during severe infrequent 
storms, may expand the area that is actively eroded and allow for exchange of contaminated and relatively uncontaminated 
sediments. Flux of contaminated groundwater through pervious nearshore sediments may provide a continuing source for 
both direct exposure and contaminated sediment redistribution.

Implementability/Cost: Monitoring of environmental media is implementable at low cost. Monitoring of short term land use 
would be difficult to administer.

Yes Yes

Institutional 
Controls

Access and Site 
Use Restrictions

Land use and 
deed 
restrictions, 
fishing and fish 
consumption  
health 
advisories, 
restrictions on 
dredging of 
contaminated 
sediments

Non-technology based. Restrict future 
use of affected areas by provisions in 
property deed, or other institutionalized 
site restrictions. Reduce potential 
human exposure to contaminated fish 
and sediment by continuation of fishing 
and fish consumption advisories. 
Reduce potential disturbance to 
sediments caused by vessel hulls, prop 
wash, dredging, construction activities.

Potentially Applicable. May impact future waterfront usage.

Effectiveness: A deed restriction, in itself would not meet the remedial action objectives. Deed restrictions combined with 
another remedial technology such as a confined disposal facility could be an effective means of controlling access and use of 
the facility area. Restrictions could include prohibiting construction or future development of the disposal area. Health 
advisories and restrictions regarding consumption of fish would reduce potential exposure to contaminated fish that will likely 
be present after completion of remedial construction. Consumption and fishing advisories are difficult to monitor and enforce.

Implementability/Cost: Deed restrictions or health advisories could be readily implemented at a minimal cost.

Yes Yes

HALEY & ALDRICH OF NEW YORK
G:\Projects\28612\250 - RFS\Tables\Table III_Summary of Technologies_formated_F_bdd.xlsx
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Low 
Permeability 
Cap (e.g. 
Aquablok)

Cover areas of contamination with 
clean natural low permeability soil, 
activated carbon, pervious granular 
soil, armor stone, gabions, pervious or 
impervious geosynthetic materials, 
active materials or combinations 
thereof (e.g. AquaBlok) to minimize 
contaminated sediment erosion, 
mobility and environmental exposure.

Yes No

Active Cap (e.g. 
Sedimite)

Cover areas of contamination with 
activated carbon or active materials to 
minimize contaminated sediment 
erosion, mobility and environmental 
exposure.

Yes Yes

Pervious Cover 
(Armoring only)

Cover areas of contamination with 
pervious granular soil, armor stone, 
gabions, pervious or impervious 
geosynthetic materials to minimize 
contaminated sediment erosion, 
mobility and environmental exposure.

Yes No

Subaqueous 
Capping

Effectiveness: Pervious cover (armoring only) has limited effectiveness in limiting PCB contamination migration.  Placement 
of impervious or active cap material over the contaminated sediment would reduce the potential for direct contact with or 
migration of contaminated sediments.  However, addition of several feet of cover material in the already shallow contaminated 
sediment areas would potentially impact existing habitats and future development of the near shore portions of the river. Long-
term effectiveness of the cap would be difficult to monitor without extensive sampling. The potential for future exposure to or 
migration of contaminated sediments would be present due to natural erosion associated with water currents and plant and 
animal activity. Although the river in its current conditions is overall depositional, a localized increase in the bottom surface 
elevation could create a localized erosional zone, jeopardizing the longevity of the cap.

Implementability/Cost: Construction of a cap could be difficult because of the fast moving currents. Construction and long-
term maintenance of a stable cover would be of concern over the soft sediments, in shallow nearshore areas subject to storm 
wave and storm tidal currents, in areas of contaminated groundwater discharge, and where the river bottom is irregular or 
obstructed with large debris or structures. Hydraulic effects must be evaluated in shallow areas. Potential disturbance and 
mixing during placement must be evaluated where surficial sediments are highly contaminated. Potentially more feasible in 
level deepwater depositional areas. May impact future waterfront usage. Administrative issues include the following:

1) This technology would be difficult to implement because under 6 NYCRR 608 and ECL Article 15, filling of a water body in 
such a manner that natural resources would be lost or impacted would not be permitted if a reasonable alternative is available 
(i.e., removal of the contaminated sediment).
2) Use of this technology in the Site remedy would require approval from an EPA Regional Administrator according to TSCA. 
TSCA contains minimum requirements for disposal facilities which are designed to ensure protection of human health and the 
environment. Difficulties with controlling leachate migration and issues with long-term permanence constitute serious 
obstacles to gaining approval from an EPA Regional Administrator.
3) Demonstrating consistence with the USACE Nationwide Permit Program and the NYS Coastal Management Program may 
be difficult due to issues related to natural resource damage.

If these implementation problems were overcome, a cap would likely be a less costly alternative compared to removal 
alternatives because no dredging, dewatering, water treatment or disposal would be necessary.

Comments: According to NYCRR 608 (use and protection of waters) this alternative would not be implementable unless no 
other reasonable alternative was available. A wet CDF disposal option will be carried through the FS evaluation in case no 
other reasonable option can be identified. The CDF technology will be carried through rather than in-place capping because it 
constitutes a similar technology with the added benefit of engineered structures which would increase its long-term reliability.

Containment
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Containment
Non-Subaqueous 
Capping

Northwest 
Extension

Places a bulkhead wall off-shore and 
backfills the enclosed area to an 
elevation that matches the finished 
grade of OU-1.

Effectiveness:  Extension will provide chemical and physical isolation of in-situ contamination from biota and the 
environment.

Implementability/Cost:  Construction of an extension requires a bulkhead wall, deadman, and cathodic protection and 
material for fill, but does not require significant dredging of contaminated sediment.

Yes Yes

Clamshell Grab Bucket Dredge (e.g. 
Cable Arm, Environmental Bucket): A 
sealable environmental bucket 
operated from a crane mounted on a 
spud barge or onshore. Amount of 
resuspended sediment depends greatly 
upon operational procedures.

Yes Yes

Hydraulic Arm Bucket (Dipper) Dredge: 
A bucket power shovel operated via a 
long-arm backhoe or excavator 
mounted on a spud barge or onshore.

Yes Yes

Specialty Dredge (e.g. Amphibious 
Excavator, Visor Dredge, Dry Dredge): 
A special purpose, proprietary 
mechanical or combined mechanical-
hydraulic dredging technologies of 
various degrees of sophistication and 
complexity, usually with limited 
availability in U.S.

Yes Yes

Mechanical 
Dredging 

Removal Remedial Dredging

Effectiveness: A bucket is a highly precise digging tool efficient in close quarters such as dock and pier areas. It can recover 
all types of material except highly consolidated sediment and can operate at varying depths. Debris is less of a problem than 
with hydraulic dredging techniques. Mechanical dredging yields a lower production rate (30 to 700 cy/hr) than hydraulic 
dredging and produces a greater amount of resuspended sediments, but water content of the dredged material is not 
substantially increased as occurs for hydraulic dredging.

Implementability/Cost: A crane could be operated from the shoreline and would be particularly effective in areas of fill that 
contains timber and rubble where hydraulic dredging would be ineffective. The grab bucket excavates a higher percentage of 
solids than hydraulic dredging, which can lower the cost of subsequent dewatering.
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

General: Slurry dewatering and water 
treatment facility is required. Alternate 
means required for large debris 
removal. Large debris poses a difficulty 
and must be left in place, pushed aside 
or removed by mechanical bucket or 
clamshell operated from ancillary 
vessel. Debris removal from bottom or 
plugged dredge lines is a major cause 
of sediment re-suspension. Cutterhead 
embedment and rotation (if applicable), 
and dredge advance rate must be 
carefully coordinated with sediment 
removal rate to minimize re-suspension 
and spillage.

Horizontal Auger Dredge: Typically, a 
small portable dredge with limited 
depth capability that uses a rotating 
horizontal auger to dislodge sediments 
into a suction pipe with conveyance 
through slurry pipeline to the 
processing area. Propelled through 
water / sediment by winching along 
anchored cables.

Pipeline Cutterhead Dredge: Versatile 
dredges of various sizes characterized 
by a rotating basket-like cutterhead that 
dislodges sediment into a suction pipe 
at the base of a submerged ladder with 
conveyance through slurry pipeline to 
the processing area. Propelled through 
water by combination of spuds and 
winching anchored lateral cables.

Effectiveness: Hydraulic dredges generally exhibit higher production rates (10 to 10,000 cy/hr) and lower resuspension than 
mechanical dredges. However, they are susceptible to damage by debris and clogging. Slurries of up to 10 to 20 percent 
solids by weight are typically achieved particularly if the dredge is equipped with an appropriate dredge head, and is operated 
efficiently with an experienced operator.

Implementability/Cost: A hydraulic dredge can operate at shallow depths and therefore could be used to remove the 
contaminated sediment sediments. The typical draft of the barge is 3 to 5 feet. Substantial amounts of water would be added 
to the contaminated sediments which could increase the cost of slurry dewatering and treatment.

Hydraulic 
Dredging

Remedial DredgingRemoval NoYes
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Submersible Suction Dredge (e.g. 
Eddy, DragFlow, Toyo, or Vortex 
Pump): Diverse family of cable-
suspended, ladder- or hydraulic arm-
mounted hydraulic dredges that 
operate by means of suction- only (no 
cutterhead) to dislodge sediments that 
are pumped as slurry through a 
pipeline to the processing area.

Hand-held Suction Dredge: Small 
capacity suction dredge operated 
manually, usually by divers, in relatively 
restricted access locations.

Large-scale Navigational Dredges (e.g. 
dustpan, bucket wheel, hopper 
dredges): Large, high capacity dredges 
with various dredge head styles, self-
propelled in deep water and optimized 
to remove large quantities of sediment 
at a high rate, with or without pipeline, 
usually for navigational purposes, with 
relatively high re-suspension rates and 
low precision. Slurry may be pumped 
long distances (miles)
if pipeline is used.

Specialty Dredges (e.g. Clean-up, 
Refresher, Matchbox Dredges): 
Generally small, special purpose, 
proprietary hydraulic or combined 
mechanical-hydraulic dredging 
technologies of various degrees of 
sophistication and complexity, usually 
with limited availability in U.S.

NoYesHydraulic 
Dredging

Remedial DredgingRemoval

Effectiveness: Hydraulic dredges generally exhibit higher production rates (10 to 10,000 cy/hr) and lower resuspension than 
mechanical dredges. However, they are susceptible to damage by debris and clogging. Slurries of up to 10 to 20 percent 
solids by weight are typically achieved particularly if the dredge is equipped with an appropriate dredge head, and is operated 
efficiently with an experienced operator.

Implementability/Cost: A hydraulic dredge can operate at shallow depths and therefore could be used to remove the 
contaminated sediment sediments. The typical draft of the barge is 3 to 5 feet. Substantial amounts of water would be added 
to the contaminated sediments which could increase the cost of slurry dewatering and treatment.
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Remedial Dredging
Pneumatic 
Dredging

Suction-only Dredges (e.g. Pneuma 
Pump): Spud barge-deployed, cable-
suspended or arm-mounted assembly 
of three large submersible cylindrical 
pressure vessels with a sediment inlet 
valve at the bottom shovel / grated 
dredgehead. Minimal re-suspended 
solids under optimal conditions. 
Dredgehead maneuvering can be diver 
assisted. Dredged material conveyed 
through pipeline as relatively high 
percent solids slurry.

Effectiveness: Best suited for low turbidity removal of soft uniform fine-grained sediment such as may exist in a lake 
environment. Does not appreciably reduce percent solids as do hydraulic dredging methods.

Implementability/Cost: Not readily available in U.S.; most experience and expertise with this technology is overseas. May be 
difficult to operate precisely in shallow water, in tidal environment with 3 fps currents and in areas of abundant debris. Single 
vendor must be solesourced. Parts replacement may be slow because of overseas source.

Yes No

Convential Silt 
Curtain

An assembly of weighted, tethered 
and/or anchored (possibly embedded 
anchors) geotextile (pervious), 
geomembrane (impervious), or 
composite skirt suspended from floats 
deployed to minimize migration of 
suspended sediment away from the 
active work area.

Yes Yes

Sheet Piling

Interlocking steel sheet piles driven 
either in a continuous wall around 
dredging areas or as a discontinuous 
barrier at upstream / downstream sides 
to prevent or minimize migration of re-
suspended sediments away from the 
work area and reduce wave and 
current energy in work area to facilitate 
dredge operation. May be augmented 
by soldier piles and bracing. 
Hydrodynamically shaped footprint.

Yes No

Removal

Turbidity Control 
and Energy Barriers

Potentially Applicable in protected nearshore areas of low wave and current energy, such as boat slips or parallel to shoreline.

Effectiveness: Conventional silt curtains, combined with energy barriers and constructed parallel with the river current, would 
likely be effective in minimizing resuspended sediment migration. The large waves and fast currents frequently present at the 
site as well as the thick layer of soft sediment and marine silt present on the river bottom, create design challenges relative to 
securing energy barriers.

Implementability/Cost: A sheet pile wall, although costly, could be installed for use as a turbidity and an energy barrier. 
Floating barriers such as a barge or scow might be a more cost effective energy barrier useful for creating a sufficiently calm 
environment for a turbidity curtain to be installed and maintained. Installation of fabric walls would be difficult except in shallow 
waters.
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Floating Barrier/Boom: A linear fabric-
encased foam float placed around the 
active work area to contain and 
facilitate collection of floating oils and 
small debris. May be adapted with 
structural sheeting to reduce wave 
energy in downstream work area (e.g. 
Rapidly Installed Breakwater System).

Pile-supported Geosynthetic Wall: 
Structural piling driven around the 
active dredging area and to which is 
affixed walers and geotextile or 
geomembrane sheeting to prevent 
significant migration of re-suspended 
sediment away from the active work 
area.

Floating Energy Barrier: Spud barges, 
scows or other vessels moored around 
the active work area to create low 
energy conditions more amenable to 
precise dredging and turbidity control 
than an unprotected area. Scow or 
platform could serve other functions to 
support construction.

Sheet Piling

Install a stable and temporary single or 
double row (with tie rods) sheet piling 
wall with sealable interlocks around the 
area to be dewatered.

Yes No

Cellular 
Cofferdam

Construct a stable and temporary, 
adequately watertight, soil-filled cellular 
cofferdam, to isolate the targeted river 
bottom excavation area and enable 
dewatering and excavation in the dry.

Yes No

Removal

Yes YesAugmentations 
(Various)

Turbidity Control 
and Energy Barriers

Potentially Applicable in protected nearshore areas of low wave and current energy, such as boat slips or parallel to shoreline.

Effectiveness: Conventional silt curtains, combined with energy barriers and constructed parallel with the river current, would 
likely be effective in minimizing resuspended sediment migration. The large waves and fast currents frequently present at the 
site as well as the thick layer of soft sediment and marine silt present on the river bottom, create design challenges relative to 
securing energy barriers.

Implementability/Cost: A sheet pile wall, although costly, could be installed for use as a turbidity and an energy barrier. 
Floating barriers such as a barge or scow might be a more cost effective energy barrier useful for creating a sufficiently calm 
environment for a turbidity curtain to be installed and maintained. Installation of fabric walls would be difficult except in shallow 
waters.

Site Dewatering and 
Excavation

Effectiveness:  Sheet piling and cofferdams must be designed for a broad range of potential environmental conditions and 
loadings. Additional measures would be required to control and manage water that seeps into excavation.

Implementability/Cost: Installation and removal would be very time consuming and extremely costly.  Accessing sediment 
and working on soft dewatered subgrade would be sloppy and difficult.
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Barge

Common method of transporting large 
quantities of dredged materials over 
long distances in major waterways or 
where adequate loading/unloading 
facilities are available.

Yes No

Railroad
Common method of transport where 
rail is available and distances to 
disposal facilities exceed 50 miles.

Yes No

Truck

Common method of transport when 
distance to the disposal facility lies 
between 15 and 50 miles and other 
economical transport modes are 
unavailable.

Yes Yes

Decantation
Install a temporary decant area in 
which wet sediment can dewater by 
gravity drainage.

Effectiveness:  Decantation is effective for sediment with high solids content such as the sediment removed by mechanical 
dredging.

Implementability:  Decantation would require dedicated decant pad and area with necessary drainage.

Yes Yes

Mechanical 
Filter Press

Squeeze excess water out of the 
dredged material using conventional 
belt or plate and frame filter presses, or 
a more innovative method, to render 
the material suitable for transport, 
further treatment and disposal.

Effectiveness: Mechanical filter presses are a proven technology to dewater fine grained dredged sediments after removal of 
excessive coarse materials.

Implementability/Cost:  Mechanical filter presses are a proven technology, but will require bench scale testing.

Yes No

Sediment 
Dewatering

Off-Site Sediment 
Transportation

Effectiveness:  Pipelines, barges, railroads or trucks would be effective means for transporting dredged or excavated 
materials.

Implementability/Cost: Transportation of removed material would be implementable using any of these means.  If transport 
is selected as part of a remedial action alternative, the relative costs would be evaluated during the detailed analysis of 
alternatives.

Removal
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TABLE III
SUMMARY OF RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YROK
NYSDEC SITE #3-60-022

General 
Response 
Actions

Remedial (and 
Associated) 
Technologies

Process 
Options Description Screening Comments Retained 

in OU-2 FS

Utilized 
in OU-2 
FS

Commercial 
Landfill

Removed material is transported to an 
appropriate offsite hazardous, non-
hazardous, TSCA or non-TSCA landfill 
facility for final disposition.

Effectiveness: Disposal of contaminated sediment at an appropriate permitted off-site facility would effectively reduce or 
minimize the toxicity, volume or mobility of the constituents.

Implementability/Cost: Permitted disposal facilities are available to receive contaminated sediment containing PCBs. 
Disposal costs vary based on the contaminated sediment characterization and classification.

Yes Yes

Commercial 
Incinerator

Excavated material is transported to an 
appropriate offsite RCRA incineration 
facility (TSDF).

Potentially Applicable, especially for sediments containing greater than 1000 ppm PCBs.

Effectiveness: Disposal of contaminated sediment at an appropriate permitted off-site facility would effectively reduce or 
minimize the toxicity, volume or mobility of the constituents.

Implementability/Cost: Permitted disposal facilities are available to receive contaminated sediment containing PCBs. 
Disposal costs vary based on the contaminated sediment characterization and classification.

Yes No

Subaqueous 
Disposal Facility

Excavated or dredged / dewatered 
material is consolidated in a nearby 
natural underwater depression not 
subject to erosion or future dredging, 
and capped.

It is unlikely that this would be approved given the potential for re-suspension during placement and the efforts to remove the 
contaminated sediments from the river bottom environment in the first place.

No No

Confined 
Disposal Facility

Excavated material is placed in a 
bermed containment area onshore at 
the OU #1 site, in existing boat slip(s), 
or offshore in the river at the OU #2 
site.

It is unlikely that this would meet public acceptance or regulatory approval because of installation in 100-year floodplain in 
scenic setting on potentially valuable real estate with different future land use plan. Limited space available at site.

No No

On-Site Reuse
Reuse as 
Subgrade 
Material

Excavated or dredged, dewatered 
material is placed in OU-1 areas below 
surface cover.

Effeciveness: Placement of material with PCB concentrations less than 10 ppm below a surface cover is allowed by the OU-1 
ROD.

Implementability/Cost: Sediment may require augmentation with additives, e.g. cement kiln dust, to provide structural 
requirements of backfill material in some areas.  Reuse results in reduced cost for backfill material and import, sediment 
transportation, disposal, and consumption of landfills.

Yes Yes

Off-Site Disposal

Disposal

On-Site Disposal
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TABLE IV

Alternative Nearshore Area Backwater Areas Deepwater Area Northwest Area

1 No Action No Action No Action No Action No Action Alternative

2 Subaqueous Cap
*with Dredge to 3 feet for cap

3 Dredge
up to 6 feet

4 Dredge
up to 10 feet

5 Subaqueous Cap
*with Dredge to 3 feet for cap

6 Dredge
up to 6 feet

7 Dredge
up to 10 feet

8

9 Practicable Dredge
Without Turbidity Control

Practicable Dredge
With slope

Pre-release Alternative

SUMMARY OF OU-2 REMEDIAL 
FORMER ANACONDA WIRE AND CABLE COMPANY
HASTINGS-ON-HUDSON, NEW YORK
NYSDEC SITE #3-60-022

Alternatives

  * Supplemental Action

Institutional Controls
*with Surface Dredge 

of Localized Areas Monitored Natural Recovery
*with Dredge up to 6 feet 

of Concentrated PCB Material Areas

Sloped Subaqueous Cap
*with Dredge as required 

for sloped cap

Northwest Extension
No Dredge

Practicable
Dredge

Practicable
Dredge
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OU-1 REMEDIATION NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

POTENTIAL SEDIMENT RE-USE AREAS
FOR RECOMMENDED REMEDY

SCALE: AS SHOWN
MAY 2011 FIGURE 26SCALE IN FEET

0 100 200

POTENTIAL
EXCLUSION

AREA
POTENTIAL
EXCLUSION

AREA

POTENTIAL
EXCLUSION

AREA POTENTIAL
EXCLUSION

AREA
SOUTH

BOAT SLIP
NORTH

BOAT SLIP

OLD
MARINA

BUILDING   52

POTENTIAL SEDIMENT 
RE-USE AREAS
INTERPRETED EXTENTS OF 
PCB CONTAMINATION (0-2')1

INTERPRETED EXTENTS OF 
PCB CONTAMINATION (2-4') 1

INTERPRETED EXTENTS OF 
PCB CONTAMINATION (4-6') 1

MAXIMUM PCB CONCENTRATIONS (0-6')
0-1 mg/kg (BACKGROUND PRG)
1-2 mg/kg (≤2 X PRG)
2-5 mg/kg (≤5 X PRG)
5-10 mg/kg (≤10 X PRG)

10-50 mg/kg (≤50 X PRG)

50-100 mg/kg (≤100 X PRG)

>100 mg/kg (>100 X PRG)

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN

NOTES:
1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
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This appendix provides responses by Atlantic Richfield to a letter from NYSDEC dated 10 November 

2009, in which NYSDEC provided comments on the Modified Feasibility Study (MFS) submitted in 

March 2009. 

 

In discussions with NYSDEC following receipt of the November 2009 letter, it was agreed that a series 

of technical presentation would expedite resolution of the comments. Those technical presentations were 

conducted with NYSDEC between December 2009 and December 2010.  The result of those 

presentations and associated discussions is this Revised Feasibility Study (RFS) which supersedes the 

MFS. 

 

For continuity, the following text provides NYSDEC’s comments (in italics) followed by responses 

from Atlantic Richfield.  The comments by NYSDEC were organized in the three sections that follow. 

 

As a result of the presentations and discussions, some of the comments regarding the MFS are no 

longer applicable since the specific aspect in the MFS that was commented on has changed or is no 

longer a part of the study.  Where still applicable, these comments are addressed and resolved in the 

RFS. 

 

1.1 Cover Letter 

 

Some comments were provided in the text of the cover letter from NYSDEC as follows. 

 

“The Department recommends that certain new alternatives be evaluated in the revised MFS, and 

requires that several existing alternatives be modified so they can be properly compared to the others. 

However, these recommendations do not indicate an endorsement of any alternative or approach to the 

sediment contamination and shoreline stability issues at the site. The Department believes that the 

additional evaluations outlined in our comments are necessary to evaluate a preferred alternative. 

 

The Department notes that none of the MFS alternatives developed for the southern portion of the site 

provide an equivalent to Alternative 6A of the 2003 Proposed Remedial Action Plan (PRAP). In 

addition, the MFS does not provide any new information or basis to justify that Alternative 6A is not 

feasible. As a result, the Department requests that MFS Alternative S-6 be revised to provide the same 

removal as PRAP Alternative 6A for the southern portion of the site.” 

 

RESPONSE: During technical presentations and discussions with NYSDEC beginning in January 

2010, a new set of alternatives was developed and reviewed with NYSDEC numerous times. Note that 

the alternatives presented in the MFS had been discussed with NYSDEC during working sessions prior 

to submittal of the MFS and all alternatives requested by NYSDEC were included in the MFS.   

 

“The Department believes that it would be productive to prioritize the evaluation of certain items 

requested in the enclosed comments. Development of the “bump out” alternative (Comment #4), which 

Parsons had previously recommended and which the Department had previously rejected, should be re-

considered based on new findings of liquid DNAPL under the river and instability of the shoreline. Due 

to the geotechnical complexity and administrative difficulties associated with this alternative, it should 

be prioritized for development and discussion. Similarly, identification of portions of the shoreline that 
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are suitable for the “slopeback” approach in terms of ability to dredge sediments, confidence in 

containing historic fill, and suitability of flow conditions (Comment #7) should also be prioritized for 

discussion." 

 

RESPONSE: Additional details were presented during the technical presentations and are incorporated 

in the RFS.  As discussed in Section 7.5 of the RFS, Alternatives 5, 6, 7, and 8 incorporate the 

Northwest Extension (“bump out”) in the Northwest Area.  Note that the presence of DNAPL under 

the river has not been confirmed.  Discussion on DNAPL findings is presented in Section 3.2.2 of the 

RFS. 

 

1.2 General Comments 

 

NYSDEC attached a list of General Comments which are presented and discussed below. 

 

1. “The Department is concerned with the lack of detail in the capping alternatives described in 

the report. While ARCO’s May 13, 2009 transmittal of supplemental MFS figures provides 

“general concepts” of subaqueous caps and shoreline protection systems, the resulting cover 

systems are overly vague and do not appear to offer a sufficient level of environmental 

protection. For instance, the total thickness of the subaqueous cap could range from 9 to 24 

inches for both northern and southern alternatives. Given the amount of investigation, modeling 

and evaluation that has been performed on the sediments and river conditions in this area; the 

Department believes that more specific capping and shoreline protection systems can be 

provided. The Department also believes that, due to differing conditions in the Northwest 

Corner and Southern shoreline areas, separate and distinct shoreline protection systems should 

be evaluated for each area, rather than the single conceptual design specified in the May 13, 

2009 submittal. In the absence of specific and acceptable subaqueous cap details in the MFS 

and supplemental submittal, the Department has developed a conceptual subaqueous cap design 

that it will evaluate in the forthcoming PRAP. The Department requests that ARCO revise the 

corresponding capping alternatives in the MFS to account for the increased dredge volume, 

cost, and other factors to be consistent with this conceptual design. ARCO should not interpret 

the Department’s presentation of this conceptual design as an endorsement of capping as an 

acceptable remedial alternative. As in the 2003 PRAP for OU2, capping remedies will be 

evaluated along with dredging and dredge/backfill alternatives during remedy selection. 

Nothing that ARCO has presented in the MFS changes or eliminates the technical and 

administrative drawbacks of a capping remedy at the site, as described in the 2003 PRAP.” 

 

 RESPONSE: Additional details were presented during the technical presentations with 

NYSDEC and are incorporated in the RFS.  Containment options, including subaqueous 

capping, for the various OU-2 areas are presented in Section 6.2.4 of the RFS.  Further 

discussion of Subaqueous Cap effectiveness is provided in Appendix I of the RFS. Design of 

the elements of the cap requires additional data beyond what is currently available and will be 

part of the Remedial Design process.  Preliminary design calculations for material sizing are 

documented in Appendix B - Shore Protection and Appendix B - Subaqueous Cap Stability. 
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“All capping alternatives should include sufficient removal of contaminated sediments to allow 

placement of the cap while retaining the current bathymetry. 

 

RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS, as discussed in Section 7.3 and each alternative in Section 7.5.  Note 

that the concept of retaining the current bathymetry would not be consistent with published 

guidance and engineering limitations in some OU-2 areas due to stability issues.  Note also that, 

as previously stated by NYSDEC, many areas are depositional, therefore “current bathymetry” 

varies with time and cannot be maintained. Discussion on the depositional environment is 

presented in Section 2.6.3 of the RFS. 

 

-  “An isolation layer, currently estimated to be 1-foot thick, would consist of fine sand 

and would be placed over contaminated sediments/fill. Filter fabric could be used to 

separate these two layers. This layer would isolate contaminated sediments and prevent 

their movement into the layers above the isolation layer. Design studies would be 

performed to determine the thickness of this layer to prevent contaminant migration and 

breakthrough.” 

 

  RESPONSE: Additional details were presented during the technical presentations and 

are incorporated in the RFS.  Subaqueous cap is described in Sections 6.2.4 and for 

each alternative in 7.5 of the RFS. Additional information is provided in Appendices B 

and I.  Note that installation of filter fabric for a subaqueous cap can be considered, but 

may not be practical.  The MFS recommended “design studies” and the RFS assumes 

that design studies will be part of the Remedial Design process. 

 

-  “An armor layer, currently estimated to be 1-foot thick, would provide sufficient 

protection to prevent erosion and movement of the isolation layer. This layer would 

stabilize, protect and prevent movement and penetration of the isolation layer. Design 

studies would be performed to determine the thickness of this layer and size of the 

material to prevent erosion or penetration of this layer.” 

 

  RESPONSE: The comments do not provide the calculations or basis for the estimated 

thickness of the armor layer.  Additional details were presented during the technical 

presentations and are incorporated in the RFS.  Subaqueous cap is described in Sections 

6.2.4 and for each alternative in 7.5 of the RFS. Additional information is provided in 

Appendices B and I.    

 

- “A riverbed restoration layer would restore the bed of the river to a condition that 

allows the natural sediment erosion and deposition processes to occur without exposing 

the cap while also providing habitat for burrowing biota and adequate substrate for 

root penetration of subaqueous plants. Design studies would be performed to determine 

the thickness of this layer, and the size and type of the material needed to allow the 

natural hydrogeomorphic forces to act while still maintaining adequate habitat over the 

armor layer. The FS should consider using a range of two to four feet in the cost 

estimate for this alternative for the thickness of the riverbed restoration layer.” 
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  RESPONSE: Additional details were presented during the technical presentations and 

are incorporated in the RFS.  As outlined in Section 7.5 of the RFS, the Habitat Layer 

is currently estimated to include 12 inches of placed material and allow for an 

additional 12 inches of natural deposition. Note that no submerged aquatic vegetation 

has been observed in prior studies or during visits by NYSDEC personnel.   

 

“This cap configuration is not necessarily applicable to the intertidal zone associated 

with the “slopeback” alternatives, which would be subject to greater wave, ice/debris 

scour and other erosional forces. In all areas, including the Northwest Corner, the 

Department will require the shoreline protection system that provides the most 

appropriate combination of erosion/contaminant control and habitat/riverbed 

restoration.” 

 

RESPONSE: Additional details were presented during the technical presentations and 

are incorporated in the RFS.  Appendix B provides preliminary calculations for 

material sizing within the intertidal zone based on expected erosional forces.  Note that, 

while the results of the calculations may change due to different input values (and 

thereby change the design), the same design calculations apply to the intertidal zone as 

other zones.  The definition of “most appropriate” has been requested by AR during 

working sessions and site visits by NYSDEC in 2007 and 2009.  In the absence of a 

definition, the MFS made assumptions based on current information.   

 

2. “Certain areas depicted for remediation based on metals contamination appear to have been 

determined by drawing limited boxes around each location where a sample exceeded the metals 

remedial goal. Earlier presentations of 3-dimensional modeling, which used kriging methods to 

estimate contaminant concentrations between sampling locations, do not appear to have been 

used. The limited box approach is not realistic for the typical pattern of contaminant migration 

in sediments, and appears to significantly underestimate the extent of capping and/or dredging 

required for the South series of alternatives. The metals goals used to define the “hot spots” 

also appear to be incorrect. The remedial goal for metals contamination should be the 

preliminary remediation goal (PRG) used in the 2003 Operable Unit 2 (OU2) PRAP. The 

Department has mapped exceedances of the PRGs for lead and copper in sediments, and these 

are provided in attached Figures 1 and 2. These figures indicate that a much larger area of 

sediment requires remediation than is depicted in the MFS.” 

 

RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Discussion on the extents of contamination and metals goals (referred 

to as Site-specific Cleanup Levels in the RFS) are located in Sections 3.3 and 4.3, respectively. 

 

Note that the box concept followed the methodology used for OU-1 as discussed in working 

sessions with NYSDEC.  The boxes were selected for the purpose of comparing alternatives 

and are generally related to known release points.  Earlier interpretations of the extent of metals 

do not utilize all the currently available data and did not apply kriging appropriately and 
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therefore did not correctly model the extents.  In addition, the new data has been applied to 

recalculation of the “background” values.   

  

Also note that during working sessions with NYSDEC prior to submittal of the MFS, the 

alternatives had been developed based on the results of an AVS-SEM evaluation.  A workplan 

for this evaluation had been submitted by AR following comments by AR on the PRAP and the 

workplan approved by NYSDEC.  In the absence of comments on the AVS-SEM evaluation 

report submitted in 2006, AR had proceeded assuming that those results had been accepted.  

The NYSDEC informed AR that the results were not accepted in a letter dated 12 March 2009 

and stated that “If ARCO wishes to pursue ESBs for sediment metals contamination at the 

Harbor at Hastings site, additional data beyond what was gathered previously would be needed.  

This may include additional data collection during the pre-design phase to refine the metals 

clean up goals using an approach that would be specified as part of the remedy.”  NYSDEC 

suggested that in order to proceed with the MFS, the MFS consider using the ER-M values for 

the purpose of comparing the alternatives and that further data collection could be completed to 

finalize toxicity-based MRGs (as stated in the 12 March 2009 letter).  Based on our 

understanding during discussions with NYSDEC, this approach was applied to the MFS. A 

similar approach has been applied in the RFS (Appendix E describes the scope of work for the 

Toxicity Assessment). 

 

For the RFS, in accordance with the technical presentation given on 7 June 2010, an evaluation 

of background values for metals was performed and is documented in Appendix G. The revised 

background values have been incorporated into the Site-specific Cleanup Levels described in 

Section 4.3 of the RFS. 

 

3. “The following alternatives need to be evaluated for south area sediments and compared with 

the alternatives provided in the MFS. Some of these alternatives were already developed prior 

to this MFS but will require updating for comparison with MFS alternatives. 

 

-  “Alternative 5A from the 2003 PRAP - Complete OU2 remediation (dredging/backfill) 

of contaminated sediments, including sediments beyond 100 feet of the site shoreline 

using the SCGs for Alternative 5A of the 2003 OU2 PRAP.” 

 

RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS as Alternative 9, as described in Section 7.5.9. 

 

-  “Alternative 6A from the 2003 PRAP - Removal of contaminated sediments within the 

100-foot zone using the 2003 PRAP PRGs for metals and PCBs. If the revisions 

required in Comment #2 are properly incorporated and the correct SCGs are used, 

Alternative S-6 should be equivalent to Alternative 6A for the southern portion of the 

site. Removal would be followed by backfill and riverbed restoration. Long-term 

monitoring would be performed for remaining contamination, as discussed below.” 
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RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Site-specific Cleanup Levels are discussed in Section 4.3. Alternative 

8, as described in Section 7.5.8, fulfills the above criteria. 

 

-  “Sediment removal within 100’ limitation/ 10’ depth limitation/ Use of site-specific 

PRG’s / long-term monitoring - Removal of contaminated sediments within 100 feet of 

shore using the 2003 PRAP PRGs for metals and PCBs. Contaminants that exceed the 

PRGs in the upper 10 feet of the sediment column would be removed to a depth which 

would result in no exceedance of PRGs within the upper 10 feet after backfilling. The 

dredged area would then be backfilled, but an engineered cap would not be required. 

Alternative S-3 should be re-designed to provide this scope for the southern portion of 

the site by incorporating the revisions required in Comment #2 and using the correct 

SCGs.”  

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS as Alternatives 4 and 7 and described in Sections 7.5.4 and 7.5.7, 

respectively. 

 

“Note however that the shore protection component of Alternative S-3 cannot add any 

fill to the river as is currently shown at the toe of the slopeback on Figure 19B of the 

MFS.  Additional dredging should be performed and the slopeback reconfigured so that 

the existing bathymetry is maintained and all segments of historic fill are properly 

protected from erosion. A long-term monitoring plan would be necessary due to 

remaining sediment contamination, as discussed below.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Bathymetry is maintained to the extent feasible. Sloped shore 

protection is discussed in Chapter 11 of the RFS. 

 

4.  “The Modified Feasibility Study should develop and evaluate an additional alternative which 

involves constructing a PCB containment and collection area riverward from the shoreline in 

the Northwest Corner in order to manage the high levels of PCB contamination present in areas 

beyond the current bulkhead line in a non-aqueous environment. A similar alternative was 

originally evaluated in the April 2006 “Supplemental Feasibility Study Report for Operable Unit 

No. 2” prepared by Parsons on behalf of ARCO. The purpose of this alternative would be to 

contain PCB DNAPL and high levels of subsurface sediment contamination within sealed 

sheeting and a capped landmass, rather than with a subaqueous cap. This approach may 

provide an opportunity to install and operate additional wells for the NAPL removal system, 

and to monitor the effectiveness of the containment system, thereby providing a higher level of 

long-term effectiveness and reliability than capping high levels of PCB and mobile NAPL 

beneath a subaqueous cap. This approach would be considered a filling of the river and the 

MFS must explore and compare alternative approaches that minimize the encroachment of such 

a containment area into the river. Where filling in the river is unavoidable, the Department will 

require significant mitigation for the impacts to the river and the loss of aquatic habitat. 

Further assessment during design would be necessary to optimize the ability to collect mobile 
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NAPL and minimize the amount of fill into the river, potentially by removing a portion of the toe 

of the rip rap slope before installing the permanent sheeting closer to shore.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS as alternatives that include the Northwest Extension (Alternatives 5, 6, 

7, and 8). The Northwest Extension is first described in Section 6.2.4 in the RFS. 

 

5.  “Section 4.2.1 (Page 20) describes proposed modifications to the northwest area capping 

required by the OU 1 ROD, namely replacing the Part 360 cap with a soil cover. The stated 

justification is that groundwater treatment will be provided by “the groundwater technology 

considered in this MFS”. This technology is later described as the filter media and adsorptive 

layers of the sediment cap system. The Department rejects the concept of groundwater 

treatment” using sorption and isolation layers in the sediment cap, as discussed below. ARCO 

has not demonstrated how the proposed modification to the OU1 ROD would provide an 

equivalent level of protection to the selected OU1 remedy. As a result, the Part 360 cap and 

slurry wall specified in the OU1 ROD to minimize groundwater flow through the long-term 

containment area and consequent discharge of contaminants to the Hudson River should not be 

screened out in the MFS and should be included in all of the alternatives.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS in Chapter 11.   

 

6. “Page 52, Section 6.6.1- This two-sentence handling of SCG compliance is inadequate for a 

feasibility study. This section needs to evaluate compliance with all SCGs, rather than make 

general statements of compliance and limit chemical-specific SCGs to only lead and PCBs. The 

Department notes that the previous feasibility studies developed by ARCO for this site 

(“Feasibility Study Report, Harbor at Hastings Site”, Shaw Environmental and Infrastructure, 

Inc., 2002, and “Supplemental Feasibility Study”, Parsons, 2006) provided a more reasonable 

discussion of SCG compliance. This section should be renamed to “Compliance with Standards, 

Criteria and Guidance”.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.   Note that the format of the MFS had been discussed with NYSDEC 

and as stated in the MFS was a focused feasibility study that did not repeat prior work.  During 

the technical presentations, NYSDEC clarified this comment and requested that information 

covered in the prior feasibility studies should be repeated in the RFS. In Chapter 8 of the RFS, 

each alternative has been evaluated for SCG compliance in a matter more consistent with the 

previous feasibility studies developed by AR. 

 

 “In addition to chemical-specific SCGs, alternatives that involve dredging and/or capping 

within the Hudson River will be evaluated by the Department during remedy selection for 

compliance with regulations, including requirements of 6NYCRR Part 608 governing placement 

of fill in navigable waters. Similarly, Section 6.6.2.1 provides only a cursory evaluation of 

protectiveness of the alternatives, stating essentially that all alternatives provide some 

combination of filters, adsorbent media or vertical barriers to control migration to the Hudson  
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River, and that all alternatives isolate shoreline and sediment contaminants through capping. 

The overall assessment of protection must draw on the assessments conducted under the other 

evaluation criteria, especially long-term effectiveness and permanence, short term effectiveness 

and compliance with ARARs (OSWER Directive 9355.3-01, Section 6.2.3.1). The Department 

believes that alternatives that remove contaminated sediment from the river provide a higher 

level of long-term effectiveness and permanence, comply with ARARs to a greater degree, and 

thereby provide a greater level of protectiveness.” 

  

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS within the analysis of alternatives in Chapter 8.    

 

7. “The Department has several concerns with the “slopeback” alternative recommended by the 

MFS for the southern portion of the site. Because the slope would be cut back into historic fill 

and other site-related contamination, the ability of the slopeback cap/cover to prevent exposure 

to and release of these contaminants is a critical element of the long-term effectiveness of this 

approach. The Department’s experience is that bulkheads that are retrofitted as sloped 

shorelines often require significant armoring to resist scouring, particularly in the flow  

conditions that exist at this site. Surface armoring with the proposed 24-inch stone would not be 

valuable habitat and it is unlikely that the slopeback could achieve the desired habitat 

improvements depicted in the future condition figures. In addition, the slopeback cannot be 

constructed by adding fill to the river as presented in Figures 18B, 19B, 20A, and 20B. The 

Department is also concerned with the short-term impacts associated with exposing this 

material during construction, which are expected to be greater than for the replacement of the 

vertical bulkheads. Because the vertical bulkhead would provide greater long term effectiveness, 

less short term impacts, require no filling of the river, and would enable more removal of 

contaminated sediment from the river, the MFS should rate this approach as being more 

protective than the slopeback approach.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Appendices B and I discuss ability of a sloped cap system to prevent 

exposure to and release of contaminants, including determination of armor sizing.  As discussed 

in Section 2.7.4 of the RFS, solid substrates can provide more valuable habitat than fine-muddy 

substrates.  The proposed design for a sloped shore in the southern portion of the site is 

discussed in Section 11.4.2 of the RFS. 

 

NYSDEC has not provided a definition of what is considered “valuable habitat” and AR again 

requests clarification.  Also, if NYSDEC has specific experiences for similar settings that need 

to be considered in design of a sloped shore, AR would appreciate receiving that information. 

 

Also note that a vertical bulkhead does require filling of the river and may not increase the 

extent of dredging that can be achieved. 

 

 “Along certain portions of the shoreline, where upland soils are well characterized and 

contaminant levels are low, where sediment contamination is sufficiently shallow that it can be 

fully removed under the slopeback option, and where flow conditions would enable a less 
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armored surface, the slopeback approach may provide similar protection. The MFS should 

evaluate whether any portions of the shoreline are more suitable for the slopeback using these 

criteria.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. The sloped shore in the southern portion of the site is discussed in 

Section 11.4.2. Additional information on the sloped cap is found in Appendices B and I. 

 

8.  “Page ii, key conclusion 6, fourth bullet - Liquid PCB DNAPL is present beneath the northwest 

corner of the site and beneath the rip rap slope in the Hudson River. The extent and consistency 

of this material beneath the river has been difficult to determine due to the inability to drill 

through the rip rap from a barge, and significant data gaps exist. BP/ARCO states that DNAPL 

is likely present in portions of the Northwest Containment Area, but release to the river is not 

occurring. The Department does not agree with this statement and views PCB contamination 

near the shoreline as a potential ongoing source to the Hudson River. The recent finding of a 

more fluid form of PCB DNAPL that accumulates relatively quickly in recovery well HAOW12 

raises questions about the MFS’ claim that the DNAPL is in equilibrium under the rip rap 

slope. This concern raises questions about the reliability of capping the Northwest Corner 

sediments using a subaqueous cap with an absorptive layer, which would have limited 

effectiveness on PCB NAPL or highly contaminated pore water associated with NAPL. This 

unsubstantiated conclusion is repeated in Section 7.1, item #6 (pg. 93).” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. 

 

Note that with regards to the potential for a release to the river, the DNAPL is present at the 

interface of the Fill and the Marine Silt which is below the mudline.  There is no mechanism to 

move the DNAPL upward and into the river. As discussed in Section 3.2.2 of the RFS, angled 

borings from OU-1 extending beneath the rip-rap were installed as part of the DNAPL IRM in 

2010.  These borings have not identified any DNAPL that extends westward to the western 

edge of the rip-rap.  The proposed configuration for any sloped shore would install a DNAPL 

barrier, a bulkhead wall designed to mitigate potential migration of DNAPL, and would not 

rely on the cap to contain DNAPL. 

 

Also note that the installation of a recovery well, associated sump and the process of recovery 

is a disturbance of the existing conditions that results in DNAPL flow into the sump. However, 

to our knowledge, this recovery does not indicate that the DNAPL is otherwise flowing.  
 

9.  “Placement of adsorbent barriers at or below the sediment surface should not be retained for 

further consideration. The Department believes that the filter media would not be effective in the 

long term to protect the environment from the likely presence of mobile PCB DNAPL; as such 

barriers are intended to provide treatment to dissolved phase constituents, not act as a barrier 

to NAPL migration. In General Conclusion #5 (pg 93) it is incorrect and misleading to claim 

that this form of “treatment” is more protective than the groundwater containment approach 

specified in the OU1 ROD.” 
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 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Chapter 11 of the RFS discusses groundwater control options for OU-

1.    

 

 Note that we agree that adsorbent media is not appropriate for DNAPL as noted above and was 

not proposed by the MFS.  This concept has been revised in the RFS to address these 

comments.  

   

 Also note that in no case was the MFS intended to mislead.  We understand that NYSDEC does 

not agree that this approach constitutes treatment.  This concept has been revised in the RFS. 

 

10.  “The renaming of one of the contaminated sediment areas as the “Northwest Containment 

Area” (page ii, key conclusion 6 and throughout) is misleading and appears to pre-suppose a 

remedy for that portion of the site. The area in its present condition affords no containment. 

Previous documents have referred to this area as the “Northwest Area”, or “offshore of the 

Northwest Corner”, which the Department will continue to use. The Report should be modified 

to use terminology that is consistent with previous documents, and which does not pre-suppose 

a remedy.” 

 

 RESPONSE: The proposed label for this area was modified, as shown on Figure 2,  to avoid 

confusion with prior documents, since the outline of this area varies from the specific definition 

of the “Northwest Corner” that was established by previous documents.  The common feature 

to alternatives in this area is the containment of the DNAPL, a condition of significant concern 

to NYSDEC and a feature previously not addressed by a remedy.  We regret that our attempt to 

avoid confusion resulted in NYSDEC’s assumption that the intent was to mislead the reader.  

For the RFS, this area is being referred to as the Northwest Off-shore Area.  The names for the 

various Site areas used in the RFS have been discussed throughout the technical sessions. 

 

11.  “The Remedial Action Objectives must include the remedial goals listed in the 2003 PRAP for 

Operable Unit 2 (sediments). These are applicable to the analysis of remedial alternatives and 

should be listed in Section 3.1 and Section 6.1 which discuss the remedial action objectives. 

ARCO’s omission of these RAOs significantly minimizes the environmental protection elements 

of the MFS.”  

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. The remedial goals and remedial action objectives are discussed in 

Chapter 4 of the RFS. 

 

12.  “Alternatives S-3 and S-6 were eliminated based solely upon diminishing reduction in PCB mass 

(pages 88-89). The southern portion of the site also contains elevated metals concentrations in 

sediments which need to be evaluated as a measure of protectiveness. The elimination of the 

southern alternatives by ignoring metals contamination is not protective. The reduction in PCB 

mass is misleading as the sole criterion for evaluating alternatives in the southern part of the 

site. These alternatives should be retained.” 
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 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Chapters 8 and 9 calculations include PCBs, copper and lead in 

evaluating protectiveness.  Mass for other metals besides copper was not estimated due to their 

limited dataset and since copper and lead are the predominant metals with respect to area and 

depth of concentrations that exceed background. 

 

13.  “The alternatives must be modified to include excavation of contaminated soils beneath existing 

concrete slabs as specified in the OU1 ROD. Isolated occurrences under buildings to be 

reserved may be exempted, but widespread areas of subsurface contamination must be 

excavated with building demolition and slab removal as necessary.” 

  

 RESPONSE: Additional details were presented during the technical presentations.  OU-1 

excavation areas exclude only buildings that remain. 

 

14.  “The short term and long term access to and removal of PCB DNAPL should be evaluated for 

each of the alternatives, including the new alternative requested above.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Access to PCB DNAPL is evaluated in Chapter 11 of the RFS. 

 

15.  “LNAPL near Building 57 must be fully removed through excavation for all of the alternatives 

under consideration.” 

 

 LNAPL is discussed in Chapter 11 of the RFS. Note that the LNAPL is expected to be fully 

removed since the OU-1 excavation is required to extend 4-5 feet below the water table in the 

LNAPL area. 

 

16.  “The cost estimates provided in Appendix L need to provide more details to identify the sub 

elements of each alternative. For example, the annual operations and maintenance costs appear 

to underestimate the activities identified. Further documentation of the associated costs will 

enable the Department to better determine whether the overall cost estimates are reasonable.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Details regarding the cost estimates for OU-2 and OU-1 are provided 

in Appendices M and N, respectively.  

 

17.  “The DEC is concerned with the dissolved, particulate and dense non-aqueous phase liquid 

(DNAPL) PCB identified at the site. This contamination represents ongoing sources of PCB to 

the Hudson River. The detailed evaluation of alternatives will need to describe how well the 

each alternative will control these sources as an indicator of long term effectiveness and overall 

protection.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Section 3.4.1 of the RFS discusses the migration potential of PCB 



Appendix A – MFS Comments and Responses 

Revised Feasibility Study Report 

Page 12 

 

 

 

Material at the Site. PCB Material was a factor in developing the alternatives in Chapter 7 and 

the analysis of the alternatives in Chapter 8. 

 

18.  “Long-term monitoring details need to be outlined for each alternative to evaluate the 

performance of the remedy. This program would monitor the effectiveness of each remedial 

alternative in achieving the remedial objectives and goals. The Department believes that, at a 

minimum, the following components of monitoring are applicable to the alternatives under 

consideration: 

 

Capping and slope back alternatives: 

 

 Upland water quality and water elevations to evaluate if the sorbent media are fouled and 

groundwater mounding is occurring. 

 

 Surface and/or pore water of the Hudson River to determine if breakthrough is occurring 

through the cap and/or slopeback. 

 

 Periodic sediment bathymetry measurement to evaluate erosion of the cap or slopeback, stability 

of the submerged embankment, and to identify the need to replace or add sediment to restore 

bathymetry. 

 

 Cap thickness measurements to determine whether the thickness of the habitat layer is being 

maintained above the armor layer. 

 

 Periodic biota and media monitoring in the vicinity of the site and at reference locations to 

evaluate the effectiveness of the remedy and the effect of unremediated contamination. 

 

 Periodic surficial sediment sampling to determine any migration of unremediated sediments and 

re-contamination of the sediment cap. 

 

 Periodic monitoring of restoration plantings and success of any necessary mitigation.   

  

Dredging and/or containment alternatives: 

 

 Upland water quality and water elevations to evaluate whether groundwater mounding is 

occurring. 

 

 Periodic biota and media monitoring in the vicinity of the site and at reference locations to 

evaluate the effect of unremediated contamination. 

 

 Periodic surficial sediment sampling to determine any migration of unremediated sediments. 

 

 Bulkhead stability and corrosion monitoring” 
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“The type and amount of long term monitoring will vary with the levels of contamination that 

remains and the combination of alternatives that are implemented. In general the capping and 

slope back alternatives will have more monitoring to insure their effectiveness as compared to 

alternatives which remove contamination, or which provide more reliable methods of 

containment. The associated costs for this monitoring should be specified in the MFS.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Long term monitoring for each alternative is described in Section 7.5. 

 

1.3 Specific and Editorial Comments 

 

NYSDEC attached a list of Specific and Editorial Comments which are presented and discussed below. 

 

1.  “Page ii, key conclusion 2, third bullet - What is the basis for the following statement: 

“Alternatives which depend on a bulkhead provide no increase in long-term benefit to protection 

of humans and the environment that cannot be achieved by other technologies?”” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS in Sections 6.2.4 and 9.3.  Note that bulkheads and slopes are both 

engineered systems and can be designed to meet the same criteria. 

 

2.  “Page xii - Under the List of Terms, Hot-spot should include copper and other metals 

contamination.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Sediment areas considered for removal in the RFS are generally based 

on copper but include all Site-specific COCs. Note that the term “Hot-spot” is no longer used 

in the RFS. 

 

3.  “Page 6, Section 2.2 Description of Contaminants - Change the last sentence in the third 

paragraph to, The NYSDEC has proposed a site specific cleanup goal of 1ppm for PCB in the 

OU-2 PRAP (NYSDEC, 2003b).” 

  

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Site-specific Cleanup Levels are presented in Section 4.3 of the RFS. 

   

4.  “Page 6, Section 2.2 Description of Contaminants - In the fourth paragraph, the values 

ascribed to copper and lead as soil cleanup objectives are in fact the levels that correspond to 

the OU1 excavation limits in soil. The remainder of copper and lead in OU1 soils are addressed 

in the remedy by the soil cover system or cap. It is therefore incorrect to refer to these levels as 

cleanup objectives or SCGs. Similarly in the table on page 7, the values are not SCGs.” 

 

 RESPONSE: Soil excavation is discussed in Chapter 11 of the RFS. 
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5.  “Page 8, Section 2.2.1.1, Metals - In the last paragraph, it is incorrect to state that copper is 

not a target compound for remediation. It would be correct to say that the excavation limits for 

copper-contaminated soil correspond to the limits defined by lead and PCB contamination, and 

that levels of copper below the excavation criterion are addressed through covering or 

capping.” 

 

 RESPONSE: Soil excavation limits are discussed in Chapter 11 of the RFS. 

 

6.  “Page 9, Section 2.2.2.2 - The third paragraph requires correction. The Department 

established in the OU2 PRAP that “Copper was selected as the representative metal for this 

analysis because it is most associated with operations at the former Anaconda plant, and 

because most site-related metals are co-located with copper.” Copper needs to be retained as a 

target contaminant for remedial action in this section and throughout this MFS, and cannot be 

targeted only where it is co-located with PCBs.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Copper within sediments in the OU-2 portion of the site has been 

retained as a target contaminant for remedial action, as discussed in Section 4.3 of the RFS. 

 

7.  “Page 10, Section 2.2.3.1, second paragraph and first bullet - PCBs are found in groundwater 

samples at concentrations above the New York State groundwater standards in both filtered and 

unfiltered samples. The conclusion that “data suggests that migration of PCBs is not occurring 

in groundwater to the Hudson River due to fluctuations in the tides or groundwater” discharge 

is not supported by the groundwater data. The first bullet’s claim that “a high degree of 

variability exists with the groundwater data” is irrelevant to the conclusion that no discharge is 

occurring, particularly since the entire reported range of variability (0.001 ppm to 0.0091 ppm) 

is greater than the groundwater standard. The Department believes the site represents an 

ongoing source of PCBs to the Hudson River in both dissolved and particulate form based on 

the available data. The OU1 ROD specified containment of the Northwest Corner upland area, 

consisting of watertight sheeting, a slurry wall and an impermeable cap, to minimize this 

discharge. The Department reiterates that the proposed elimination of these components is 

unacceptable.” 

   

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. As note above, there is no data that demonstrates such a discharge is 

occurring.  AR acknowledges the potential for a discharge exists and this has been addressed in 

the groundwater control remedy described in Chapter 11. 

 

8.  “Page 11, Section 2.2.3.2 Metals – The “other metals” referred to in this section should be 

specified. Figure 13B shows only Cu, Pb, and Zn.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Section 3.2.3 describes all metals potentially applicable to the OU-2 

sediments. 

 



Appendix A – MFS Comments and Responses 

Revised Feasibility Study Report 

Page 15 

 

 

 

9.  “Page 12, third bullet under Key findings - The Department disagrees with the finding that 

“DNAPL is primarily located in the Northwest Corner, generally at depths where future human 

or animal contact is unlikely (the Fill-Marine Silt interface).” The Department notes that 

“rubbery material”, which would be described as trace NAPL in current studies, was found in 

the 0-2' interval in locations RB-11, RB-12, RB-21, RB-42 and RB-43, all outside the rip rap 

slope. Also, if the DNAPL is present within the rip rap at the Northwest Corner it is an ongoing 

source to the Hudson River and could be exposing biota to PCBs. This finding should be 

changed to report areas where PCB DNAPL has been detected and remove the inference to 

potential exposure.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS in Sections 3.2.2 and 3.4.  Note that previous reports and the MFS 

distinguish between DNAPL (flowable state) and other physical states of PCB Material which 

are not flowable.  The Trace PCB Material consisted of fine filaments or small blobs of 

material.  

 

10.  “Page 12, last bullet on this page - The Department disagrees with the following statement, 

“The absence of DNAPL indicates that the DNAPL is in equilibrium with respect to potential for 

low westward into the Hudson River.” The potential for movement of PCB DNAPL into the 

Hudson River exists, and lack of sampling information and data, given the difficulty sampling in 

the rip rap area, should be explained to indicate that a potential still exists.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS in Sections 3.2.2 and 3.4. 

 

11.  “Page 14, Section 3.1 Remedial Action Objectives - The remediation goals listed in the OU2 

PRAP (2003) should be added to this section. The sediment RAO needs to be modified. The 

term “animal” should be replaced with “ecological receptors” to read: “eliminate, to the extent 

practicable, exposure of human and ecological receptors to contaminated sediments.”” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Sediment RAOs are listed in Section 4.2.2. 

 

12.  “Page 15 - The List of Applicable Standards, Criteria and Guidance needs to be expanded. See 

Table 2-1 in “Feasibility Study Report, Harbor at Hastings Site” prepared by Shaw 

Environmental and Infrastructure, Inc. (2002).” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. The RFS has reviewed the lists of previously stated applicable SCGs 

and incorporated those which are applicable to the RFS in Chapters 4, 8 and 9. 

 

13.  “Page 16, Top of the page, Under the Containment bullet - The statement, Capping of some 

sediment has occurred by natural processes, especially in deep water should be removed or 

further information should be provided to support this statement. Sediment environments are 

dynamic and erosion, transport, suspension, resuspension and deposition can be occurring 
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simultaneously. A net deposition of sediment does not necessarily mean that shallow sediments 

are not scoured and re-deposited.” 

   

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Note that NYSDEC has documented that much of OU-2 is net 

depositional. A discussion on the depositional nature of the river is presented in Section 2.6.3 

and effects of mudline fluctuation are presented in Section 3.4.2. 

 

14.  “Page 20, Section 4.1.2.2. Results of Preliminary Screening – The report states that “the MFS 

does not re-analyze all previously considered alternatives”. At a minimum, the MFS needs to 

provide a thorough comparison of the previously recommended alternative for OU2 with the 

new alternatives.” 

 

 RESPONSE: As previously noted, the MFS was a focused feasibility study; however, this 

comment has been incorporated in the RFS. In Chapter 6 the RFS has re-screened the 

technologies previously presented to be used in the development of the alternatives in Chapter 

7. 

 

15.  “Page 24, Section 4.3.4, Sediments in deep Water - The third bullet states, a review of the 

bathymetry (see Appendix E) was consistent with previously reported conclusions that natural 

covering of contaminated sediments is occurring by on-going deposition of clean sediments in 

the Site Area. This statement appears to contradict the interpretation (for Northwest Corner) in 

Appendix E which states, the cut to fill ratio indicates that the river is generally depositional 

environment except in the vicinity of the Northwest Containment Area, where scouring has 

occurred, as shown on Figure E-1. The Northwest Corner sediments in deep water have been 

subjected to scour and erosion and will likely continue to be in the future.” 

  

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. The discussion on depositional nature of the sediments is included in 

Section 2.6.3 of the RFS and the Depositional Environments figure within Appendix B. 

 

16.  “Page 25, Section 4.4.1, Mobility of Contaminants in Groundwater - The analysis of PCBs in 

unfiltered groundwater and soil data indicate the Northwest Corner is a source area for mobile 

contamination. LNAPL contamination near Building 57 is also a source area.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Groundwater control is discussed in Section 11.4.4. 

 

17.  “Page 27, Section 4.5.2, Technologies - The Department does not support the following 

statement made in the sixth bullet, “In the more than 60 years since its release, it is believed 

that the DNAPL has reached equilibrium with respect to the potential for westward movement.” 

The Department believes the PCB DNAPL is in a condition along the shoreline which has the 

potential for movement and there are insufficient borings through the submerged rip rap to 

draw definitive conclusions concerning NAPL mobility. PCBs have also been measured in 

surface water and groundwater samples.” 
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 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Further discussion on PCB DNAPL and other PCB Material is 

included in Section 3.2.2 of the RFS. 

 

18.  “Page 27, 4.5.2 Technologies - More detail is needed regarding the elimination of targeted 

offshore dredging as a remediation technology. The phrase “constructability issues” requires 

explanation and reference to the text in this document that specifically discusses targeted 

offshore dredging.” 

  

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Removal technologies are discussed in Section 6.2.5. Section 7.2 also 

discusses technologies to be retained in each OU-2 area. 

 

19.  “Page 30, Section 5.1, Evaluation Criteria should include reference to 6 NYCRR Part 375.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. 

 

20.  “Page 30, Section 5.1 - The first bullet should be changed to Compliance with Standards, 

Criteria and Guidance.” 

   

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. 

 

21.  “Page 36 Section 6.2.2, First Bullet - The depth of LNAPL and contamination in this area 

should be described. The alternatives proposed for the Southern Area near Building 57 may not  

fully address the LNAPL source condition or be equivalent to the selected remedy in the OU 1 

ROD. Two potential options would be able to address this contamination. Removal of the PCB 

LNAPL contamination through excavation or containment and collection of remaining LNAPL 

to reduce inputs to the Hudson River.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Note that the excavation in this area is the same as required by the 

OU-1 ROD and is discussed in Chapter 11.   

 

22.  “Page 36, Section 6.2.2, Tenth Bullet - Because many contaminants exceed their SCGs in the 

southern portion of the site, including lead, copper and PCBs below their excavation criteria, 

removing all contamination greater than SCGs would require removing the landmass. The OU1 

ROD addressed SCG exceedances through a cover system.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Soil excavation is discussed in Chapter 11 of the RFS. 
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23.  “Page 37, Section 6.2.3, Common Elements for Entire Site - Will the 30 foot wide transition 

zone allow future DNAPL collection in the Northwest Corner? DNAPL monitoring and 

collection should be included in post-remediation monitoring and maintenance.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. All alternatives have been assessed for their ability to integrate OU-1 

requirements in Chapter 8.  DNAPL recovery is discussed in Section 11.3.4.  

 

24.  “Page 37, Section 6.2.3 Common Elements for Entire Site, 2nd bullet – In addition to the 

requirements listed, any North (N) area alternatives that involve filling of the Hudson River will 

require mitigation which includes creating new river habitat.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Note that NYSDEC has stated in meetings that it cannot define the 

extent of mitigation and type of habitat until Remedial Design.  The RFS has made assumptions 

for the purpose of comparing alternatives and the alternatives that may require river habitat 

mitigation have been identified in Chapter 8. 

 

25.  “Page 37, Section 6.2.3, Common Elements for Entire Site - The location of the perimeter 

security fence should be described more fully. Is this a temporary fence for security during 

construction or is intended to be a permanent fence? Placement of a fence along the shoreline is 

not advisable because it will be subject to storm surge damage.” 

   

 RESPONSE: The location of the perimeter fence along the shore will vary depending on the 

alternative.  The Remedial Design will include a perimeter fence. 

 

26.  “Page 37, Section 6.2.3, Common Elements for Entire Site - Post-remediation monitoring and 

maintenance will need to be specified. This comment will apply to other MFS sections.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Details are provided for each alternative in Section 7.5. 

 

27.  “Page 37, Section 6.2.3, Common Elements for Entire Site - Institutional Controls would not 

include both deed restrictions and an environmental easement. Because the site is a Class 2 

inactive hazardous waste disposal site, an environmental easement will be required. Replace 

“deed restrictions” with “a Site Management Plan”.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. 

 

28.  “Page 38, Section 6.3.1, Alternative N-2, similar comments as N-1. In addition, if this 

alternative requires tie backs and deadmen they should be described and shown on the figure.” 
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 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Deadmen are shown on plan and section views where they are 

required for the permanent design.  

 

29.  “Page 38, Section 6.3.1, Alternative N-3 May Extend Sheetpile DNAPL barrier into Basal 

Sand. This will be determined during design. What criteria will be used to decide extending the 

DNAPL barrier into the basal sand?” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Geotechnical calculations during Remedial Design will be used to 

determine the depth necessary for the sheetpile DNAPL barrier. 

 

30.  “Page 39, Section 6.3.1, Alternative N-3 - The geotechnical considerations show a feasible 

dredge shape which has a global stability factor of safety of 1.5. This factor of safety is 

applicable to permanent conditions while the proper factor of safety for temporary conditions is 

1.3 as provided in Appendix G. The dredge cut lines and estimates of sediment removal should 

redrawn and recalculated.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Geotechnical discussion on temporary and permanent factor of safety 

is included in Appendix H. 

 

31.  “Page 41, Section 6.3.2, Alternative S-1, second paragraph, last sentence - The filter media 

needs to be specified in the text and shown on Figures 17A and 17B or on an alternative figure. 

A short description of its purpose should be provided.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Section 11.4.4 discusses groundwater control. 

 

32. “Page 41, Section 6.3.2, Alternative S-1, third paragraph - The estimated volume of 

contaminated sediment dredging and soil to achieve the final slope or elevation should be 

provided in the text. Need to see the proposed details of the cross sections for the subaqueous 

cap and shore protection zone. This comment applies to each of the South Alternatives.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Estimated volume of dredged sediment is included for each alternative 

in Chapter 8.  Estimated volume of soil excavated is included in Chapter 11. 

 

33.  “Page 42, Section 6.3.2 - The text states sediment will be dredged where data indicates 

exceedances of SCGs for PCBs or lead. The identified areas should include areas where data 

indicates exceedances of SCGs for copper.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Dredged areas for the RFS were determined based on exceedances of 

the Site-specific Cleanup Levels of any of the Site-specific COCs for sediment. 
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34.  “Page 42, Alternative S-3 - The text suggests that dredging in the southern portion of the site is 

limited to a depth of 10 feet by global stability. The assumptions, factor of safety, and bulkhead 

configuration associated with this limitation must be stated. This seems to be contradicted by 

the 16 foot dredge depth specified in Alternative S-6 (pg 43, top).” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Constructability constraints for removal are discussed in Section 7.3 

and Appendix H of the RFS. 

 

35.  “Page 43, Alternative S-6 (top) - The 16-foot dredge limit for this alternative appears to also be 

limited by stability, but this is not stated or justified. The Department infers this based on 

Figure H12, sample location SD-48, in which sediment is removed to 16', but similar levels of 

contamination in the 16-18' sample remain. This should be explained using the same 

assumptions, factor of safety, and bulkhead configuration requested for Alternative S-3.” 

  

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Constructability constraints for removal are discussed in Section 7.3 

and Appendix H of the RFS. 

 

36.  “Breakthrough calculations need to be provided for all South (S) area sediment capping 

alternatives. Additional information is required to determine concentrations that need to be 

capped and the predicted timeframe for cap effectiveness.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Cap effectiveness is discussed in Appendix I. 

 

37.  “Vegetation needs to be incorporated into the description of the sloped shoreline in alternatives 

S1- S3.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Section 11.4.2 of the RFS discusses proposed modifications to the 

OU-1 ROD for a sloped shore in the southern portion of the Site. 

 

38.  “Page 43, Section 6.4.1, Fourth paragraph - The soil under buildings where contamination is 

present will need to removed consistent with the OU1 Record of Decision. Buildings and other 

structures located in targeted areas targeted for excavation would be demolished and their 

foundations would be removed.” 

 

 RESPONSE: This comment contradicts a previous comment (see comment 13 under Section 

1.2 General Comments above).  Additional details were presented during the technical 

presentations and are incorporated in the RFS. Under Section 1.2, Comment 13 of this 

appendix, NYSDEC stated that areas where buildings are to remain on-Site can be exempted 

from removal. As shown on Figure 32, current proposed excavation extents include existing 

slabs, but not existing buildings (i.e., Building 52). 
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39.  “Page 43, Section 6.4.2, Last paragraph - The sediment hot-spot designation should include 

levels for copper which exceed the SCGs.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. In general, copper has been used in determining the 

containment/dredge extents. 

 

40.  “Page 44, Section 6.4.3, Groundwater - This section needs to be expanded or a table can be 

inserted to show how each alternative addresses containment and treatment of groundwater 

contamination.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Groundwater control is discussed in Chapter 11 of the RFS. 

 

41.  “Page 44, Section 6.4.4, DNAPL - The text states that a DNAPL interim remedial measure will 

be active from implementation to the beginning of remedial construction. Additional 

consideration needs to be incorporated into the Feasibility Study to allow DNAPL recovery after 

the remedial construction where it is feasible. The Department has requested the development 

and implementation of additional interim remedial measures to maximize PCB DNAPL recovery 

in the Northwest Corner and to develop a long-term removal method that is technically 

compatible with the shoreline alternatives under consideration.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. In Chapter8, all alternatives have been assessed for their ability to 

integrate OU-1 requirements, such as potential future DNAPL recovery. 

 

42.  “Page 45, Section 6.5, Constructability Concerns - This section should discuss how the layers 

of the sloped shoreline cap, such as the isolation layer, would be constructed over the existing 

submerged stone embankment in the northwest corner. Related issues are whether any rip rap 

would be removed as part of this installation, and the methods and materials for the bedding 

layer of the cap system. Constructability issues for the southern sloped shoreline include the 

need to control contaminant releases from the historic fill, and the presence of piles along 

portions of this part of the site.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Constructability concerns for each alternative are included in Chapter 

8. Further discussion on sloped cap is provided in Appendices B and I. Southern sloped shore is 

discussed in Section 11.4.2. 

 

43.  “Page 45, Section 6.5, first full paragraph, global stability - The text should reference the 

global stability factor of safety calculations for current conditions (1.0 in the North) and the 

calculations should be provided in Appendix G.” 

 



Appendix A – MFS Comments and Responses 

Revised Feasibility Study Report 

Page 22 

 

 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Geotechnical discussions and supporting calculations are included in 

Appendix H. 

 

44.  “Page 47, Section 6.5.5.1(A), Bullets #1-5 - The referenced conclusions of the 1998 Fluor 

Daniel study addressed PCB solution into groundwater, rather than the immobilization of 

DNAPL, which is the goal of the present evaluation. Similarly, the screening out of ISS in 

previous documents is irrelevant to the fundamentally different use of this technology in the 

present alternative. ARCO has asserted in several documents that PCBs are not dissolving into 

groundwater under current conditions. The Department does not accept this based on site 

monitoring data. It is also inconsistent for ARCO to state that PCB solution is now a potential 

concern for the ISS alternatives. Moreover, dissolved PCBs are not expected to overcome the 

artesian conditions present in the Basal Sands aquifer and flow downward. The purpose of the 

ISS alternative recommended by the Department is to immobilize separate phase PCB, which 

does have a sufficient density to overcome the artesian conditions. Therefore the ROD reference 

and subsequent discussions concerning the leachability of PCB from solidified soils is 

irrelevant.” 

 

 RESPONSE: Based on discussions with NYSDEC during the technical presentations, the ISS 

approach was not retained for further consideration due to Implementability and effectiveness 

issues.  Therefore, this technology proposed by NYSDEC for the MFS was not incorporated in 

the RFS.  

 

45.  “Page 49, Section 6.5.5.1(B), bullet #2 - As discussed above, the goal of ISS in this alternative 

is different than what Fluor Daniel studied in 1998, and the resulting “satisfactory results from 

an environmental perspective” should not be applied to this case. Treatability testing would be 

required to determine the mix of concrete and bentonite that would immobilize PCB DNAPL, yet 

allow sheets to be driven through it.” 

 

 RESPONSE:  See above. 

 

46.  “Page 49, Section 6.5.5.1(B), bullet #4 - Please provide documentation to justify the claim that 

the existing factor of safety for the northwest corner is 1.0.” 

 

 RESPONSE: This analysis was completed as part of the OU-1 50% Design.  Additional details 

were presented during the technical presentations and are incorporated in the RFS.  

Geotechnical discussions and supporting calculations are included in Appendix H. 

 

47.  “Page 50, Top bullet - Reference to leaching tests is not relevant to the goals of this 

alternative.” 

 

 Additional details were presented during the technical presentations and are incorporated in the 

RFS.  This alternative proposed by NYSDEC for the MFS was not incorporated in the RFS, 

based on the discussions with NYSDEC 
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48.  “Page 51, Section 6.5.6 Existing IRM Bulkhead Wall - Include a copy of the global stability 

factor of safety calculation for the IRM wall which should be included in Appendix G. With 

regard to corrosion, the MFS should discuss the feasibility of retrofitting galvanic protection to 

this wall.” 

 

 RESPONSE: All alternatives require removal of this wall at some stage of construction.     

 

49. “Page 52, Section 6.6 Comparative Analysis of Remedial Alternatives - The first paragraph 

needs to include CERCLA Guidance and 6 NYCRR Part 375 for the evaluation factors. TAGM 

4030 is older and may not capture the latest regulations and guidance. The Department 

recommends being consistent with the CERCLA guidance because a portion of the site is located 

within the Hudson River PCB NPL site.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The MFS was presented as a focused study.  NYSDEC has requested 

that the RFS provide a comprehensive discussion.  Discussion of the compliance with SCGs has 

been expanded in Chapters 8 and 9 of the RFS.  

 

50. “Page 52, Section 6.6.1 needs to be expanded to evaluate how each alternative will comply 

with the standards, criteria and guidance. The major issue with this criterion is the PCB and 

metals which may be released into the Hudson River. For each alternative evaluate how it will 

address reducing PCB and metals input to the Hudson River and compare it to the other 

alternatives.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Compliance with SCGs has been expanded in Chapters 8 and 9 of the 

RFS. 

 

51. “Page 52, 6.6.2.1 Protectiveness – This section requires more detail regarding protection of the 

environment. For example, the contaminated site soils and sediments associated with the 

slopeback should be evaluated under this section to describe how the remedy will address 

protectiveness. Will contaminated soils and sediment be exposed by creating the slopeback? 

Also, because there is an extensive area within 100ft of the shoreline where no removal/capping 

is proposed, it seems unlikely that sediment SCGs will be met for copper and lead.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Revised removal and containment extents cover the entire Nearshore 

Area and parts of the Backwater Area, as shown on Figures 8-15. 

 

52.  “Page 53, Section 6.6.3 Short Term Effectiveness - This section needs to be expanded to 

compare the alternatives with the factors in the CERCLA Guidance.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Short term effectiveness and permanence are discussed in Chapters 8 
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and 9 and include risks to the community, risks to workers, and risks to the environment, 

which are the factors in the CERCLA guidance. 

 

53.  “Page 59, Section 6.6.3.2 B. Residuals - This section needs to be more descriptive regarding 

the estimated depth of remaining concentrations for PCBs and metals for the various 

alternatives involving dredging. Some system of decision criteria needs to be developed in the 

design for determining whether “clean-up” passes are necessary. Contrary to statements in this 

section, post-dredging documentation sampling will be required.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Remaining concentrations for PCBs and metals can be seen on the 

figures provided in Appendix D. Section 7.5 includes descriptions on post-dredging 

documentation sampling requirements 

 

54.  “Page 62, Section 6.6.4 Long Term Effectiveness - This section should be renamed Long Term 

Effectiveness and Permanence.” 

 

 RESPONSE: Noted. 

 

55.  “Page 66, Mass Removal (Metals), - This section states that “copper mass removal is primarily 

a function of co-location with either PCBs or lead”. Therefore, only 183 out of 1,060 tons 

would be removed. According to the numbers on page 66, an order of magnitude more copper 

would be left behind in both OU1 and OU2 than any other contaminant. For this reason, 

copper needs to remain a contaminant of concern and must be remediated/excavated based 

upon cleanup concentrations rather than relying solely on collocation with lead, especially in 

OU2.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  As described in Sections 3.2, 3.3 and 4.3, copper is included as a 

Site-specific COC and is used in determination of dredge extents. 

 

56.  “Page 66, DNAPL - The discussion on DNAPL implies each alternative will remove recoverable 

DNAPL. However, the different alternatives as presented may not allow future removal 

depending on the location. This DNAPL would be a remaining source of risk if further removal 

is not performed. The containment of DNAPL is also implied to be implemented while each 

alternative that implies containment has not been compared for its respective long term 

effectiveness and permanence of containing and isolating DNAPL. This evaluation also applies 

to the discussion on groundwater on the same page.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Groundwater and DNAPL are discussed in Chapter 11 of the RFS. 

 

57.  “Page 67, Section 6.6.4.2 - This section should be renamed to Adequacy and Reliability of 

Controls, and revised to discuss the adequacy and reliability of the alternatives to manage 

wastes that remain at the site. This will need to include the type and degree of long-term 
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management required, difficulties and uncertainties associated with long-term monitoring and  

maintenance, potential need for replacement of technical components, and the degree of 

confidence that the controls can manage remaining contamination (OSWER Directive 9355.3-

01, Chapter 6).” 

  

 RESPONSE: DER-10 has been used as the basis for the structure of this RFS.   

 

58.  “Page 67, Section 6.6.4.2 A - The last sentence in this paragraph should be removed. The 

comparison of the approach for brownfields in 6NYCRR Part 375, Part 6 Track 4 is 

inappropriate for this site.” 

 

 RESPONSE: Noted. 

 

59.  “Page 67, Section 6.6.4.2 B - The discussion of shore stability should compare the alternatives 

for their adequacy, reliability and overall protectiveness in managing contamination, not just 

with respect to the NYSDEC 2007 shoreline guidance. As stated above, the surficial stone size 

necessary to resist erosive forces at this site may not provide desirable habitat that is the goal of 

the shoreline guidance.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Due to the Site conditions, the most desirable habitat is not feasible at 

the Site.  The RFS is intended to achieve the most feasible habitat and to consider preferences 

for habitat. 

 

60.  “Page 68, Section 6.6.4.2 D - Alternatives that remove contamination are more reliable than 

alternatives that manage contamination in the long term. Alternatives that rely more extensively 

on capping will require a greater degree of monitoring and maintenance than alternatives that 

remove more contaminants from the ecosystem. The Long Term Monitoring plan needs to 

include sampling for both metals and PCBs to monitor the effectiveness of the remedy in 

achieving the remedial goals, as outlined in the general comments.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Details on Long Term Monitoring are included in the alternatives 

descriptions in Section 7.5. Note that long term and short term impacts should be considered in 

the reliability of an alternative. For example, dredging in the Deepwater Area has significant 

long term and short term impacts due to the lack of effective turbidity control and therefore 

managing the contamination in the long term may be more reliable than removal. 

 

61.  “Page 68, Section 6.6.4.2 E - The discussion of groundwater should compare the various 

alternatives for their adequacy and reliability of controls. We agree with ARCO this is an 

important issue in the Northwest Corner. The portion of the site contaminated with LNAPL 

should also be considered important and deserves mentioning the adequacy and reliability of 

each alternative. The adequacy and reliability of the alternatives should discuss the type and 

degree of long-term management; the requirements for long-term monitoring; the operation and 

maintenance functions, including difficulties and uncertainties; the potential need for 
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replacement; the magnitude of the threats or risks should the remedial action need replacement; 

and the degree of confidence that the controls can adequately handle potential problems.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Groundwater control is discussed in Chapter 11. 

 

62.  “Page 69, Section 6.6.4.2 F - The discussion of DNAPL should compare the alternatives for 

their adequacy and reliability. There are differences between the alternatives which should be 

compared.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  DNAPL is discussed in Section 11.4.5. 

 

63.  “Page 69, Section 6.6.4.3 River Impact, Littoral Zone, and Section 6.6.4.4 River Impact, River 

Volume should be moved to Section 6.6.3 Short Term Effectiveness because these sections 

describe environmental impacts.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Based on our discussions with NYSDEC river impacts have been left 

in the long-term effectiveness and permanence Sections within Chapters 8 and 9 due to the fact 

that these are permanent changes to the river. Habitat disturbance is discussed under short-term 

impacts and effectiveness. 

 

64.  “Page 71, Section 6.6.5 - There appears to be emphasis on the potential mobilization of PCB 

contaminants into the Basal Sand aquifer. While this potential exists there is also the potential 

ongoing PCB migration into the Hudson River as a DNAPL. There is ongoing PCB migration in 

the dissolved and particulate phase which is also an important consideration.” 

 

 RESPONSE: Additional details regarding potential migration were presented during the 

technical presentations and are incorporated in the RFS.  Mobilization and migration of PCBs is 

discussed in Section 11.4.4 of the RFS. 

 

65.  “Page 71, Section 6.6.5 Reduction of Toxicity, Mobility, or Volume through Treatment – The 

bulleted summary list needs to discuss how the alternatives address metals in sediments.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The discussions in Chapters 8 and 9 of the RFS on this topic include 

metals in sediment. 

 

66.  “Page 72, Section 6.6.6 Implementability - This section should include discussions of the 

reliability of the technology; ease of undertaking additional remedial actions, if necessary; and 

the ability to monitor the effectiveness of the remedy.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  These topics are included in Chapters 8 and 9 of the RFS. 
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67.  “Page 72, Section 6.6.6.1 - The last paragraph on the page needs to be modified. The 

alternatives may need to continue PCB LNAPL and DNAPL recovery past the construction 

phase. Therefore long term recovery of LNAPL and DNAPL will likely need to continue if they 

are not removed.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  LNAPL and DNAPL are discussed in Sections 11.3.4 and 11.3.5. 

 

68.  “Page 73, Section 6.6.6.2 - Administrative Feasibility The section on Compliance with 

Applicable Regulations belongs in Section 6.6.1 Compliance with Standards, Criteria, and 

Guidance. Administrative feasibility should address coordination with other agencies and the 

expected ability to obtain necessary approvals.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The RFS has followed this framework within Chapters 8 and 9. 

 

69.  “Page 74, 6.6.6.2A. Subsection 6 - See comment 11 above. Placement of adsorbent media in 

sediments is not an acceptable means to control migration of contaminants due to the potential 

of PCB DNAPL.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Groundwater control is discussed in Section 11.4.4 of the RFS. 

 

70.  “Page 74, 6.6.6.2A. Subsection 7 - This RAO needs to state, “eliminate, to the extent 

practicable, exposure of ecological receptors to contaminated sediments.” The placement of a 

cap over only sediment hot-spots is not a protective sediment remedy and does not achieve the 

RAO. As stated earlier, contaminated sediments in the south area need to be remediated based 

upon ecological criteria.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  RAOs and Site-specific Cleanup Levels for OU-2 sediments are 

described in Chapter 4 of the RFS. The ability of the alternatives to meet the RAOs is discussed 

in Chapter 8. 

 

71.  “Page 74, Section 6.6.6.2B Comparison with OU-1 ROD - The MFS should include a similar 

section titled “Comparison with OU-2 PRAP”. This document needs to make clear the 

differences between the 2003 OU-2 proposed remedy and the currently proposed OU-2 

alternatives, and the reason for those differences.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The NYSDEC has stated their preference that the RFS be an all-

encompassing document, therefore the RFS does not highlight the differences between the OU-

2 PRAP recommended remedy and currently proposed alternatives. 
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72.  “Page 80, Sequence - Does the demo offshore include removing the rip rap at the Northwest 

Corner and placement of a bedding material for the cap system?” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Specific details for each alternative are provided in Sections 7.5. 

 

73.  “Page 82, last bullet - What is the berm in OU1?” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The “berm” referred to the subaqueous berm necessary for stability 

of the bulkhead wall in the Northwest Corner area. Although the berm would be located in OU-

2, the purpose of the berm was OU-1 related. As described in Section 7.2.4, this berm is not 

retained in the RFS comprehensive OU-2 alternatives. 

 

74.  “Page 91, 6.7.3 Historical Comparison to 2003 PRAP (OU-2) - Modification of this table and 

the associated notes are required as follows: 

 

Silt curtain limitations” are given as the reason for a recalculation of dredge quantity from the 

OU-2 PRAP. The same constraints associated with silt curtains were used in both the 2003 

PRAP and this MFS, therefore, adjustment of dredge quantity estimates in the OU-2 PRAP is 

not warranted.” 

 

RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Note that contamination extents have been reviewed and updated as 

described in Section 3.3 and the dredge quantities in Chapter 8 have now been updated based 

on the new contamination extents shown in Appendix C. Silt curtain limitations are described in 

Sections 6.2.5.2. 

 

“The phrase “new sediment quality data” is used as a reason for a large reduction in dredge 

volume. Since no new data is referenced, the above phrase needs to be removed. It seems 

dramatic reductions in remediation of south area sediments are being masked by their 

combination with modifications to northwest corner alternatives. An additional table needs to be 

included which compares only OU2 south area alternatives in the MFS to the south area 

alternatives in the 2003 PRAP. The volumes of all contaminants (i.e. PCBs and metals 

including copper) identified in the OU2 PRAP need to be included in the new table.” 

 

RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Sediment data collected at the Site is provided in Appendix D for the 

Site-specific COCs PCBs, copper, lead, and zinc. This data was reviewed and used to update 

the previously delineated extents of contamination. A discussion on the technique used to 

update contamination extents is discussed in Section 3.3 of the RFS. Dredge areas are depicted 

on Figures 8-15. Dredge volumes were broken down by OU-2 area and are provided for each 

alternative in Chapter 8. 
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“The dredge quantity estimates for sediments needs to be considered separately from soils 

removed to create a sloped shoreline. Clarifications on page 91 and throughout this document 

are required.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Dredge quantity estimates are included in Chapter 8 for each 

alternative. Soils removed as part of a sloped shore are discussed in Sections 11.3 and 11.5 of 

the RFS. 

 

75.  “Figure 11B - How was the site specific sediment criteria for lead (2160 mg/kg) determined? 

Previously considered contaminants such as copper need to be included in the analysis of 

alternatives. The site specific criteria for lead and copper in sediments should be 97.7 ppm and 

88.7 ppm, respectively which were developed for the 2003 PRAP.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Revised background concentration values were determined as 

described in Appendix G and used to develop the Site-specific Cleanup Levels identified in 

Section 4.3. 

 

76.  “Figures 8A - 9B and Appendix A – Please clarify what criteria were used for selecting “hot 

spots”. According to Appendix A, it appears that highly contaminated sediments would be 

removed in some locations but will remain in others.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Removal areas for OU-2 sediments are discussed in the RFS in 

Sections 3.3 and 7.2 and shown on Figures 8-15 for each alternative. 

 

77.  “Figures 8A - 9B and Appendix H – The basis of determining removal depths within hot spots 

needs to be stated clearly in the report. For example, why do removal depths vary between 

alternatives S-3 and S-6?” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  Removal depths for OU-2 sediments are discussed in Section 7.5 of 

the RFS.  

 

78.  “Appendix K - Expand the appendix to include calculations of metals mass contamination for 

both lead and copper.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Mass calculations for copper and lead have been included in Appendix 

J and are included in Chapter 8 and 9. 

 

79. “Page 5, Appendix L - Post-excavation and post-dredge confirmation sampling costs need to be 

included.” 
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 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The above mentioned costs are included in Appendices M and N.   

 

80.  “Page 5, Appendix L - The fourth bullet under Earthwork and Dredging will need to include 

resuspension monitoring for PCBs, metals and total suspended solids.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The above mentioned costs are included Appendix M. 

 

81.  “Page 8, Appendix L - Provide a description of the annual absorbent media replacement.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS.  The above mentioned costs are included in Appendix N.  Description 

of the groundwater control technology is included in Section 11.4.4 of the RFS. 

 

82.  “Table L2 - The thickness of the various layers used in the cost estimates needs to be provided.” 

 

 RESPONSE: Additional details were presented during the technical presentations and are 

incorporated in the RFS. Layer thicknesses are included, where appropriate, in Section 7.5. 
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������ ��'(,(� 729-*(,�2..-,+*)+(� +')+�(<(4�;'(4�5):25-5�<).-(,�17� ,'()*� ,+*(,,� )*(�8).8-.)+(0
� +'(
5)942+-0(�17�+'(�,'()*�,+*(,,�7.-8+-)+(,�0*)5)+28)../�1<(*�+'(�+20).�8/8.(���"29-*(,�=�)40���).,1�,'1;
4()*�61++15�<(.182+/�2471*5)+214�� ��002+214).�02,3.)/,�17�4()*�61++15�<(.182+2(,�)*(�3*1<20(0�24�)
3*16)62.2+/�71*5)+�24�"29-*(,�#� +'*1-9'����;'28'�)*(�)4).191-,�24�71*5)+� +1�"29-*(,��� +'*1-9'� 
0(,8*26(0� )61<(�� � �1� 1-*� D41;.(09(
� +'(� 4()*(,+� ���&� ;'28'� 81..(8+,� <(.182+/� 5(),-*(5(4+,
814+24-1-,./�2,�5)24+)24(0�6/�+'(���%��)+�&1-9'D((3,2(����(�6(.2(<(�+'(�<(.182+2(,�8).8-.)+(0�6/
+'(��/0*1�-).�510(.�24� +'(� <28242+/� 17� +'(� ,2+(� )*(�51*(� )33*13*2)+(� 71*� ,2+(� 0(82,214,� )40� )*(
,252.)*�24�5)942+-0(� +1����&�5(),-*(5(4+,�5)0(�3*1:25).�+1� +'(�,2+(�24�+'(�7)..�17������� ��'(
�/0*1�-).�<(.182+/�8).8-.)+214,�)*(�3*(,(4+(0�71*�+'(�61++15���A�17�+'(�;)+(*�81.-54�*)+'(*�+')4
+1+).�0(3+'�)<(*)9(,�����������
��
�/0*1�-).E,�24+(*3*(+)+214�17�+'(�,'()*�,+*(,,�*(,-.+,�2,�+')+�+'(��-0,14��2<(*�3*1:25).�+1��),+249�
14��-0,14
�(;��1*D��2,�)�*(9214�17�7*(@-(4+�*(,-,3(4,214�17�+'(�61++15�,-6,+*)+(����.1,(*�+1�+'(
,'1*(.24(�)40�+'(�3*1F(8+�,2+(�+')4�*(,1.<(0�6/�+'(��/0*1�-).�510(.�9*20�>2�(�
��B��17�+'(�02,+)48(
)8*1,,� +'(� �2<(*?
� ,'()*� ,+*(,,�2,�.2D(./� +1�6(� ,15(;')+� 0277(*(4+� +')4� +'(�8).8-.)+214,� 3*(,(4+(0
'(*(24�� ��7� +'(��-0,14��2<(*�4()*��),+249�14��-0,14�;(*(�(4+2*(./� 7.)+� 7*15�6)4D� +1�6)4D
� +'(
,'()*� ,+*(,,(,�;2+'24����� 7+�17� ,'1*(.24(�;1-.0�6(�<(*/� ,252.)*� +1� +'1,(�8).8-.)+(0� 71*� �B��17� +'(
02,+)48(� )8*1,,� +'(� �2<(*G� '1;(<(*
� 92<(4� +')+� +'(� �2<(*� 6(0� '),� ,15(� 0(9*((� 17� ,.13(� 7*15
,'1*(.24(�+1�8')44(.
�,'()*�,+*(,,(,�;2..�6(�0277(*(4+�>3*16)6./�.1;(*?�8.1,(*�+1�+'(�,'1*(.24(����(,-.+,
3*(,(4+(0� 71*� �B��17� +'(�;20+'� 17� +'(��2<(*� 3*1:25).� +1� +'(� ,2+(� ,'1-.0�6(�-,(7-.� 71*�61-40249
0(82,214,�*(.)+2<(�+1�+'(�*(5(02)+214�17�+'(�,2+(�3(*+)24249�+1�,(.(8+214�17�8)33249�5)+(*2).,�)40�1*
+'(�0(,294�17�0(<28(,
�,-8'�),�,2.+�8-*+)24,
�;'28'�524252C(�+'(�,3*()0�17�61++15�5)+(*2).�02,+-*6(0
0-*249�0*(09249�

�240��<(4+,�)40��29'��'()*��+*(,,(,
�'(4�)�,+*149�)+51,3'(*28�7*14+�>2�(�
�)�.1;�3*(,,-*(�,/,+(5?�3),,(,�+'*1-9'�+'(�(;��1*DB(;
�(*,(/� �)*61*� �,+-)*/� )*()
� 81),+).� )*(),� (:3(*2(48(� -4-,-)../� '29'� 1*� .1;� ;)+(*� 81402+214,� 24
)002+214�+1�+'(�-,-).��02-*4).�>+;28(�0)2./?�'29'�)40�.1;�;)+(*�8)-,(0�6/�),+*141528).�+20(,����+*149
)40�3(*,2,+(4+�41*+'(),+(*./�;240,�3-,'�177,'1*(�18()4�;)+(*�14,'1*(�6/��D5)4�0*27+
� )�3'/,28).
3'(415(414� 8)-,(0� 6/� +'(� �1*21..2,� 71*8(� 0-(� +1� +'(� �)*+'E,� *1+)+214�� �-8'� 81402+214,� 8)-,(
7.110249�24,20(�(;��1*D��)*61*�)40�-3,+*()5�)*(),����.,1
�-40(*�+'(,(�81402+214,
�;)+(*�24�	149
�,.)40��1-40�;1-.0�32.(�-3�)+�+'(�;(,+(*4�(40�17�	149��,.)40��1-40
�)40�;1-.0�7.1;�24+1�+'(�(;
�1*DB(;� �(*,(/��)*61*��,+-)*/� +'*1-9'� +'(��),+� )40��)*.(5��2<(*,�� ��14<(*,(./
� ,+*149� )40
3(*,2,+(4+� ;(,+(*./� )40� 41*+';(,+(*./� ;240,� 3-,'� 81),+).� ;)+(*� 177,'1*(� 8)-,249� .1;(*� ;)+(*
(.(<)+214,� 24,20(� +'(� (;� �1*DB(;� �(*,(/� � �)*61*� �,+-)*/�� � �'(4� +'(,(� 8')49(,� 24� ;)+(*
(.(<)+214,�>(2+'(*�'29'�1*�.1;?�0-(�+1�;240,�8124820(�;2+'�(2+'(*�'29'�1*�.1;�+20(,
�+'(�(:+*)�<1.-5(
17� ;)+(*� 815249� 24B.()<249� +'(� (;� �1*DB(;� �(*,(/� �)*61*� �,+-)*/� 8)4� 248*(),(� 8-**(4+
<(.182+2(,
� '29'(*� +')4� 41*5)../� 16,(*<(0�� � �48*(),(0� 8-**(4+� <(.182+2(,� 3*10-8(� 248*(),(0� 4()*
61++15�,'()*�,+*(,,(,�

�4� �)4-)*/� ��
� ����
� +'(� 0)+(� 71*� ;'28'� '29'(,+� ,'()*� ,+*(,,(,� ;(*(�8).8-.)+(0�6/��/0*1�-).E,
510(.
�+'(�(;��1*DB(;��(*,(/��)*61*��,+-)*/��(:3(*2(48(0�)�41*+'(),+(*./�;240�(<(4+���"29-*(
��� 02,3.)/,� +'(� 5(+(1*1.1928).� 0)+)� 16,(*<(0� )+� �"$� �4+(*4)+214).� �2*31*+� 0-*249� +'(� 514+'� 17
�)4-)*/���������'(�3.1+�24028)+(,�+')+�)*1-40��)/�����+'*1-9'�0)/���#�>�)4-)*/�����!?�;240�;),
).+(*4)+249�41*+';(,+(*./�41*+'(),+(*./�;2+'�*(.)+2<(./�,+*149�,3((0�>H���5B,(8�1*����D41+,?���"29-*(
���,'1;,� +'(�.1;�3),,(0�>2�(�
� +'(�+20).�815314(4+�17� +'(�(.(<)+214,�2,�*(51<(0?�(.(<)+214,�)+� +'(
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�)++(*/�4()*�+'(�8147.-(48(�17�+'(��),+��2<(*�)40��33(*�(;��1*D��)/
�)+��2..(+,�&124+�24�+'(��),+
�2<(*
� )40� )+��(*9(4�&124+�24� +'(�$2..�<)4�$-..���'(�3.1+� ,'1;,� +'(�16,(*<(0� >01++(0�.24(,?� )40
510(.�8153-+(0�(.(<)+214,� 7*15��8+16(*� �!!!� +1��(3+(56(*� ������ � �4� �)4-)*/� ����� >;'28'�2,
'29'.29'+(0�6/�)�81.1*(0�61:?
�+'(�.1;�7*(@-(48/�(.(<)+214,�24�+'(��)*61*�,'1;�,2942728)4+�248*(),(,
)40�0(8*(),(,�24�)�*(.)+2<(./�,'1*+�3(*210�17�+25(�� � ��'2,�24028)+(,� +')+�;240�6*1-9'+�(:8(,,�;)+(*
24+1� +'(� �)*61*� )40� ).,1� 3-,'(0� ;)+(*� 1-+� 17� +'(� �)*61*� 24� )� *(.)+2<(./� ,'1*+� 3(*210� 17� +25(�
�-*249� ,-8'� )� 3(*210
� 8-**(4+� <(.182+2(,� ;2+'24� +'(��)*61*� ,/,+(5� ;1-.0�6(�5-8'�9*()+(*� +')4
41*5).�+20).�8-**(4+,����'(�9*()+(*�8-**(4+�<(.182+2(,�;1-.0�3*10-8(�9*()+(*�61++15�,'()*�,+*(,,(,�),
*(31*+(0�)61<(�71*��)4-)*/���
�����
��(8(56(*���
�����
�)40�1<(56(*��
��!!���

�'()*��+*(,,��).8-.)+214��(+'10
�1++15�,'()*�,+*(,,�>�61++15?�;),�8).8-.)+(0�02*(8+./�7*15�'/0*10/4)528�7.1;�72(.0,�)40�+'(�61++15
*1-9'4(,,�),�
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u
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= =* *

2

;'(*(���2,� +'(� 7.-20�0(4,2+/
�-I�2,� +'(�,'()*�<(.182+/
�-�2,� +'(�24,+)4+)4(1-,�<(.182+/�24�+'(�61++15
;)+(*�81.-54�.)/(*
���2,�+'(�<14�$)*5(4�814,+)4+
�C�2,� +'(�02,+)48(�7*15�+'(�61++15�+1�+'(�520�
0(3+'�17�+'(�61++15�;)+(*�81.-54�.)/(*
�)40�C1�2,�+'(�*1-9'4(,,�'(29'+�71*�,D24�7*28+214�

"1*�510(.�9*20�8(..,�')<249�61+'�.1492+-024).�)40�.)+(*).�815314(4+,�17�<(.182+/
�,-8'�),�+'(�510(.
9*20�8(..�3*1:25).�+1�+'(��),+249�14��-0,14�,2+(
�+'(�61++15�,'()*�2,�8).8-.)+(0�),�)4�)(*2).�)<(*)9(�
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;'(*(��,�2,�+'(�*(,-,3(4,214�7.-:�*)+(�24�>59B85�B'*?
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��61++15�2,�+'(�61++15
,'()*� ,+*(,,� >0/4(,B85�?
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242+2)+(�*(,-,3(4,214�17�,(025(4+
�)40�4�2,�)�72++249�81(77282(4+����).-(,�17�4�24�+'(�*)49(�17�����')<(
+/328)../� 6((4� -,(0� 71*� 7*(,';)+(*� )33.28)+214,�� � �4� 5)*24(� ,/,+(5,
� +'(� (:314(4+� 4� 2,� 51*(
815514./�,(+�+1���

�48*(),249��8*2+28).� <).-(,�188-*�6),(0�14� ,(025(4+�3*13(*+2(,� >(�9�
� 3)*+28.(� ,2C(?
� 0(31,2+214� )9(�1*
814,1.20)+214� (77(8+,
� )40� 0(3+'� 24� +'(� ,(025(4+� 6(0�� � �4� +'(� �-0,14� �2<(*
� ,(025(4+,� )*(
814+24-)../� *(;1*D(0� 6/� +20).� *(,-,3(4,214� )40� *(0(31,2+214� ,1� +')+� 0(31,2+214� )9(� 5)/� 6(�.(,,
2531*+)4+�+')4�24�*2<(*24(�,/,+(5,����4�)�*(5(02).�814+(:+
�5)+(*2).,�71*�,(025(4+�8)3,
�71*�(:)53.(

)*(�,(.(8+(0��+1�5):252C(��8*2+28).�)40�+'(*(71*(�524252C(�1*�3*(8.-0(�*(,-,3(4,214�

�/0*10/4)528�".1;�"2(.0��).8-.)+214
�'(� '/0*10/4)528� 7.1;� 72(.0,� -,(0� +1� 8).8-.)+(� +'(� ,'()*� ,+*(,,� *(,-.+,� 0(,8*26(0� )61<(� ;(*(
8).8-.)+(0�6/�+'(�'/0*10/4)528�510(.�-,(0�71*�+'(��14+)524)4+��,,(,,5(4+�)40��(0-8+214�&*1F(8+
>���&?�;'28'�2,�,314,1*(0�+'*1-9'�+'(��-0,14��2<(*�"1-40)+214�6/�+'(�&1*+��-+'1*2+/�17�(;
)40�(;��(*,(/
�+'(�(;��(*,(/��7728(�17��)*2+25(��(,1-*8(,
�+'(������
�)40�+'(�(;��(*,(/
�(3)*+5(4+� 17� �4<2*145(4+).� &*1+(8+214>���&?�� � �3(82728)../� 71*� ���&
� +'(� '/0*10/4)528
510(.�;),� )33.2(0� 71*� +'(� 71-*�;)+(*�/()*,�6(9244249�24��8+16(*��!!#�)40�(40249�24��(3+(56(*
���������*(31*+�0(,8*26249�)�,D2..�),,(,,5(4+�>2�(�
�510(.�)40�0)+)�8153)*2,14,?�17�+'(�)33.28)+214�17
+'(� ���&� '/0*10/4)528� 510(.� +1� +'(� �8+16(*� �!!#� +'*1-9'� �(3+(56(*� ����� 3(*210� 2,� 24
3*(3)*)+214��

�'(� '/0*10/4)528� 510(.� )33.2(0� 71*� +'(� ���&� 510(.� 2,� +'(� 8).26*)+(0
� <).20)+(0
� )40� 3((*�
*(<2(;(0� '/0*10/4)528� 510(.� 253.(5(4+(0� 6/� �/0*1�-).� ),� 3)*+� 17� +'(� �/,+(5��20(
�-+*13'28)+214��10(.�>����?�;'28'�'),�6((4�-,(0�(:+(4,2<(./�6/�+'(�(;��1*D��2+/��(3)*+5(4+
17��4<2*145(4+).�&*1+(8+214� >����&?� )40� +'(��B���)*61*��,+-)*/�&*19*)5� >��&?�� ��'(
�����'/0*10/4)528�510(.�;),�8).26*)+(0�)40�<).20)+(0�)9)24,+�16,(*<(0�3'/,28).�18()419*)3'28
0)+)� 81..(8+(0� 0-*249� +;1� 7-..� )44-).� 8/8.(,
� +'(� ��� 514+'� 3(*210,� 7*15� �8+16(*� �
� �!!�� +1
�(3+(56(*� ��
� �!! � )40� 7*15� �8+16(*� �
� �!##� +1� �(3+(56(*� ��
� �!#!�� � �'(� 0(<(.135(4+

8).26*)+214
�)40�<).20)+214�17�+'(������'/0*10/4)528�510(.�)*(�0(,8*26(0�24�0(+)2.�24�)�,(*2(,�17
+(8'428).�*(31*+�3*(3)*(0�6/��/0*1�-).�71*�����&�

�'(�3((*�*(<2(;�3*18(,,�71*�+'(������'/0*10/4)528�510(.�0(<(.135(4+�)40�)33.28)+214�248.-0(,
61+'�1<(*,29'+�6/�,(<(*).�510(.249�(<).-)+214�9*1-3,�>��%,?�)40�3-6.28)+214�24�+'(�3((*�*(<2(;(0
.2+(*)+-*(�� �����%�;2+'� ,2:�5(56(*,�;),�814<(4(0�24��!!��6/���&�� ��'2,���%�5(+�14� +'*((
188),214,� )40� 3*1<20(0�8153*('(4,2<(� *(<2(;� 17� +'(� 0(<(.135(4+� 17� +'(������'/0*10/4)528
510(.�)40�+'(�,-331*+249�3'/,28).�18()419*)3'/�72(.0�3*19*)5�),�;(..�),�+'(�242+2).�8).26*)+214�17
+'(�'/0*10/4)528�510(.�24�+'(��)*61*�31*+214�17�+'(�510(.�015)24����4��!!�
�)�,(8140���%�;),
814<(4(0� 6/� ��&� ;'28'� 814,2,+(0� 17� 71-*� 5(56(*,�� � �'2,� ��%� 5(+� 14� 71-*� 188),214,� )40
3*1<20(0�8153*('(4,2<(�*(<2(;�17�+'(�8).26*)+214B<).20)+214�17�+'(�'/0*10/4)528�510(.�24�����
1<(*� +'(�(4+2*(� ,3)+2).�015)24�� ��� +'2*0���%�;),�814<(4(0�6/� +'(�F124+���&� )40�	149��,.)40
�1-40��+-0/�-+*2(4+��1*D�%*1-3,� 24� �!!!�� � �'2,���%�5(+� 14� 71-*� 188),214,� )40� 3*1<20(0
0(+)2.(0�*(<2(;�17�+'(�724).�'/0*10/4)528,����4�)..�+'*((�8),(,
�+'(���%,�).,1�(<).-)+(0�+'(�����
;)+(*�@-).2+/�510(.�)40�+'(�815624(0�,-2+)62.2+/�17�+'(�'/0*10/4)528�)40�;)+(*�@-).2+/�510(.,�71*
)33.28)+214�+1�)00*(,,�4-+*2(4+�5)4)9(5(4+�)8+214,�

�(<(*).���%�5(56(*,� ;(*(�24<1.<(0�;2+'� )..� +'*((� 3'),(,� 17� +'(���%� *(<2(;� 17������� � �
8153.(+(�.2,+�17��������%�5(56(*,�248.-0(,���16(*+��'15)44
��14).0�&*2+8')*0
��1'4�&)-.

�1'4� �E�(2../
� �)5� �)24;*29'+
� �).(� �)20<19(.
� �)/� �)7+
� &(+(*� �)52.+14
� �'*2,� �8'*24
� )40
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�')*.(,� �);/(*�� � �1*(� +')4� J� �
������� ;),� ,3(4+� 14� 814<(4249� ��%
� 3*(3)*249� +(8'428).
3*(,(4+)+214,� 71*���%�(<).-)+214
� *(,3140249� +1� ;*2++(4�8155(4+,� 7*15���%
� )40�51027/249
�����+1�+'(�,)+2,7)8+214�17���%�

�'(�'/0*10/4)528�510(.�-,(0�71*�8153-+249������+*)4,31*+�'),�).,1�6((4�0(,8*26(0�24�)�3((*�
*(<2(;(0�3)3(*� >�.-56(*9�(+� ).�
� �!!!?�24� +'(� �1-*4).�17��/0*)-.28��4924((*249�17� +'(��5(*28)4
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Figure 1.  Former Anaconda site relative to HydroQual’s model grid.
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Figure 2.  Shear stress calculations across six water years on an arithmetic scale
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Figure 12.  Presentation of January 2000 Wind Conditions in New York/New Jersey Harbor
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Figure 13.  Calculated and Observed Water Elevations in the New York/New Jersey Harbor Estuary During
January 2000.
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This appendix outlines the steps taken to calculate preliminary wind-generated wave heights and to use 
those wave heights to perform preliminary rip-rap sizing calculations.  The Coastal Engineering Manual 
(CEM) Part II, July 2003 was used as a design guideline for wave prediction and rip-rap sizing.  
Included in this appendix are the assumptions, methods, and selection of variables for wind data 
interpretation, wave height calculation, and rip-rap sizing calculations. 
 
Wind Data Interpretation 
 
Wind data was gathered from different sources to develop reasonable wind conditions with which to 
calculate wave height.  Prominent wind directions were established by examining wind rose plots 
produced by the Natural Resources Conservation Service (NRCS) Station #94728 – New York, NY).  
NRCS produced monthly wind rose plots which display wind direction and speed as a percentage of 
each month’s time.  The plots contain data spanning from 1961 to 1990.  Wind speeds were taken from 
the New York State Building Code: Section 1609 – Wind Loads.  See Attachment B.3-1 for the 
complete set of wind rose plots and Building Code wind data. 
 
Wind Direction 
 
The 12 monthly wind rose plots were analyzed to determine prevailing wind direction.  Due to the 
site’s location on the eastern side of the Hudson River (where the Hudson runs within approximately 10 
degrees of true north-south orientation), winds from the eastern 180 degree segment of the wind rose 
(NNE, NE, ENE, E, ESE, SE, and SSE) were not selected as viable design options.  As the site is 
situated on the eastern bank of the Hudson River, winds from these directions would generate waves in 
directions traveling away from the shore protection, thus not posing a threat to the shore protection.  
Wind directions from the western 180 degree segment of the wind rose were retained as possibilities for 
wave generating winds (N, NNW, NW, WNW, W, WSW, SW, SSW, S), as the waves resulting from 
these wind directions would travel toward the shore protection. 
 
Within the segment of retained wind directions, the wind directions to which each site area was 
susceptible were determined.  For example, the north shore protection alternatives appear to be most 
susceptible to a wave from the W.  However, the north alternatives are also susceptible to waves from 
the NW or SW, and waves from the NW or SW would be larger considering the longer fetch (length of 
water across which the wind blows) associated with these directions.  Additional analysis of the impact 
of wave approach angle on wave height should be included in the design phase of the project.  Table 
B.3-1 presents the site areas and general wind/wave directions which were analyzed for each site area.  
Once the wind directions were chosen for further evaluation, fetch lengths were determined for each 
wind direction by using the ruler tool in Google Earth (see Attachment B.3-1). 
 
Wind Speed 
 
Wind speed was taken from the 2010 Building Code of New York State Chapter 16; Section 1609 – 
Wind Loads.  The Building Code gives wind speeds used for the purposes of structural design.  Speeds 
are given as 3-second gust values, which can be converted to fastest-mile speeds with a chart presented 
in Section 1609.  For the purposes of wave generation, the fastest-mile speeds were used, as 3-second 
gusts lack the duration to generate waves that are predictable using the CEM methodology and are not 
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representative of wave-generating wind conditions.  Based on the wind speed map and conversion 
chart, the fastest-mile wind speed at the site is 80 mph or 35.8 m/s.  See Attachment B.3-1 for the wind 
map and conversion chart used for wind speed selection. 
 
Wave Height Calculation 
 
Wave height calculations were performed according to the CEM Part II Chapter 2, specifically, Wave 
Prediction in Simple Situations.  The purpose of this section, as stated in the CEM, is to “estimate 
wave conditions for preliminary considerations in project designs.”  The CEM presents a wave 
prediction method in the form of equations and nomograms.  Proceeding with this method, there are 
several assumptions that form the basis for simplified wave prediction: 
 

1) Simplified wave prediction can be used to accurately estimate 3 situations: 
a. Fetch-limited values:  This occurs when a wind blows at constant speed and direction 

over a given fetch for a long enough duration for waves to achieve steady-state, fetch 
limited values. 

b. Duration-limited values:  A rare condition in nature, this occurs when a wind increases 
very quickly through time in an area without close boundaries. 

c. Fully developed values:  These values, calculated with an equation, represent the upper 
limit of wave heights for certain design considerations. 

2) Wave height grows with increased fetch.  (The equations associated with this assumption were 
used, with the aforementioned wind speeds and directions, to calculate wave height.) 

3) Fetch width does not influence the effective fetch length.  Straight line fetch is recommended 
for use in the wave equations. 

4) Although studies have suggested water depth affects wave growth, a 1993 study showed that 
fetch-limited wave growth in shallow water behaved much the same as that in deep water.  It 
was recommended that deepwater wave growth equations be used to predict wave behavior for 
all depths, but only if the wave period is constrained by a limiting value. 

 
The calculation proceeded assuming that the conditions at the site would produce fetch-limited values 
(the geometry of the site governs fetch-limited conditions), straight line fetch only would be used in the 
equations, and deep water equations would be used to model the water wave conditions at the site. 
 
Wave Height Calculation Procedure 
 
The following sections outline the simplified wave prediction process using the method presented in the 
CEM.  Wave height calculations were performed in SI units, as the equations demanded.  However, 
wave height was converted to English units in order to yield a value in English units in the rip-rap 
sizing calculation.  
 
 
Equation II-2-35 was used to calculate the time required to develop fetch-limited waves.  If the waves 
do not exist for this minimum duration, the equations cannot be used with confidence. 
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  , 77.23
.

. .    (II-2-35) 

 
   Where: 
   x = fetch 
   u = wind speed 
 
The wind speed selected from the New York State Building Code is a fastest-mile value of 80 mph or 
35.8 m/s.  The results from Equation II-2-35 varied from 65 minutes to 229 minutes.  These values 
represent the minimum time required to achieve fetch-limited conditions, or conditions necessary for 
the accuracy of simplified wave prediction.  The wave prediction calculation proceeded using the New 
York State Building Code’s fastest-mile wind speed 80 mph over an acceptable, if not conservative, 
duration of 12 hours (sustained wind speeds of 80 mph would be accompanied by a major weather 
system). 
 
Equation II-2-38 is used to convert duration into an equivalent fetch in the event that the wind duration 
is less than the value calculated in Equation II-2-35 (65 to 229 minutes).  The equivalent fetch is meant 
to be entered as the fetch in Equation II-2-36 to calculate a new wave height.  This calculation was not 
necessary due to the assumption that the wind lasts for a duration of 12 hours. 
 
The wave prediction continued with 35.8 m/s as a value for wind speed assumed to be available for a 
12-hour duration.  Several relationships are included in Equation II-2-36, which governs wave growth 
with fetch.  They are presented in the order in which they were used. 
 
  0.001 1.1 0.035   (II-2-36-1)  
 

Where: 
CD = drag coefficient 
U10 = wind speed 
 

      (II-2-36-2) 

 
   Where: 
   u* = shear velocity 
 

  0.751    (II-2-36-3) 

 
   Where: 
   TP = wave period 
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  4.13 10   (II-2-36-4) 

 
   Where: 
   Hm = wave height 
 
Values for wave height were calculated in Equation(s) II-2-36.  Equation II-2-39 was given as a check 
to ensure the wave periods calculated in Equation II-2-36-3 did not exceed the limiting wave period. 
 

  9.78     (II-2-39) 

Where: 
TP = limiting wave period 
d = water depth 

 
Water depth was found in the depth chart titled “12343 Hudson River, New York to Wappinger Creek” 
included in Attachment B.3-1.  The maximum depth along any wave path for any site area (52 ft.) was 
taken as the water depth.  An average or median could have been used instead but would have had 
minimal effect on the limiting wave period calculation.  Limiting wave period was calculated to be 
12.43s with a water depth of 52 ft.  A depth of 40 ft. yielded a limiting wave period of 10.90s.  In 
comparison, calculated wave periods ranged from 2.21s to 4.14s. 
 
The wave periods did not reach or exceed the limiting wave period.  However, if the calculated wave 
period exceeds the limiting wave period, the limiting wave period should replace the calculated wave 
period for any subsequent calculations (i.e. number of waves generated). 
 
Sample Wave Height Calculation 
 
This section will provide an outline of the data gathering and equations to calculate wave height for a 
NNW wind in the Old Marina. 
 

 Wind Direction:  NNW; One of three directions analyzed for the Old Marina.  A NNW wind is 
viable according to the wind roses and results in the longest fetch of any wind direction at the 
Old Marina. 
 

 Wind Speed:  35.8 m/s; Building Code of New York State: Section 1609 – Wind Loads fastest-
mile wind speed. 
 

 Wind Duration:  12 hours. 
 

 Fetch Length:  4,110 m; Determined using ruler tool in Google Earth. 
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 Time required to accomplish fetch-limited conditions: 

 , 77.23
.

. .    (II-2-35) 

 , 77.23
, .

. . . . 7,953  * 

 *Proceed using duration of 133 minutes. 
 

 Drag Coefficient: 
0.001 1.1 0.035   (II-2-36-1) 
0.001 1.1 0.035 35.8 .  

 
 Shear velocity: 

    (II-2-36-2) 

0.002
35.8

:   :  .  /  

 
 Wave Period: 

0.751    (II-2-36-3) 

9.81
1.734

0.751
9.81 4,110

1.734
:   : .  

 
 Limiting Wave Period: 

9.78     (II-2-39) 

9.78
.

.
12.19 * 

*Wave period does not exceed limiting wave period.  Continue with period of 3.15s. 
 

 Wave Height: 

4.13 10   (II-2-36-4) 

.

.
4.13 10

. ,

.
:   : . .   

   
Rip-rap Sizing Calculation 
 
The methodology for rip-rap sizing was taken from the Costal Engineering Manual Part VI – Chapter 
5.  More specifically, Table VI-5-23 (see Attachment B.3-2) presents the equations established by van 
der Meer in 1988.   
 
Table VI-5-23 offers two equations; one for plunging waves and one for surging waves.  The 
uncertainties of the coefficients of van der Meer’s two equations have been estimated at 6.5% (plunging 
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waves) and 8% (surging waves).  The selection of which equation to use is made based on the 
relationship between ξm and ξmc. 
 

 . 6.2 . . . :  Plunging Waves – Use Eq. VI-5-68 

 . 6.2 . . . :  Surging Waves – Use Eq. VI-5-69 
 
  Where: 
   = wave steepness 

   Hm = wave height 
   Lom = deepwater wavelength corresponding to mean wave period 

   3.281  

  α = slope angle 
  P = notational permeability 
 
For each wave generation scenario in each site area in this application, the relationship between ξm and 
ξmc indicated the use of Equation VI-5-68 for plunging waves was appropriate.  Furthermore, the 
“Validity” notes in Table VI-5-23 state: 
 
 For cotα > 4.0, only Equation VI-5-68 should be used. 
 
The values for cotα range from 4 to 12.5 in this application, which, confirmed by the relationship 
between ξm and ξmc, resulted in the use of Equation VI-5-68 only.  In the North Boat Slip site area, 
slopes of 6.5H:1V and 12.5H:1V are in the RFS.  However, only 6.5H:1V was retained for use in the 
calculations, for conservative purposes, as a steeper slope results in a larger calculated rip-rap size. 
 
  

∆
6.2 . . . .   (VI-5-68) 

  
   Where: 
   Hm = wave height 
   ∆ 1 

   ρs = mass density of rocks 
   ρw = mass density of water 

Dn50 = Equivalent cube length of median rock 
   S = relative eroded area 
   P = notational permeability coefficient 
   Nz = number of waves 
 
Nominal values for S (relative eroded area) were determined in Table VI-5-21 (see Attachment B.3-2).  
 
A value for P (notational permeability coefficient) was determined in Figure VI-5-11 (see Attachment 
B.3-2).  A P-value of 0.4 corresponds to a configuration consisting of an armor layer, a filter layer, and 
a core layer.  For purposes of the feasibility study, this configuration best corresponds to the future 
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construction of the rip-rap.  Figure VI-5-11 was used later in the calculation to determine layer 
thicknesses and Dn50 for the filter layer.   
 
Values for Nz were calculated for each wave scenario in each site area by dividing the wind duration 
(12 hours) by the wave period calculated in Equation II-2-36-3 (values ranging from 2s to 5s).  Values 
for Nz ranged from 10,000 to 20,000 waves.  However, the “Validity” notes in Table VI-5-23 state: 
 
 Nz < 7,500 after which number equilibrium damage is more or less reached. 
 
Therefore, an Nz-value of 7,500 was adopted for each wave scenario. 
 
Sample Rip-rap Sizing Calculation 
 
This section will provide an outline of the data gathering and equations to calculate rip-rap size in the 
Old Marina.  This calculation will be performed using the wave height calculated in Sample Wave 
Height Calculation (4.81 ft.), which was based on a NNW wind.  Table B.3-2 shows the calculated rip-
rap sizes for each site area and wind direction combination. 
 

 Calculation to determine plunging (Equation VI-5-68) vs. surging waves (Equation VI-5-69): 
For cotα > 4.0, only Equation VI-5-68 should be used.   

4
1

 

USE EQUATION VI-5-68.  (Check calculation is provided below.) 
 

 Check calculation to determine plunging (Equation VI-5-68) vs. surging waves (Equation VI-5-
69): 

. 6.2 . . .  
  

3.281
2

 

3.281
9.81 3.15

2
 

 

 

4.81
51

.  

 
    (4H:1V in Old Marina) 

 
.  

0.09 . 1
4

.  

 
P = 0.4     (From Figure VI-5-11) 
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6.2 . . .  

6.2 0.4 . 1
4

. . .

.  

0.81 < 2.56.  SURGING WAVES – USE EQUATION VI-5-68. 
 

 Calculation of equation variables, and finally Dn50: 

∆
6.2 . . . .   (VI-5-68) 

 
Hm = 4.81 ft. 
 

∆ 1 

ρs = 145 pcf    (Density of sandstone) 
    ρw = 63.5 pcf   (Average density of salt/fresh water) 

∆
145
63.5

1 .  

 
 
S = 8     (From Table VI-5-21) 
 
P = 0.4    (From Figure VI-5-11) 
 

 
 

43,200
3.15

13,714 

13,714 > 7,500.  USE 7,500.  (From Table VI-5-23 “Validity”) 
 
ξm = 0.81 
 

∆
6.2 . . . .  

.

.
6.2 8 . 0.4 . 7,500 . 0.81 .  :  Solve for Dn50 

Dn50 = 0.99 ft. = 12.4 in. 
 
Alternative Methods for Rip-rap Sizing Calculation 
 
As previously mentioned, the CEM presents two methods for sizing calculations: Hudson (1974) and 
van der Meer (1988).  The van der Meer method is considered to be more representative of wave/rip-
rap physical interaction than the Hudson method.  However, sizing calculations were also performed 
using the Hudson method (see Attachment B.3-3 for support material) and are presented in Table B.3- 
3.  Two sets of Dn50 values were calculated for; one using a KD value for smooth, rounded rock placed 
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randomly with breaking waves and one using a KD value of 2.0 for rough, angular rock placed 
randomly with breaking waves.  Also presented in Table B.3-3 is a comparison of the Dn50 values 
calculated in both methods.  The Hudson method yielded rock sizes in the range of 1.5 to 2.7 times 
larger than those calculated in the van der Meer method. 
 
Conclusions & Further Analyses 
 

 Wave heights were calculated using the longest fetch lengths for each wind direction.  Fetch 
lengths were determined assuming wave generation could occur unobstructed (by current, 
physical wind barriers, etc.). 

 Angle of wave incidence on shore protection was not analyzed for its impact on equivalent 
wave height or rock sizing.  This analysis will likely result in lesser values for wave height 
and/or rock sizing in the wave generation scenarios fueled by wind directions that do not 
perpendicularly impact shore protection (NNW, NW, WNW, WSW, SW, SSW). 

 The effect of bathymetric slope on wave scour in the N and S Boat Slips and the Old Marina 
was not analyzed.  The analysis could result in lesser values for wave height and/or rock sizing 
in these areas due to the dissipation of wave energy along the bathymetric slope. 

 S-Values for the van der Meer equations were given as representations of the damage level 
expected due to waves breaking on shore protection.  Values were given for initial damage, 
intermediate damage, and failure.  Values for initial and intermediate were selected for use in 
the rock sizing calculations.  S-Value selection has a significant impact on the calculated rock 
size, as a change in S from 3 (initial damage for site slope values) to 17 (failure for site slope 
values) can result in a change in rock size of up to 6 inches, depending on other conditions. 

 The configuration of the rip-rap presented in Table VI-5-11 for a P-value of 0.4 was used to 
determine the armor layer thickness and filter layer thickness which are based on Dn50.  This P-
value accounts for the permeability of the shore protection in the rock sizing calculation.   

 
Enclosures: 

Table B.3-1 – Preliminary Wave Height Calculations using CEM Part II – Chapter II 
Table B.3-2 – Preliminary Rip-rap Sizing Calculations 
Table B.3-3 – Preliminary Rip-rap Sizing Summary 
Attachment B.3-1 - Wave Height Calculation Support Material 
Attachment B.3-2 - Van der Meer Rip-Rap Sizing Calculation Support Material 
Attachment B.3-3 - Hudson Rip-Rap Sizing Calculation Support Material 
 

G:\Projects\28612\250 - RFS\Appendicies\Appendix B - Civil\Shore Protection\28612-2011-0518_Shore Protection-D4.docx 
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TABLE B.3‐1
PRELIMINARY WAVE HEIGHT CALCULATIONS USING CEM PART II ‐ CHAPTER II
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

Gravital Accel. (m/s2) 9.81
Limiting Height, HL (m) 35.20
Wind Duration (hr) 12.00

Location Wind/Wave Direction

Wind speed at 
10m elevation, 

U10 (m/s) Wind Duration (s)
Fetch, X 
(m)

Time required for 
waves to be fetch 
limited, tx,u (s)

Time required for 
waves to be fetch 
limited, tx,u (min)

Drag 
Coeff., CD

Wave 
Shear 

Velocity, 
u* (m/s)

Wave 
Period, TP 

(s)

No. 
Waves in 
12 Hours Hm (m) Hm (ft)

Limiting Period, 
TP (s) Use Tp?

NNW 35.8 43,200 3,980 7,783 130 0.002 1.734 3.12 13,845 1.44 4.73 9.44 No
NW 35.8 43,200 2,040 4,974 83 0.002 1.734 2.50 17,300 1.03 3.39 9.44 No
WNW 35.8 43,200 1,600 4,227 70 0.002 1.734 2.30 18,759 0.91 3.00 9.44 No
NNW 35.8 43,200 1,570 4,173 70 0.002 1.734 2.29 18,878 0.91 2.97 9.44 No
NW 35.8 43,200 1,920 4,776 80 0.002 1.734 2.45 17,653 1.00 3.29 9.44 No
WNW 35.8 43,200 1,500 4,048 67 0.002 1.734 2.25 19,167 0.89 2.91 9.44 No
NNW 35.8 43,200 3,510 7,155 119 0.002 1.734 2.99 14,437 1.35 4.45 9.44 No
NW 35.8 43,200 1,960 4,842 81 0.002 1.734 2.46 17,532 1.01 3.32 9.44 No
WNW 35.8 43,200 1,460 3,975 66 0.002 1.734 2.23 19,340 0.87 2.87 9.44 No
W 35.8 43,200 1,480 4,012 67 0.002 1.734 2.24 19,253 0.88 2.89 9.44 No

WSW 35.8 43,200 1,710 4,419 74 0.002 1.734 2.35 18,348 0.95 3.10 9.44 No
NNW 35.8 43,200 3,520 7,168 119 0.002 1.734 3.00 14,423 1.36 4.45 9.44 No
NW 35.8 43,200 2,010 4,925 82 0.002 1.734 2.48 17,385 1.03 3.36 9.44 No
WNW 35.8 43,200 1,480 4,012 67 0.002 1.734 2.24 19,253 0.88 2.89 9.44 No
W 35.8 43,200 1,410 3,883 65 0.002 1.734 2.21 19,566 0.86 2.82 9.44 No

WSW 35.8 43,200 1,680 4,367 73 0.002 1.734 2.34 18,456 0.94 3.08 9.44 No
SW 35.8 43,200 2,520 5,730 96 0.002 1.734 2.68 16,123 1.15 3.77 9.44 No
SSW 35.8 43,200 8,980 13,425 224 0.002 1.734 4.09 10,556 2.17 7.11 9.44 No
NNW 35.8 43,200 3,610 7,291 122 0.002 1.734 3.02 14,302 1.37 4.51 9.44 No

North Boat Slip

South Alternatives

Northwest Off‐Shore Area

Old Marina

HALEY & ALDRICH OF NEW YORK
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NW 35.8 43,200 2,020 4,941 82 0.002 1.734 2.49 17,357 1.03 3.37 9.44 No
WNW 35.8 43,200 1,500 4,048 67 0.002 1.734 2.25 19,167 0.89 2.91 9.44 No
W 35.8 43,200 1,520 4,084 68 0.002 1.734 2.26 19,082 0.89 2.93 9.44 No

WSW 35.8 43,200 1,700 4,402 73 0.002 1.734 2.35 18,384 0.94 3.09 9.44 No
SW 35.8 43,200 2,510 5,715 95 0.002 1.734 2.68 16,144 1.15 3.76 9.44 No
SSW 35.8 43,200 9,280 13,724 229 0.002 1.734 4.14 10,441 2.20 7.23 9.44 No

South Boat Slip

HALEY & ALDRICH OF NEW YORK
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TABLE B.3‐2
PRELIMINARY RIP‐RAP SIZING CALCULATIONS
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

H ft Calculated in 'Wave Calcs'
Dn50 ft Calculated in Table
M50 lb Calculated in Table
roes lb/cu ft 145
roew lb/cu ft 63.5

S - 8-12
P - 0.4

Nz - 7,500
tan (α) - Calculated in Table

sm - Calculated in Table
Lom ft Calculated in Table
ξm Calculated in Table

NNW sandstone 4.73 145 63.50 0.25 8 0.40 7,500 50 0.09 0.81 1.28 12.2 24.4 6.1 18.3
NW sandstone 3.39 145 63.50 0.25 8 0.40 7,500 32 0.11 0.77 1.28 8.5 17.0 4.3 12.8

WNW sandstone 3.00 145 63.50 0.25 8 0.40 7,500 27 0.11 0.75 1.28 7.5 14.9 3.7 11.2
NNW sandstone 2.97 145 63.50 0.17 10 0.40 7,500 27 0.11 0.50 1.28 5.8 11.5 2.9 8.6
NW sandstone 3.29 145 63.50 0.17 10 0.40 7,500 31 0.11 0.51 1.28 6.4 12.8 3.2 9.6

WNW sandstone 2.91 145 63.50 0.17 10 0.40 7,500 26 0.11 0.50 1.28 5.6 11.2 2.8 8.4
NNW sandstone 4.45 145 63.50 0.13 12 0.40 7,500 46 0.10 0.40 1.28 7.4 14.9 3.7 11.2
NW sandstone 3.32 145 63.50 0.13 12 0.40 7,500 31 0.11 0.38 1.28 5.4 10.8 2.7 8.1

WNW sandstone 2.87 145 63.50 0.13 12 0.40 7,500 26 0.11 0.37 1.28 4.6 9.2 2.3 6.9
W sandstone 2.89 145 63.50 0.13 12 0.40 7,500 26 0.11 0.37 1.28 4.7 9.3 2.3 7.0

Wave steepness, sm=H/Lom

Deepwater wavelength corresponding to mean wave period
sm^(-0.5)*tan(alpha)

Mass density of water
Relative eroded area

Notional permeability
Number of waves
TAN Slope angle

Significant wave height
Equivalent cube length of median rock

Medium mass of rocks, M50=roes *Dn50^3
Mass density of rocks

Northwest Off-Shore 
Area

South Alternatives

Armor 
Layer 

Thickness 
(in)

Filter 
Layer 

Thickness 
(in)

Dn50-filter 

(in)sm ξm

Δ = 
(roes/roww)-

1
Dn50-armor 

(in)

Reference: Table VI-5-23: Rock, Two-Layer Armored Non-Overtopped Slopes (van der Meer 1988)

(No. 
waves) Nz Lom (ft)

Wind 
Direction

Stone 
Type

Old Marina

roes (lb/cu 
ft)

roew (lb/cu 
ft)H (ft) PStan(α)

HALEY & ALDRICH OF NEW YORK
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,
WSW sandstone 3.10 145 63.50 0.13 12 0.40 7,500 28 0.11 0.38 1.28 5.0 10.1 2.5 7.6
NNW sandstone 4.45 145 63.50 0.15 10 0.40 7,500 46 0.10 0.49 1.28 8.6 17.1 4.3 12.9
NW sandstone 3.36 145 63.50 0.15 10 0.40 7,500 32 0.11 0.47 1.28 6.3 12.7 3.2 9.5

WNW sandstone 2.89 145 63.50 0.15 10 0.40 7,500 26 0.11 0.46 1.28 5.4 10.7 2.7 8.0
W sandstone 2.82 145 63.50 0.15 10 0.40 7,500 25 0.11 0.46 1.28 5.2 10.4 2.6 7.8

WSW sandstone 3.08 145 63.50 0.15 10 0.40 7,500 28 0.11 0.46 1.28 5.7 11.5 2.9 8.6
SW sandstone 3.77 145 63.50 0.15 10 0.40 7,500 37 0.10 0.48 1.28 7.2 14.3 3.6 10.7

SSW sandstone 7.11 145 63.50 0.15 10 0.40 7,500 86 0.08 0.53 1.28 14.2 28.5 7.1 21.4
NNW sandstone 4.51 145 63.50 0.14 12 0.40 7,500 47 0.10 0.46 1.28 8.1 16.1 4.0 12.1
NW sandstone 3.37 145 63.50 0.14 12 0.40 7,500 32 0.11 0.44 1.28 5.9 11.8 2.9 8.8

WNW sandstone 2.91 145 63.50 0.14 12 0.40 7,500 26 0.11 0.43 1.28 5.0 10.0 2.5 7.5
W sandstone 2.93 145 63.50 0.14 12 0.40 7,500 26 0.11 0.43 1.28 5.1 10.1 2.5 7.6

WSW sandstone 3.09 145 63.50 0.14 12 0.40 7,500 28 0.11 0.43 1.28 5.4 10.7 2.7 8.1
SW sandstone 3.76 145 63.50 0.14 12 0.40 7,500 37 0.10 0.45 1.28 6.6 13.3 3.3 9.9

SSW sandstone 7.23 145 63.50 0.14 12 0.40 7,500 88 0.08 0.50 1.28 13.5 26.9 6.7 20.2
Minimum 4.6
Maximum 14.2
Median 5.9
Average 7.0

North Boat Slip

South Boat Slip

HALEY & ALDRICH OF NEW YORK
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TABLE B.3‐3
PRELIMINARY RIP‐RAP SIZING SUMMARY
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

LOCATION SLOPE H:V
Armor D50 

(in)

Armor 
Thickness 

(in)
Filter D50 

(in)

Filter 
Thickness 

(in)

TOTAL 
Thickness 

(in)
Old Marina 4:1 12 24 6 18 42

6:1 15 30 8 23 53
S Alternatives 8:1 8 16 4 12 28

6.5:1 8 16 4 12 28
7:1 6 12 3 9 21

 PRELIMINARY Rip‐Rap Sizing Summary

NW Corner

N Boatslip
S Boatslip

HALEY & ALDRICH OF NEW YORK
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Existing NW Corner

Armor Layer

Filter Layer

Subgrade Geotextile

Diagram of Riprap Configuration:

Note:  The existing riprap is on a roughly 2.5H:1V slope.  Looking at the stone sizes, the 
existing D50 may be around 18 inches.  This is consistent with design for an 18,000 ft fetch 
length (a NNW wind, 22.5 degrees west of north).  Our proposed slope is 6H:1V, however a 
much more conservative fetch length would be 30,000 feet (12.5 degrees west of north), 
yielding a D50 of 15 inches.  For Feasibility, adopt 15 inches D50 for the armor stone.

HALEY & ALDRICH OF NEW YORK
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INTRODUCTION 
 
Haley & Aldrich of New York (Haley & Aldrich) is determining the engineering feasibility of installing 
subaqueous caps in areas of residually contaminated sediment at a former manufacturing plant site 
located at 1 River Street, Hastings-On-Hudson, New York along the east bank of the Hudson River (the 
Site).  The subaqueous caps will require erosion protection, consisting of granular fill designed to 
protect the underlying subaqueous cap layers from erosion and scour.  This document addresses the 
engineering characteristics of the erosion protection layer. 
 
APPROACH 
 
Existing information sources were reviewed to obtain the following information for the Site and to 
develop estimates of the sediment cap grain size: 
 

• Sediment environment (deposition, erosion etc.); 
 

• Sediment type (mud, sand etc.); 
 

• River bottom shear stress and discharge velocity; and  
 

• Tidal influence on shear stress and velocity. 
 

These topics are discussed below. 
 
Sediment Environment and Type 
 
Two sources, the State of New York Department of Environmental Conservation’s Online Hudson 
River Estuary Benthic Mapper (NYSDEC) and the Lamont-Doherty Earth Observatory of Columbia 
University (Columbia) were utilized to obtain sediment and environmental information for the Site. 
 
The coverage of NYSDEC’s Benthic Mapper ends just upstream (north) of the Site and Columbia’s 
coverage includes that of NYSDEC, as well as the Site and areas downstream.  These sources were 
compared for consistency where their coverage overlapped and their depictions of the nature and extent 
of the sediment environments and sediment types were observed to be identical.  Based on the 
consistency of results between these two sources, and Columbia’s collaboration with NYSDEC in the 
development of the Benthic Mapper, Columbia’s coverage of the Site vicinity was considered to be 
acceptable. 
 
Columbia’s classification of the Site sediment environment is “Depositionary Thick” indicating that 
sediment deposits are greater than 50 centimeters (cm) or approximately 20 inches (in) thick.  The 
sediment type was classified as mud.  This characterization is consistent with the findings of previously 
completed off-shore borings. 
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River Bottom Shear Stresses and Flow Velocities 
 
A report by Earth Technologies, Inc, (Earth Tech, 2003) and a memorandum by Hydroqual 
Environmental Engineers and Scientists (Hydroqual, 2005) were utilized to obtain shear stress and flow 
velocity estimates for the Site. 
 

Earth Tech 
 

The Earth Tech document states that current velocities in excess of 0.6 meters per second (mps) 
(2 feet per second, fps) were measured within 100 feet of bulk heads at the Site and higher 
velocities were measured at varying distances in channel further off shore from the bulkheads.  
The document recommended that a complete analysis of the “velocity field” be conducted and 
stated “…it is clear from the flow velocity data that flow speeds are lower near shore than 
further offshore, thereby reducing the problem with high flows.” 

 
Hydroqual 

 
Hydroqual calculated the river bottom shear stresses using the Contaminant Assessment and 
Reduction Project digital model sponsored through the Hudson River Foundation by the Port 
Authority of New York and New Jersey, the New Jersey Office of Maritime Resources, the 
NYSDEC and the New Jersey Department of Environmental Protection.  Probabilities of 
channel bottom shear stresses and flow velocities were calculated at 100-second intervals over 
water years 1988-1989, 1994-1995, 1998-1999, 1999-2000, 2000-2001, and 2001-2002.  
Attachment B.4-1 presents the calculated shear stresses and flow velocity probability 
distribution for the model cell closest to the Site.  Calculated channel bottom shear stress 
probability distributions from 0.01 to greater than 99.99 percent, the 1- to greater than the 
10,000-year recurrence intervals, range from 0- to 20.5 dynes/ cm2.  Calculated flow velocity 
probability distributions from 0.01 to 99.99 percent, the 1- to 10,000-year recurrence intervals, 
range from 0.002 meters per second, (mps) or 0.007 feet per second (fps) to 0.7 mps (2.3 fps).  
Although the Site is closer to the shoreline than resolved by the model grid, Hydroqual stated 
that shear stresses (and related flow velocities) “… will be different, (probably lower) closer to 
the shoreline.” 

 
Calculation of Sediment Cap Grain Size 
 
Haley & Aldrich selected the 100-year recurrence interval velocity of 0.57 mps (1.9 fps) in Attachment 
B.4-1 to evaluate the granular cap particle size using the method of incipient particle motion (USDOT, 
2001).  The method of incipient particle motion estimates the smallest particle size that is stable at a 
particular velocity.   As used herein, the calculation is formatted to estimate the smallest D50 particle 
size that will remain stable at the 100-year recurrence interval velocity of 0.57 mps (1.9 fps).  The 
calculation assumes no wave action – erosion projection within the zone where wave energy reaches the 
river bottom is not considered in this report.  The results of the calculations are provided in Table B.4-
1.  As indicated in the Table B.4-1, the particle sizes resistant to motion are smaller in areas having 
flatter (2 to 9 degrees) river bottom slopes and are larger in areas with steeper (18 to 35 degrees) river 
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bottom slopes.  In other words at the same velocity a particle on a steeper slope would move more 
easily than a particle on a flatter slope. 
 
As indicated in Table B.4-1, the 100-year recurrence interval for D50 size on the 3 degree slope within 
the silt curtain area would be 1.1 mm (0.044 inches).  In the steeper river bottom areas, a particle of 
D50 of 4.0 to 10.0 mm (0.15 to 0.4 inches) would be the smallest size resistant to the 100-year 
recurrence interval flow velocity.  A cap gradation ranging from approximately 0.5 x D50 to about 2.0 x 
D50 could be composed of 0.55 mm (0.022 inches) to 2.2 mm (0.088-inches) grain size granular fill.  
The 0.55 mm (0.011 inches) size material would be stable at the 0.46 mps (1.5 fps) velocity that is near 
the 10-year (actual estimate 12-year) interval recurrence event.  The D50 size would be stable at the 
100-year recurrence interval velocity of 0.57 mps (1.9 fps) and the 2.2 mm (0.088-inches) size material 
would be stable at the 0.73 mps (2.4 fps) velocity that exceeds the 10,000-year recurrence interval 
event (Attachment B.4-1).  As is the case with all graded granular caps, it is expected that a small 
amount of the smaller grain size components near the surface of the cap will be transported during 
higher recurrence interval events shortly after installation.  However, the larger grain sizes will remain 
as armor on the surface to stabilize the cap.  
 
Tidal Influences in the Site Area 
 
Tidal influences at the Site were evaluated with respect to the velocities and particle sizes discussed 
above.  The following summarizes Earth Tech’s and Hydroqual’s discussions of this topic. 
 

Earth Tech 
 

Earth Tech (2003) concluded “…peak flow and velocities for extreme riverine flood events at 
the site will not likely be hydrograph- or tide-dependent.  In addition, the report states “…tide 
dependency will be limited as peak flows from extreme events would occur over a period 
significantly greater than that of the normal tidal period.”  Earth Tech concluded that river 
flood events with return intervals of less than approximately 100 years would likely have 
limited effect on peak flow velocities at the project site and the magnitude of the river 
discharges would be much longer duration and greater than the volume and  relative magnitude 
of the daily tidal flux and peak flows.  However, Earth Tech did not specifically quantify the 
potential effect of a tidal storm surge on the hydraulic conditions adjacent to the Site.  

 
 

Hydroqual 
 

Hydroqual’s modeling included the effects of Hurricane Floyd in September of 1999 (water 
year 1999-2000).  Their report states that the hurricane did not have extreme impacts or cause 
extreme bottom shear stresses compared to the six water years that were evaluated.  In addition, 
the three highest shear stresses evaluated were preceded by high wind conditions that increased 
current velocities.  However, these events and the events of all of the six water years studied 
also “…did not have extreme impacts on bottom shear stresses in the Hudson River proximal to 
the Site”.   
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Potential Scour of Existing Sediments 
 
Estimates were made for potential scour of existing sediments under extraordinary conditions, with the 
understanding that the site is located in a net depositional area, and over time any scoured sediment 
would be replaced.  The CEM Part VI indicates that scour a the toe of a sloping structure is less than 
that at a vertical structure;  based on Equation VI-5-23 for scour at vertical walls, the expected scour 
for waves generated by a sustained wind of 70 mph would be less than one foot.   The CEM in Part VI 
also states that, for planning purposes, scour at circular piles due to combined current and wave 
conditions can be estimated to be twice the pile diameter.  Piles at the site are generally less than 12 
inches diameter, so the scour would be less than two feet.  As stated previously, in this depositional 
area of the Hudson River, any such scour would be replaced after the scouring conditions abated.    
 
SUMMARY AND CONCLUSIONS 
 
The Site is located in a depositional environment of mud deposits as characterized by NYSDEC and 
Columbia.  A sediment cap composed of graded granular fill material will provide erosion and scour 
protection of underlying sediments. 
 
Hurricane Floyd and three of the water years modeled had high shear stresses and high resulting flow 
velocities preceded by strong wind conditions at the Site.  However, there was very little difference in 
shear stresses and velocities between these three and all six water years.  The flow velocity modeling 
results of the site for the 1- to greater than 10,000-year recurrence interval events also indicate there is 
little difference in velocities.  As indicated in Attachment B.4-1, the 1,000-year recurrence velocity is 
only approximately 10% greater that n the 100-year design velocity and the 10,000-year recurrence 
event is only approximately 20% greater than the 100-year design velocity, thus there is little difference 
between discharge events without strong winds or discharge events with strong winds or hurricane 
conditions at the Site.   
 
Sediment cap D50 grain sizes were evaluated for the 100-year recurrence interval current velocities.  As 
indicated above, a cap gradation of 0.5 to 2.0 times the D50 size would be composed of grain sizes 
between 0.55mm (0.022 inches) to 2.2mm (0.088 inches) for a 3 degree slope.  These sizes are stable 
between recurrence intervals of 10 years to greater than the 10,000 year recurrence interval events.  As 
is the case with all graded granular caps, it is expected that a small amount of the smaller grained sizes 
near the surface of the cap will be transported during higher recurrence interval events shortly after 
installation of the cap.  However, the larger grain sizes will remain as armor on the surface to stabilize 
the cap. 
 
 
Enclosures: 
 Table B.4-1 – 100 Year Particle Size Results 

Attachment B.4-1 - River Bottom Shear Stress and Flow Velocity and Probability Distributions 
 
\\ROC\common\Projects\28612\250 - RFS\Appendicies\Appendix B - Civil\Subaqueous Cap Stability\Potential Scour and Cap Grain Size_05202011_D5.docx 
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TABLE B.4‐1
100‐YEAR PARTICLE SIZE RESULTS
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

(degrees) (degrees) (inches) (millimeters)
3 14 0.044 1.1
6 14 0.047 1.2
9 14 0.063 1.6
35 36 0.4 10.5
2 14 0.043 1.1
35 36 0.25 6.3
4 14 0.045 1.1
18 20 0.15 3.8

1:  100‐year velocity esimate of 1.9 ft/sec (0.57 m/sec) from Hydroqual Corres 29 August 2005
2:  Slope angles provided in 7 Jan e‐mail
3:   4:1 (14 degrees) assumed except otherwise noted
4:  Smallest particle size to resist motion

PARTICLE SIZE RESULTS, 100‐Year Recurrence Interval V=1.9 ft/sec (1)

EXISITING SLOPES (2) ANGLE OF REPOSE (3)

Within Silt Curtain

North Boat Slip

South Boat Slip

LOCATION

SMALLEST PARTICLE
PARTICLE SIZE (D50) (4)

HALEY & ALDRICH OF NEW YORK
G:\Projects\28612\250 ‐ RFS\Appendicies\Appendix B ‐ Civil\Subaqueous Cap Stability\
Table 1 100‐Year Particle Size Results_05182011_D2.xlsx MAY 2011
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ATTACHMENT B.4-1 
 

River Bottom Shear Stress and Flow Velocity 
 

Probability Distributions 
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

PCB POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-0.5 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 1SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0-1 mg/kg
≤2 X PRG, 1 - 2 mg/kg
≤5 X PRG, 2 - 5 mg/kg
≤10 X PRG, 5 - 10 mg/kg

≤50 X PRG, 10 - 50 mg/kg

≤100 X PRG, 50 - 100 mg/kg

 >100 X PRG, >100 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP

OUTFALL

OUTFALL

NOTES:
1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.

MAXIMUM PCB CONCENTRATIONS 
WITHIN INTERVAL

2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

PCB POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-2 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 2SCALE IN FEET
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BACKGROUND (PRG), 0-1 mg/kg
≤2 X PRG, 1 - 2 mg/kg
≤5 X PRG, 2 - 5 mg/kg
≤10 X PRG, 5 - 10 mg/kg

≤50 X PRG, 10 - 50 mg/kg

≤100 X PRG, 50 - 100 mg/kg

 >100 X PRG, >100 mg/kg
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SHEET PILE
MEAN HIGH WATER (MHW)
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PCB CONTAMINATION (0-2')1
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OUTFALL

NOTES:
1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.

MAXIMUM PCB CONCENTRATIONS 
WITHIN INTERVAL

2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

PCB POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
2-6 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 3SCALE IN FEET
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1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.

MAXIMUM PCB CONCENTRATIONS 
WITHIN INTERVAL

2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

PCB POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
6-10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 4SCALE IN FEET
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1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.

MAXIMUM PCB CONCENTRATIONS 
WITHIN INTERVAL

2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

PCB POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
>10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 5SCALE IN FEET
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NOTES:
1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.

MAXIMUM PCB CONCENTRATIONS 
WITHIN INTERVAL

2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

COPPER POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-0.5 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 6SCALE IN FEET

0 100 200

FORMER
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WATER
TOWER
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SLUICE
AREA BUILDING 15

SPDES DISCHARGE

OUTFALL

BUILDING 52
OUTFALLS

BUILDING   52

BACKGROUND (PRG), 0 - 129 mg/kg
≤1.25 X PRG, 129 - 161 mg/kg
≤1.5 X PRG, 161 - 194 mg/kg
≤2 X PRG, 194 - 258 mg/kg
≤5 X PRG, 258 - 645 mg/kg

≤10 X PRG, 645 - 1290 mg/kg

>10 X PRG, >1290 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP

OUTFALL

OUTFALL

NOTES:
1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE, 
EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.

MAXIMUM COPPER CONCENTRATIONS 
WITHIN INTERVAL
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

COPPER POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-2 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 7SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 129 mg/kg
≤1.25 X PRG, 129 - 161 mg/kg
≤1.5 X PRG, 161 - 194 mg/kg
≤2 X PRG, 194 - 258 mg/kg
≤5 X PRG, 258 - 645 mg/kg

≤10 X PRG, 645 - 1290 mg/kg

>10 X PRG, >1290 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (0-2')1

OUTFALL

OUTFALL

MAXIMUM COPPER CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

COPPER POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
2-6 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 8SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 129 mg/kg
≤1.25 X PRG, 129 - 161 mg/kg
≤1.5 X PRG, 161 - 194 mg/kg
≤2 X PRG, 194 - 258 mg/kg
≤5 X PRG, 258 - 645 mg/kg

≤10 X PRG, 645 - 1290 mg/kg

>10 X PRG, >1290 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (2-4') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (4-6') 1

OUTFALL

OUTFALL

MAXIMUM COPPER CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

COPPER POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
6-10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 9SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 129 mg/kg
≤1.25 X PRG, 129 - 161 mg/kg
≤1.5 X PRG, 161 - 194 mg/kg
≤2 X PRG, 194 - 258 mg/kg
≤5 X PRG, 258 - 645 mg/kg

≤10 X PRG, 645 - 1290 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (6-8') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (8-10') 1

OUTFALL

OUTFALL

MAXIMUM COPPER CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

COPPER POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
>10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 10SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 129 mg/kg
≤1.25 X PRG, 129 - 161 mg/kg
≤1.5 X PRG, 161 - 194 mg/kg
≤2 X PRG, 194 - 258 mg/kg
≤5 X PRG, 258 - 645 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP

OUTFALL

OUTFALL

MAXIMUM COPPER CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

LEAD POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-0.5 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 11SCALE IN FEET
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OUTFALL

BUILDING 52
OUTFALLS

BUILDING   52

BACKGROUND (PRG), 0 - 132 mg/kg
≤1.25 X PRG, 132 - 165 mg/kg
≤1.5 X PRG, 165 - 198 mg/kg
≤2 X PRG, 198 - 264 mg/kg
≤5 X PRG, 264 - 660 mg/kg

≤10 X PRG, 660 - 1320 mg/kg

>10 X PRG, >1320 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP

OUTFALL

OUTFALL

MAXIMUM LEAD CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

LEAD POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-2 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 12SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 132 mg/kg
≤1.25 X PRG, 132 - 165 mg/kg
≤1.5 X PRG, 165 - 198 mg/kg
≤2 X PRG, 198 - 264 mg/kg
≤5 X PRG, 264 - 660 mg/kg

≤10 X PRG, 660 - 1320 mg/kg

>10 X PRG, >1320 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (0-2')1

OUTFALL

OUTFALL

MAXIMUM LEAD CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

LEAD POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
2-6 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 13SCALE IN FEET
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OUTFALLS

BUILDING   52

BACKGROUND (PRG), 0 - 132 mg/kg
≤1.25 X PRG, 132 - 165 mg/kg
≤1.5 X PRG, 165 - 198 mg/kg
≤2 X PRG, 198 - 264 mg/kg
≤5 X PRG, 264 - 660 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (2-4') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (4-6') 1

OUTFALL

OUTFALL

MAXIMUM LEAD CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

LEAD POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
6-10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 14SCALE IN FEET
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BACKGROUND (PRG), 0 - 132 mg/kg
≤1.25 X PRG, 132 - 165 mg/kg
≤1.5 X PRG, 165 - 198 mg/kg
≤2 X PRG, 198 - 264 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (6-8') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (8-10') 1

OUTFALL

OUTFALL

MAXIMUM LEAD CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

LEAD POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
>10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 15SCALE IN FEET
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BACKGROUND (PRG), 0 - 132 mg/kg
≤1.25 X PRG, 132 - 165 mg/kg
≤1.5 X PRG, 165 - 198 mg/kg
≤2 X PRG, 198 - 264 mg/kg
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SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
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DOCK
RIP-RAP
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MAXIMUM LEAD CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.



CS-40 CS-32SD-67ACS-43

SD-04

CS-31

SD-65C

SD-62A

SD-03

SD-02

SD-01

GB-17

GB-16

GB-14

GB-13

GB-12

GB-11

GB-10

GB-09

EB-38

EB-37

EB-36

EB-35

EB-33EB-32

EB-31

EB-30

EB-25

EB-24

EB-22

EB-20

EB-19

EB-18

EB-17

EB-16EB-15

EB-13EB-10

EB-08

EB-07

EB-06

EB-03

EB-02

EB-01

CS-48

CS-47

CS-46

CS-45

CS-44

CS-42

CS-41

CS-39

CS-38

CS-37

CS-36

CS-35

CS-33
CS-30

CS-29

CS-28

CS-27

CS-26 CS-25

CS-24

CS-23
CS-22 CS-21

CS-20

CS-19

CS-18

CS-17

CS-16

CS-15

CS-14 CS-13

CS-12

CS-11

CS-10

CS-09

CS-08

CS-07

CS-06

CS-05

CS-04

CS-03

CS-02

CS-01

BS-07

BS-06

BS-05

BS-04 BS-03

BS-02

BS-01

SD-69CSD-69B
SD-69A

SD-68C
SD-68B

SD-68A
SD-66B SD-66A

SD-65BSD-65A

SD-64CSD-64B
SD-64A

SD-63CSD-63B
SD-63A

SD-61CSD-61B
SD-61A

SD-60CSD-60B
SD-60A

SD05-CS
SD04-CS

SD02-CS SD01-CS

EB-14

CS-34

G:
\Pr

oje
cts

\28
61

2\2
50

 - R
FS

\G
IS\

Ma
pP

roj
ec

ts\
20

11
_1

01
7_

TJ
V_

Zn
Fiv

eIn
ter

va
lsB

L_
D1

.m
xd

NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

ZINC POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-0.5 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 16SCALE IN FEET
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BACKGROUND (PRG), 0 - 234 mg/kg
≤1.25 X PRG, 234 - 293 mg/kg
≤1.5 X PRG, 293 - 351 mg/kg
≤2 X PRG, 351 - 468 mg/kg
≤5 X PRG, 468 - 1170 mg/kg

≤10 X PRG, 1170 - 2340 mg/kg

>10 X PRG, >2340 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP

OUTFALL

OUTFALL

MAXIMUM ZINC CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

ZINC POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-2 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 17SCALE IN FEET
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BACKGROUND (PRG), 0 - 234 mg/kg
≤1.25 X PRG, 234 - 293 mg/kg
≤1.5 X PRG, 293 - 351 mg/kg
≤2 X PRG, 351 - 468 mg/kg
≤5 X PRG, 468 - 1170 mg/kg

≤10 X PRG, 1170 - 2340 mg/kg

>10 X PRG, >2340 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (0-2')1

OUTFALL

OUTFALL

MAXIMUM ZINC CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

ZINC POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
2-6 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 18SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 234 mg/kg
≤1.25 X PRG, 234 - 293 mg/kg
≤1.5 X PRG, 293 - 351 mg/kg
≤2 X PRG, 351 - 468 mg/kg
≤5 X PRG, 468 - 1170 mg/kg

≤10 X PRG, 1170 - 2340 mg/kg

>10 X PRG

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (2-4') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (4-6') 1

OUTFALL

OUTFALL

MAXIMUM ZINC CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

ZINC POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
6-10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 19SCALE IN FEET
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BACKGROUND (PRG), 0 - 234 mg/kg
≤1.25 X PRG, 234 - 293 mg/kg
≤1.5 X PRG, 293 - 351 mg/kg
≤2 X PRG, 351 - 468 mg/kg
≤5 X PRG, 468 - 1170 mg/kg

≤10 X PRG, 1170 - 2340 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
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DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (6-8') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (8-10') 1

OUTFALL

OUTFALL

MAXIMUM ZINC CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

ZINC POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
>10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 20SCALE IN FEET
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BACKGROUND (PRG), 0 - 234 mg/kg
≤1.25 X PRG, 234 - 293 mg/kg
≤1.5 X PRG, 293 - 351 mg/kg
≤2 X PRG, 351 - 468 mg/kg
≤5 X PRG, 468 - 1170 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
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RIP-RAP
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MAXIMUM ZINC CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

NICKEL POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-0.5 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 21SCALE IN FEET
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FORMER
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AREA BUILDING 15

SPDES DISCHARGE

OUTFALL

BUILDING 52
OUTFALLS

BUILDING   52

BACKGROUND (PRG), 0 - 35 mg/kg
≤1.25 X PRG, 35 - 44 mg/kg
≤1.5 X PRG, 44 - 53 mg/kg
≤2 X PRG, 53 - 70 mg/kg
≤5 X PRG, 70 - 175 mg/kg

≤10 X PRG, 175 - 350 mg/kg

>10 X PRG, >350 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP

OUTFALL

OUTFALL

MAXIMUM NICKEL CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

NICKEL POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
0-2 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 22SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 35 mg/kg
≤1.25 X PRG, 35 - 44 mg/kg
≤1.5 X PRG, 44 - 53 mg/kg
≤2 X PRG, 53 - 70 mg/kg
≤5 X PRG, 70 - 175 mg/kg

≤10 X PRG, 175 - 350 mg/kg

>10 X PRG, >350 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (0-2')1

OUTFALL

OUTFALL

MAXIMUM NICKEL CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.



CS-21

SD-49 SD-48

SD-46
SD-44

GB-17

GB-16

GB-14

GB-13

GB-12

GB-11

GB-10

GB-09

EB-38

EB-37

EB-35

EB-33EB-32

EB-31

EB-30

EB-25

EB-24

EB-23

EB-22

EB-19

EB-18

EB-17

EB-16EB-15

EB-14EB-13

EB-11

EB-10

EB-08

EB-07

EB-06

EB-03

EB-02

EB-01

CS-48

CS-47

CS-46

CS-45

CS-44

CS-42

CS-38

CS-37

CS-36

CS-35

CS-33
CS-32

CS-31

CS-30

CS-28

CS-27

CS-26

CS-24

CS-23

CS-19

CS-18

CS-16

CS-15

CS-14

CS-12

CS-11 CS-09

CS-07

CS-06

CS-03

CS-02

SD-42

SD-40

SD-38

EB-36
CS-39

CS-22

CS-20 CS-08

EB-20

CS-43

G:
\Pr

oje
cts

\28
61

2\2
50

 - R
FS

\G
IS\

Ma
pP

roj
ec

ts\
20

11
_1

01
7_

TJ
V_

NiF
ive

Int
erv

als
BL

_D
1.m

xd

NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

NICKEL POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
2-6 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 23SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 35 mg/kg
≤1.25 X PRG, 35 - 44 mg/kg
≤1.5 X PRG, 44 - 53 mg/kg
≤2 X PRG, 53 - 70 mg/kg
≤5 X PRG, 70 - 175 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (2-4') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (4-6') 1

OUTFALL

OUTFALL

MAXIMUM NICKEL CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

NICKEL POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
6-10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 24SCALE IN FEET
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BUILDING   52

BACKGROUND (PRG), 0 - 35 mg/kg
≤1.25 X PRG, 35 - 44 mg/kg

OU-2 LIMITS
SHEET PILE
MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
PROPERTY BOUNDARY
SILT CURTAIN
OUTFALL

DOCK
RIP-RAP
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (6-8') 1
INTERPRETED EXTENTS OF 
COPPER CONTAMINATION (8-10') 1

OUTFALL

OUTFALL

MAXIMUM NICKEL CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.
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NYSDEC SITE#3-60-022
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

NICKEL POSTING MAP FOR MAXIMUM 
CONCENTRATIONS IN THE
>10 FOOT INTERVAL
SCALE: AS SHOWN
OCTOBER 2011 FIGURE 25SCALE IN FEET
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BACKGROUND (PRG), 0 - 35 mg/kg
≤1.25 X PRG, 35 - 44 mg/kg
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MEAN HIGH WATER (MHW)
OU-1/OU-2 BOUNDARY/MHW
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SILT CURTAIN
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DOCK
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MAXIMUM NICKEL CONCENTRATIONS 
WITHIN INTERVAL NOTES:

1)  THE INTERPRETED EXTENTS SHOWN ABOVE 
ARE PREDICTED BASED ON AVAILABLE VALIDATED
DATA, RIVER DYNAMICS AND CONCENTRATION 
TRENDS.  THEY ARE USED FOR ESTIMATING MASS 
AND VOLUME FOR THE PUPOSES OF THE RFS AND 
ARE SUBJECT TO MODIFICATION BASED ON THE 
RESULTS OF PRE-DESIGN INVESTIGATIONS.
2) ONLY SAMPLES TAKEN BETWEEN 0 TO 0.5 FEET 
BELOW MUDLINE WERE INCLUDED IN THE DATASET 
FOR THIS FIGURE. SAMPLES WHICH INCLUDED 
DEPTHS GREATER THAN 0.5 FEET BELOW MUDLINE,
 EVEN IF THEY INCLUDE THE 0 TO 0.5 INTERVAL, 
WERE EXCLUDED.





FORMER

BLDG

#55

FORMER

BLDG #57

FORMER

DOCK

FORMER

BLDG #56

-15
-10

-20

FORMER BLDG #52A
FORMER BLDG #54

FORMER

BLDG #53

FORMER

BLDG #22A

FORMER

BLDG #79A

R BLDG #22 EXISTING

OUTFALL

-30
-25

-5-10

-15

-20

-25

-30

-35

-35
-40

-5

MW-12

NORTHWEST AREA EXTENTS - SEE FIGURE 6

BS-01

BS-03BS-04

CS-01

CS-07

CS-20
CS-20A

CS-25
CS-26

EB-19

EB-20

HA-216

HA-219

RB-04

RB-09

RB-29

RB-30

RB-34 RB-35 RB-36

RB-37

SD-03

SD05-GB

SD-26

SD-34

SD-35

SD-36

SD-37

SD-38

SD-40

SD-48

N

W
E

S

0 60 120 180 240

SCALE IN FEET
SCALE:

G
:\
P

R
O

J
E

C
T

S
\2

8
6

1
2

\2
5

0
 -

 R
F

S
\A

P
P

E
N

D
IC

IE
S

\A
P

P
E

N
D

IX
 D

 -
 S

E
D

IM
E

N
T

 C
O

C
 S

A
M

P
L

E
 R

E
S

U
L
T

 M
A

P
S

\C
A

D
\2

8
6
1
2
-D

A
T

A
B

O
X

_
N

E
A

R
S

H
O

R
E

_
0
-2

F
T

.D
W

G

FIGURE 1A

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL 0 TO 2 FEET

NEARSHORE AND BACKWATER - NORTH

AS SHOWN

MAY 2011

LEGEND:

EXISTING STRUCTURES

FENCE

RIP-RAP

SEDIMENT/SOIL LOCATION

EXISTING OFFSITE OUTFALLS

PROPOSED SILT CURTAIN

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED WITHIN 0 - 2 FT INTERVAL
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FIGURE 1B

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL 0 TO 2 FEET

NEARSHORE AND BACKWATER - SOUTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED WITHIN 0 - 2 FT INTERVAL

LEGEND:

EXISTING STRUCTURES

FENCE

RIP-RAP

SEDIMENT/SOIL LOCATION

EXISTING OFFSITE OUTFALLS

PROPOSED SILT CURTAIN
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FIGURE 2A

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL 2 TO 6 FEET

NEARSHORE AND BACKWATER - NORTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED WITHIN 2 - 6 FT INTERVAL

LEGEND:

EXISTING STRUCTURES

FENCE

RIP-RAP

SEDIMENT/SOIL LOCATION

EXISTING OFFSITE OUTFALLS

PROPOSED SILT CURTAIN
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FIGURE 2B

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL 2 TO 6 FEET

NEARSHORE AND BACKWATER - SOUTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED WITHIN 2 - 6 FT INTERVAL

LEGEND:

EXISTING STRUCTURES

FENCE

RIP-RAP

SEDIMENT/SOIL LOCATION

EXISTING OFFSITE OUTFALLS

PROPOSED SILT CURTAIN
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FIGURE 3A

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL 6 TO 10 FEET

NEARSHORE AND BACKWATER - NORTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED WITHIN 6 - 10 FT INTERVAL

LEGEND:

EXISTING STRUCTURES

FENCE

RIP-RAP

SEDIMENT/SOIL LOCATION

EXISTING OFFSITE OUTFALLS

PROPOSED SILT CURTAIN
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FIGURE 3B

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL 6 TO 10 FEET

NEARSHORE AND BACKWATER - SOUTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED WITHIN 6 - 10 FT INTERVAL

LEGEND:

EXISTING STRUCTURES
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RIP-RAP

SEDIMENT/SOIL LOCATION

EXISTING OFFSITE OUTFALLS

PROPOSED SILT CURTAIN
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FIGURE 4B

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

DEPTH INTERVAL >10 FEET

NEARSHORE AND BACKWATER - SOUTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

SAMPLE LOCATIONS ARE COLOR CODED BASED ON THE

SHALLOWEST SAMPLE WITHIN THE INTERVAL.  SAMPLES

WERE SCREENED AGAINST THE FOLLOWING:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

NOT SAMPLED AT >10 FEET

LEGEND:
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FIGURE 5B

NYSDEC SITE #3-60-022

1 RIVER STREET

HASTINGS-ON-HUDSON, NEW YORK

ALL DEPTH INTERVALS

DEEPWATER AREA - SOUTH

AS SHOWN

MAY 2011

NOTES:

1. BASE PLAN PROVIDED BY BOSWELL ENGINEERING DRAWING NO. 04-209-MW (01/27/2006).

2. HISTORICAL SURVEY INFORMATION PROVIDED BY PARSONS IN JULY 2005.

3. MEAN HIGH AND MEAN LOW WATER ARE EL. +2.2 AND EL. -2.0, BASED ON HISTORICAL SITE

    REPORTS.

4. RIP-RAP DESIGNATION IN THE RIVER IS BASED ON INTERPRETATION OF SIDE SCAN SONAR

    DATA PROVIDED BY AQUASURVEY INC. IN NOVEMBER 2007.

5. BORING LOCATIONS OFF-SHORE ARE APPROXIMATE.

6. ALL RESULTS SHOWN IN PPM.

SITE KEY: NTS

TEXT COLORS WITHIN THE DATABOXES AS FOLLOWS:

TOTAL PCBs > 1 PPM

TOTAL PCBs < 1 PPM; AND

COPPER > 129 PPM; AND/OR

LEAD > 132 PPM; AND/OR

ZINC > 234 PPM

ALL CONCENTRATIONS BELOW SCREENING

VALUES INDICATED ABOVE

LEGEND:

EXISTING STRUCTURES
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SEDIMENT/SOIL LOCATION
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BACKGROUND 
 
The goal of this Scope of Work for the Toxicity Assessment is to provide a rationale for the 
development of Site-specific Cleanup Levels for metals that have already been defined as Site-specific 
constituents of concern (COCs) in OU-2 sediment.  This topic has been discussed with NYSDEC on 
numerous occasions and the proposed resolution is to conduct a Toxicity Assessment in accordance with 
current scientific methodology and standard procedures.  The Toxicity Assessment will include 
components prescribed by NYSDEC (2010) that will include additional sediment characterization, 
bioassays of contaminated sediments according standard EPA or ASTM methods for assessing acute 
and chronic effects, and benthic community analysis.  
 
Discussions with NYSDEC have included the proposed use of sediment quality values to define both the 
degree of contamination based on available guidance (NYSDEC, 1999) as well as a benchmark for the 
evaluation of preliminary remediation goals (NYSDEC, 2003).  These values, however, are not 
appropriate since default site-specific remedial goals or clean-up levels since they were intended for use 
as informal (nonregulatory) conservative screening values during the screening phase of the 
investigation (EPA, 2001; EPA, 2010; NOAA, 2006).  NYSDEC guidance (1999) states that once 
sediment has been identified as contaminated “a site-specific evaluation procedure must be employed to 
quantify the level of risk, establish remediation goals, and determine the appropriate risk management 
actions”.  As recommended in the guidance, the site-specific evaluation may include additional 
chemical testing and sediment toxicity bioassays.    
 
As discussed in NYSDEC guidance, additional risk management evaluations may be warranted if the 
volumes of sediment are large and/or difficult to remediate either because of accessibility, sensitivity of 
the impaired habitat, or lack of efficacious technology.  The areal extent of the contaminated sediments 
is also a factor in considering the need for, and method of remediation.   Also noted is the fact that, 
even for a persistent COCs, it may not be necessary to remediate the sediments if the contaminated area 
is a deposition zone, and the natural burying of the contaminated sediments beneath the zone of 
biological activity and availability would be expected to occur within a short time, and resuspension of 
the contaminants was unlikely (NYSDEC, 2010). 
 
The Proposed Remedial Action Plan for OU-2 (NYSDEC, 2003) stipulates that sediment cleanup goals 
for metals are to be “based on their toxicity to sediment-dwelling (benthic) organisms”.  This appendix 
provides a description of the Scope of Work that will be essential for a Toxicity Assessment for metals 
in sediment, which will be used as the basis to develop Modified Remedial Goals (MRGs).  These 
MRGs will then be used as Site-specific Cleanup Levels for the selected remedy.  
 
APPROACH 
 
This appendix describes the approach and scope of the Toxicity Assessment consistent with current 
scientific methodology.  A more detailed Toxicity Assessment Work Plan (Work Plan) will eventually 
be submitted to NYSDEC for review and approval prior to field work.  As appropriate for the 
contaminated media and contaminants of ecological concern identified by the FWRIA resource 
characterization (NYSDEC, 2010), the Work Plan will detail the collection of additional data including: 
data quality objectives, specific sample locations, methods for sample collection and handling, 
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analytical methods, data interpretation and schedule for the deliverable.  The more detailed components 
of the study design will also be presented in the Work Plan (e.g. standard operating procedures, the 
need to consider confounding factors, minor modifications to standard test methods, etc.).  
 
The most widely used scientifically accepted methodology for determining whether contaminated 
sediments may be adversely affecting benthic communities is a Sediment Quality Triad (SQT) 
(Chapman et al., 1987; Chapman, 1996;1997; Hyland and Costa, 1994; GLNPO, 2002; Wenning et 
al., 2002; BCPPRB, 2003; NAVFAC, 2003; Bay et al., 2009). The Sediment Quality Triad uses 
multiple lines-of-evidence to evaluate the quality of the sediment environment.  These lines of evidence 
include sediment chemistry, toxicity testing (using bulk sediment concentration as the exposure 
endpoint), and benthic invertebrate community analysis. The SQT will be supplemented by additional 
lines-of-evidence including measurement of dissolved pore water contaminant concentrations for the 
evaluation of bioavailability as recommended in State or Federal guidance documents (USEPA, 
2002a;b; NRC, 2003; USEPA, 2005a;b; ITRC, 2011). 
 
The rationale for this approach is that bulk sediment chemistry alone is a poor predictor of sediment 
toxicity (Hansen et al., 1996; Wenning et al., 2002; Di Toro et al., 2005; USEPA, 2005).  The 
complexity of metals behavior in water and sediments makes it very difficult to accurately predict the 
levels at which toxic effects will occur (NYSDEC, 1999).  More specifically, a host of naturally 
occurring sediment components (e.g. sulfides, total organic carbon, silts/clays, iron/manganese 
hydroxides) and other sediment characteristics (e.g. grain size, pH, Eh, microbial community) have 
been documented that are known to significantly affect the bioavailability of metals (ITRC, 2011) and 
should therefore be measured in the field and/or laboratory. 
 
One challenge at OU-2 is that long term sediment deposition has resulted in natural recovery1

 

 of the 
bioactive zone (0-0.5’) in many areas of the Site, i.e. the deposition of suspended sediment over time 
has resulted in a decrease in surface sediment concentrations of both metals and PCBs to levels near 
background (NYSDEC, 2003; Llansó and Southerland, 2006).  One of the primary objectives of the 
sediment toxicity testing is to evaluate a range of contaminant concentrations sufficient to identify an 
“adverse effect” threshold.  Since COC concentrations in surface sediments in most areas of the site are 
now relatively low, sediment with contaminant concentrations at the upper end of their range must be 
collected from beneath the bioactive zone.  This introduces some uncertainty into the sediment toxicity 
evaluation since the anoxic subsurface environment likely bias the testing in a conservative direction, 
i.e. over-predicts toxicity, because higher levels of hydrogen sulfide (Wang and Chapman 1999) may 
cause adverse effects. 

Sampling of specific depth intervals are therefore required to obtain sediments that span the 
concentration range of metals COCs that are representative of potential MRGs.  For the purposes of 
describing the scope of the field investigation and associated sample collections, the following terms are 
used (some revisions may be needed based on observations in the field): 
 

                                              
1 USEPA defines natural recovery as, “a remedy for contaminated sediment that typically uses ongoing, naturally 
occurring processes to contain, destroy, or reduce the bioavailability or toxicity of contaminants in sediment” 
(USEPA 2005). 
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• Upper Sediment – the interval from mudline to 2 feet below mudline (0 – 2’) 
o Upper Sediment Zone 1 – the interval from mudline to approximately 6 inches below 

mudline (~0 – 0.5’) 
o Upper Sediment Zone 2 – the remaining interval in the Upper Sediment (~0.5 – 2’) 

 
• Lower Sediment – the interval from 2 feet below the mudline and deeper (>2’) 

 
SCHEDULE 
 
The proposed schedule is: 
 

• June 2011 – submit detailed Work Plan to NYSDEC 
• July 2011 – resolve NYSDEC comments, procure contractors 
• September 2011 – perform field investigations and sampling 

  
Sampling in September is proposed for consistency with historical sampling. 
 
GENERAL SCOPE OF WORK  
 
As mentioned above, this Appendix provides a general Scope of Work to evaluate the toxicity of OU-2 
sediments using a weight-of-evidence approach.  The outline below will serve as a framework on which 
to build a more comprehensive Work Plan for sampling of sediment and biota.  The resulting data will 
be used to develop sediment MRGs for individual metals. 
 
Task 1: Evaluation of Benthic Habitat and In Situ Organisms – Upper Sediment Zone 1 
 
The Work Plan will use a biased sediment sampling study design because much is already known about 
the distribution of both bulk PCBs and metals, and the development of MRGs for the latter will attempt 
to only use locations where the concentration of the former is <1 mg/kg.  The purpose of Task 1 is to 
therefore optimize locations proposed in the Work Plan by characterizing the type of benthic habitat at 
preselected locations as well as the real-time abundance and diversity of the benthic community in situ.  
This characterization is proposed to be documented using Sediment Profile Imaging (SPI), an advanced 
visualization tool that will obtain a more accurate picture of the benthic habitat and the bioactive zone 
than would otherwise be obtained from blind “grab” samples in the upper sediment.  The use of SPI 
will also confirm the actual depth of the bioactive zone.  Depending on the turbidity, SPI can also be 
deployed with broader area photography to provide additional documentation of abundance and 
diversity.  
 
The steps for this task include: 
 

1. Review of ‘Debris Field’ maps and other historical data to identify locations conducive to the 
use of SPI (e.g. “soft” vs. “hard” substrate, unworkable slopes) and a box core sampler 
(required to obtain enough volume of sediment for Task 2 & 3).  Based on this review, propose 
locations for SPI deployment.   
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2. Perform Sediment Profile Imaging to characterize habitat, benthic infauna and depth. Based on 
field observations, expand the extent of the SPI to identify and recommend actual sample 
locations. 

3. Document observations from Sediment Profile Imaging 
a. Type of habitat/substrate and the depth to Redox Potential Discontinuity layer (i.e. at 

what sediment depth are reducing conditions observed) 
b. Types of organisms (e.g. epifaunal vs. infaunal) 
c. Presence of bioturbation/voids 

4. Interpret observations and identify any substantial differences between the “Reference” and 
“Site” locations. 

 
Task 2: Sediment Quality Triad (SQT) and Supplemental Lines-of-Evidence – Upper Sediment 
Zone 1 (the Bioactive Zone). 
 
The potential for adverse effect to ecological receptors in the bioactive zone will be evaluated using the 
SQT supplemented by characterization of pore water chemistry and an evaluation of metals 
bioavailability.   
 

1. Bulk Sediment chemistry:  measuring Site-specific Constituent of Concern (COCs) bulk 
sediment concentrations (PCBs, copper, lead, zinc and nickel).   

2. Sediment toxicity:  measuring survival and growth in laboratory exposed organisms 
3. Benthic macroinvertebrate community: species composition, abundance/density, taxa 

richness, diversity indices, etc.  
 
In order to better understand the results of the benthic community analysis and the toxicity tests, 
applicable field and lab parameters that may markedly affect toxicity testing and/or reduce 
bioavailability will also be measured.  These include: 
 
 Simultaneously Extracted Metals – Acid Volatile Sulfide (SEM-AVS) 
 Dissolved porewater concentrations 
 Oxidation-reduction Potential (ORP) 
 pH 
 Grain Size (particularly percent fines) 
 Total Organic Carbon (TOC) 
 Ammonia 

 
The evaluation of SEM-AVS is crucial to the understanding of bioavailability as sediments at the Site 
have been already demonstrated to contain excess metals binding capacity (Ankley et al., 1996; BB&L, 
2006).  SEM-AVS has also been shown to contradict the practice of applying sediment quality values 
(Hinkey and Zaidi, 2007) which are not site-specific benchmarks (O’Connor, 2004; EPA, 2010).   
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The main steps for the completion of this task include: 
 

1. Identify Reference and Site Sample Locations 
 
In collaboration with NYSDEC, the information from Task 1 will be used to review locations identified 
in previous studies (e.g. Earth Tech, 2000) and review existing bulk sediment metals concentration data 
to confirm the appropriate upstream Reference stations.  Since the overall study design is a biased 
sampling protocol, at least 30 Site stations and 5 Reference stations are recommended to ensure a robust 
statistical comparison between Site and non-Site related toxicity.  An discussed above, an important 
objective will be to choose a cohort of Site samples that would nominally span a range of potential 
copper MRGs but have a PCB concentration of less than 1 ppm.  Data from Task 1 will help to avoid 
difficult bottom substrate locations (e.g. debris/fill) as well as to optimize areas that would be 
conducive to the use of a box core sampler. 
 
Site stations will be collected first so that sampling of upstream Reference station locations do not bias 
downstream locations, and the latter can be adjusted if necessary.  This sequence also ensures the 
similarity of Reference stations to Site stations with regard to matching grain size and other applicable 
criteria. 

 
The selection of appropriate reference locations is critical to the SQT sampling design strategy.  Triad 
results from reference sampling locations serve as the benchmark to which results from potentially 
impacted sampling locations in the sediment area of concern are compared so that differences in the 
results of sediment bioassays and benthic community structure that are attributable to natural factors 
(i.e. variability in substrate composition and depth) can be differentiated from differences attributable to 
the presence of COCs. 
 
The criteria for selection of these reference locations will include the following: 
 
 Reference area sediments are historically uncontaminated by COCs from the Site; 
 Flow dynamics, depth and sedimentation regimes are similar to those in the study area;  
 The chemical composition of the sediments (i.e., total organic carbon, depth of redox layer, 

etc.) other than the presence of Site COCs is expected to be similar to that found at the Site; 
and 

 Substrate characteristics in the reference locations should encompass the range of substrate 
characteristics found in Site sediments (this includes presence of debris). 

  
2. Obtain Contemporaneous Sediment Samples:  

 
For Upper Sediment (Zone 1 and 2), contemporaneous sediment samples would be obtained using box 
cores (only the 0 – 0.5’ depth can be used for sampling macroinvertebrates).  For Lower Sediment, 6” 
diameter vibracore samples would be obtained.  The latter are expected to be needed to obtain COC 
concentrations that are historically higher than what currently exists in Upper Sediment Zone 1.  Splits 
of samples with NYSDEC can be provided upon request. 
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3. Split Box Core Samples for SQT  

 
Three box cores will be obtained at each station.  Each sediment sample would first be measured for in 
situ ORP.  Geotechnical observations of the sediment sample would also be recorded in the field.  A 
subsample from each (Upper Sediment Zone 1) will then be sieved and preserved for the evaluation of 
the benthic invertebrate community. 
 
The remaining sediment from each replicate (Zone 1) would then be gently homogenized and split for 
analysis to fulfill the data requirement for the remaining SQT lines-of-evidence: 

 
 An aliquot (~8 oz.) would be sent to an analytical laboratory for measurement of bulk 

metals and other sediment parameters. 
 The remaining sediment would be sent to a sediment toxicology laboratory for 

bioassays. 
 
4. Data collection 

 
The minimum data collected for each “leg” of the SQT would include: 

 
 Sediment Chemistry:  Bulk PCBs, copper, lead, zinc, nickel.  Supplemental analyses will 

include pH, ORP, grain size, SEM-AVS, ammonia and TOC. 
 Sediment Toxicity:  The test organism and respective exposure periods for the sediment 

bioassays will include the amphipod Leptocheirus plumulosus (10 day exposure) and the 
nematode Neanthes arenaceodentada (28 day exposure). The toxicity endpoints will include 
percent survival and growth rate.  The rationale for selecting these organisms includes 
tolerance for OU-2 habitat type (fine sediments and low salinity) as well as sensitivity to 
metals and tolerance to sulfides.  Bioassay protocols used will employ standardized USEPA 
and ASTM test methodologies (USEPA, 2003).  

 Macroinvertebrate Community:  to allow comparison with historical metrics (Earth Tech, 
2000), abundance, taxa richness, Simpson’s Index, Shannon-Weiner Index.   Other metrics 
may be included in the Work Plan.  Note that, based on the publication by Llanso & 
Southerland, most of the metrics within the Hudson River are within the poor - fair range 
with a few “good” ratings.  Additional metrics may be discussed in the Work Plan. 

 
Additional lines-of-evidence that may contribute to the interpretation of the SQT include: 
 

 SEM-AVS (adjusted for fraction organic carbon) 
 Dissolved porewater 
 
5. Supplemental samples 

 
Copper is the most prevalent metal COC and the distribution copper will drive the extent of the 
remedial action in the Nearshore Area.  Due to recent sediment deposition and other factors, the 
desired range of copper concentrations may not be present in the Upper Sediment Zone 1.  Therefore, 
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as previously discussed, the Work Plan will define a process for acquiring and preparing samples from 
other depths where elevated copper concentrations representative of the desired range of copper bulk 
sediment concentrations are present. 
 

6. Data Interpretation:  Weight of Evidence.  
 
The SQT is a weight-of-evidence approach that integrates results from sediment chemistry, toxicity 
testing, and benthic community analysis.  The data will be interpreted based on currently accepted 
practice and expert professional judgment (Bay et al., 2007).   A frequently cited example of a method 
used for interpreting the results of the SQT is provided by US EPA (2002) as follows: 
 
Possible 
Outcome 

Sediment 
Chemistry 

Toxicity 
Test 

Benthic 
Community 

Possible Conclusions 

1 + + + 
Impact highly likely:  community 
degradation evident. 

2 - - - 
Impact highly unlikely:  community 
degradation not evident. 

3 + - - 
Impact unlikely: COCs not 
bioavailable to sediment dwelling 
organisms. 

4 - + - 
Impact possible: unknown COCs or 
conditions causing adverse effects. 

5 - - + 
Impact unlikely: habitat/physical cond- 
tions may cause community 
degradation. 

6 + + - 
Impact likely: COCs may be stressing 
system but community has adapted. 

7 - + + 
Impact likely:  non-Site chemicals or 
substrate causing community 
degradation. 

8 + - + 
Impact likely:  COCs unavailable and 
habitat/physical factors affecting 
benthos.  

 
Contingency Table of Possible Outcomes Using the Sediment Quality Triad. (Adapted from: US 
EPA (2002)).   Legend: +  classified as affected;   - classified as unaffected. 
 
For any of the applicable endpoints below, conventional statistical methods will be employed to 
determine the outcomes of pertinent hypothesis testing (e.g. ANOVA), significant differences (e.g. 
means), types of distributions, principal components analysis, etc. The analytical approach will be 
discussed in detail in the Work Plan. 
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6.1 Sediment Chemistry 
 
Sediment chemistry, including pore water chemistry and SEM-AVS,  will be assessed against sediment 
toxicity by a statistical evaluation of the following dose-response curves: 
 

a) bulk sediment copper vs. mortality 
b)    “          “           “      vs. growth rate 
c) normalized (site-specific factors) sediment metals vs. mortality 
d)          “               “           “      vs. growth rate 

 
If a significant trend is discerned from bulk or normalized sediment concentration vs. percent mortality, 
the intersection of the dose-response curve with the 20% mortality rate may serve as a threshold for an 
MRG given that the relationship is statistically robust (e.g. the inclusion of a single outlier may 
significantly affect whether a dose-response relationship is viable). 

 
The SEM-AVS data will be evaluated using EPA’s “Procedures for the Derivation of Equilibrium 
Partitioning Sediment Benchmarks (ESBs) for the Protection of Benthic Organisms: Metal Mixtures”.  
After normalizing for the fraction organic carbon, the “predicted” response based on what range the 
SEM-AVS difference falls into, per the guidance, will be compared to the “actual” response of the 
sediment toxicity tests.  This will allow the determination of whether AVS and/or elevated levels of 
sediment organic carbon may be affecting the bioavailability of sediment metals (Ankley et al., 1996).      
 
Porewater chemistry should reflect the results of the SEM-AVS per the above EPA guidance.  An 
excess of AVS should keep porewater metals below the limit of detection, whereas metals may be 
bioavailable if SEM exceeds AVS.  Both of the above results, however, are not mutually independent 
of the fraction of TOC in each sample so, as mentioned above, the fraction of organic carbon will be 
included in the evaluation of porewater chemistry. 
 
The results of all five lines-of-evidence will we evaluated using applicable and appropriate statistical 
tests, the details of which will be provided in the Work Plan.  
 
6.2 Sediment Toxicity 
 
The results of the Site toxicity tests will be adjusted by the response of the Reference toxicity tests by 
using the latter as the “Reference control”.  Positive and negative internal controls (e.g. cadmium 
chloride and a metal-binding agent, respectively) will be included as replicates within each sample 
tested in the bioassay laboratory.  The interpretation of the toxicity test results will determine if there is 
a relationship between bulk sediment concentrations and the degree of adverse effect.  Because bulk 
concentration does not always reflect bioavailability of COCs, data interpretation may also use 
normalized concentrations (e.g. AVS-SEM/foc; normalizing bulk sediment concentration by the organic 
carbon content).  
 
The interpretation of the data will include standard toxicological principles such as regressing percent 
mortality and growth against the bulk concentration of each individual COC (i.e. copper, lead, zinc and 
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PCBs).  A LOAEL and NOAEL will be calculated using standard statistical techniques for toxicological 
data evaluation (e.g. TOXCALC™) that estimates the probability that an adverse effect would not occur 
at a particular metal concentration in sediment.  Standard sediment toxicity tests using estuarine 
organisms typically define a NOAEL as an 80% or greater survival rate of the bioassay test organisms 
when compared to reference samples (the latter having been obtained in a similar, but unimpacted, 
habitat). 
 
6.3 Macroinvertebrate Community 
 
Metrics calculated for benthic macroinvertebrates will be plotted against both bulk sediment and 
normalized sediment concentrations and conventional parametric and/or nonparametric statistical tests 
run to discern if the mean values for a particular metric are significantly different between the 
Reference and the Site areas.  Other environmental parameters will also be evaluated against benthic 
community metrics to discern if populations may be affected by physicochemical variables (e.g. grain 
size) that may or may not be related to Site contamination. 
 
It must be recognized that the overarching goal of the data interpretation will be to develop a unique 
MRG for each individual metal which will require the professional judgment of a board-certified 
environmental toxicologist.  All sediment samples are mixtures of both Site and non-Site related 
contaminants and additive, antagonistic and/or synergistic effects may be present.  Multiple regression 
analysis may be used to evaluate these relationships.  
 
Estimation of MRGs 
 
Using the above lines-of-evidence, if there is no significant exposure-response relationship between the 
sediment concentration of a COC and the results of the benthic community metrics and the laboratory 
test organisms, then it will be concluded the COC does not have any potential impact with regard to the 
overall health of the benthic community and it will be dropped as a constituent of “concern”.  If a 
significant dose-response is elicited between the sediment concentration and the laboratory test 
organisms, then an MRG will be derived by interpolating the concentration that elicits a survival rate of 
80% or more (equivocal to a mortality rate of ≤ 20%) .  Alternatively, a bimodal distribution between 
sediment metals concentration and toxicity may exist (implying a “threshold”) whereby only localized 
sediments will need to be remediated.   
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The purpose of this appendix is to report on recent research that, for the purposes of sediment 
remediation, will address the following question: 
 
 What is the typical depth range (or mean) for the bioturbation zone for an estuarine 

environment? 
 
A review of the literature indicates two primary conclusions for an estuary in the Northeast with a 
brackish environment: 
 
 the average depth of bioturbation that would be accessible to the demersal feeding organisms 

would be 10 centimeters (4 inches, with a range between 3 and 20 centimeters (1 ¼ inches – 7 
¾ inches) 

 
 over the long term, the most productive substrate for a shallow, brackish environment would 

be a hard substrate, ideally a cobble ≤  3 inches in diameter.  
 
It is understood that the river sediments in question, adjacent to the subject Site, is undoubtedly an 
estuarine, brackish environment as the site is at least 20 miles from the mouth of the Hudson River and 
that the reported salinities vary between 3.5 – 17.7 parts per thousand (ppt) (IT Corporation, 2000), 
which is less than half the normal salinity of seawater.  This range is confirmed in a 1999 study 
(ARCO, 1999) which observed salinities that “ranged from 8.7 ppt to 10.9 ppt among stations…”.  
Because that study was apparently close to the current site, it is instructive in that the benthic subtrates 
ranged from a rocky bottom (presumably rip-rap) near rows of wooden pilings to soft but cohesive 
muds and silts as one moved further offshore.  Rooted aquatic vegetation were absent, and benthic 
invertebrate communities were primarily represented by worms, amphipods, isopods, crayfish and 
occasional mollusks.   
 
The report concluded that there were not enough invertebrates to obtain an adequate tissue mass for the 
analysis of PCB residuals in living organism.  To illustrate what this type of environment might look 
like, Figure D1 shows a side profile image photograph taken of the benthic substrate in the Hackensack 
River (New Jersey), which is from a habitat that contained the same general range of salinity (15-16 
ppt; Joe Germano, pers. comm.)  The total width of the photograph is 14.5 centimeters, and it can be 
seen that the range of the Redox Potential Discontinuity (RPD) layer could be interpreted to be between 
3 and 10 centimeters (1¼ and 4 inches) of depth beneath the sediment-water column interface.  The 
RPD layer is generally defined as the depth below the sediment-water interface marking the transition 
from chemically oxidative to reducing processes (i.e. the depth that the vast majority of benthic 
organisms occupy).  Infaunal, burrowing organisms oxidize the sediments and may increase the zone 
of habitability as reflected in the depth of the RPD layer. Color changes in the substrate occur as a 
result of the oxidation and reduction of naturally occurring metals, such as iron and manganese, in the 
sediment bed. In Figure D1, the upper few centimeters appear brown from the formation of iron 
oxides/hydroxides, whereas the zone of reduction turns gray and eventually black in the deeper 
sediments from the formation of iron sulfide and pyrite.  The scientific literature clearly indicates that 
benthic organisms do not generally inhabit anoxic strata and the very few that do forage in this zone 
are able to transport RPD water down their burrows.   
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This demarcation of the “bioturbation depth” in Figure D1 appears to be in accordance with the 
general literature, which stipulates a mixing zone of about 10 centimeters, or approximately 4 inches 
(Jumars, 1993).    A paper by Boudreau (1998) states that the “activities and consequently the 
bioturbational effects of deposit-feeding organisms are largely restricted to a narrow surficial zone of 
marine sediments with a world-wide, environmentally invariant mean of 9.8 cm with a standard 
deviation of 4.5 cm”.  A follow-up commentary by the same author (Boudreau, 2004) showed that 
particulate organic matter plays a large role in deeper marine sediments and, consequently, the most 
active zone would be approximately 3 centimeters (1¼ inches) in depth (similar to what is observed in 
Figure 1).  These observations are also consistent with a paper that assessed the spatial variability of 
intertidal benthic communities using a CAT-scan methodology (Mermillod-Blondin et al., 2003).  
Their paper clearly documented that the highest density of organisms, whether measured by 
invertebrate abundance (macrofauna & meiofauna), space occupied by biogenic structures (%), or 
space occupied by gravel (%), is primarily in the top 6 centimeters of benthic substrate (~2.5 inches), 
and the deepest points are above 15 centimeters (~6 inches). 
 
Laboratory mesocosms using 25 centimeter (~10 inches) sediment cores are also consistent with the in 
situ data, as, after  15 and 30 days of exposure, Nereis diversicolor burrowed down to depths of 14.5 
and 18.3 cm, respectively, or ~6 - 7” (François et al., 2002).   
 
With regard to the Hudson River proper, only one paper was located that addressed bioturbation depth 
(Thibodeaux et al., 2001).  The main objective of the article was to evaluate the bioturbation-driven 
transport of hydrophobic organic contaminants (HOCs, e.g. PAHs, chlorinated benzenes, PCBs) from 
bed sediments in the upper portion of the Hudson River.  The abstract states that one of the stages of 
the proposed mechanism for contaminant mobilization from sediment is “bioturbation of particle-bound 
HOCs from depth through the upper decimeter of the bed to the interface”.  Later in the paper, they 
state that “Radionuclide and contaminant profile-derived particle mixing depth vary widely, with values 
of 10 cm to greater than 20 cm in some locations.  So, the evidence for bioturbation is circumstantial.” 
For the depth variable used in their model, it appears their choice of a decimeter (10 centimeters or 
~3 inches) was based on their citation of the paper of Boudreau (1998).     
 
In terms of spatial productivity within an estuary (i.e. tidal zone moving from the mouth of a river 
upstream), an article by Winstona and Anderson (1971) showed that “the amount of bioturbation 
decreased up the estuary as the salinities became lower and the bottom-dwelling fauna changed in 
composition.”  Their field observations in the Great Bay estuarine system (New Hampshire) showed 
that a species of the polychaete (Nereis spp.) “appeared to be the most important turbation agents” and 
that “four different levels of bioturbation were observed during the course of the study ranging from 
highly turbate in a sandy bottom, marine environment near the mouth of the estuary to non-turbate in a 
silty bottom, brackish water environment near the head of the estuary.”  With regard to community 
composition, a study by Strayer and Malcom (2007) convincingly showed the importance of the 
presence of submersed aquatic vegetation, where “macroinvertebrate densities in plant beds were 4–5 
times higher, on average, than densities in unvegetated sediments in the Hudson” and concluding that 
“many species of macroinvertebrates were found chiefly on submersed plants, showing that plant beds 
are important in supporting biodiversity” within this river. 
 



Appendix F – Bioturbation Zone 
Revised Feasibility Study Report 

Page 3 
 
 

 

Given the above research, it is important to note that, from the standpoint of productivity in lotic 
systems and estuaries, a more varied substrate (e.g. presence of gravel, cobble, sand, snags, aquatic 
vegetation), particularly within the limits of the photic zone (~15-20 feet or 4.5-6 meters depth), 
would be more ecologically beneficial than a uniform substrate (Barbour et al., 1999).   This is 
because gravel, small rocks and/or cobble, through hydrological action, eventually become interlocked 
or “embedded”.  Once stable, periphyton, which is a thin layer of algae that grows on the surface of 
the rocks, then serves as continuous source of food from which benthic macroinvertebrates “graze”.  
The rock substrate and crevices also serve as an ecological niche for collector/gatherer types of 
organisms (e.g. caddisflies) and allow the accumulation of both coarse- and fine-particulate organic 
matter (which is also utilized by benthic macroinvertebrates). 
 
So, from both the standpoint of engineering design or biological productivity, portions of estuaries 
which have waters that are slightly brackish would most likely benefit through the use of a varied, 
natural substrate (e.g. stone or cobble ≤ 3” in diameter).  This should reduce erosion and scour and 
eventually increase the diversity of the substrate type and, subsequently, the biological productivity of 
the estuarine ecosystem. The Hudson River, being a highly turbid water body, would benefit from the 
standpoint of having a benthic habitat that is resistant to erosion during high water flows, yet allowing 
deposition of suspended particulate matter during extended periods of low flow that may, in turn, foster 
the growth of rooted, submersed aquatic vegetation and, consequently, an increase in the diversity of 
the benthic macroinvertebrate community.     
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Figure F1.  Side profile image of a benthic substrate (photo width = 14 cm) in the 
Hackensack River estuary (salinity ~16 ppt).  Small black arrows indicate 
biogenic structures (e.g. worm burrows, feeding voids, casts, tubes, shell 
fragments, etc.).  Black streaks are reduced metal sulfides indicative of 
anaerobic conditions.  Note light brown sediment surface, indicative of more 
aerobic (e.g., iron oxides) conditions. 
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The purpose of this appendix is to determine the background values for sediment metals which have 
been identified as sediment COCs at the Former Anaconda Wire and Cable Site in Hastings-on-Hudson, 
New York. These background values will be used to determine Site-specific Cleanup Levels in the RFS 
for those metals identified as Site-specific COCs.  These values consider both regional deposition and 
potential re-deposition through sediment migration from upstream areas.  The result provides a 
concentration that can reasonably be expected to persist post-remediation. 
 
BACKGROUND 
 
Two Site-specific investigations have included background samples for testing metals concentrations in 
sediments.  
 
Investigation Report, Harbor at Hastings Site - Background sediment samples, BS-08 and BS-09, 
were collected during the Supplemental Remediation Investigation in 1999 (Earth Tech, 2000). The 
results from these samples were later rejected due to sample contamination and the sample locations 
were subsequently resampled in 2001 as BKND-08 and BKND-09, respectively, and are labeled as such 
in Figure 1.  These ponar dredge grab samples represent the upper 6 inches of sediment. These samples 
were superseded during the 2001 Phase 3 investigation described below. 
 
Final Feasibility Study, Harbor at Hastings Site OU-2 - Background samples were obtained during 
Phase 3 of the Remedial Investigation in 2001 (Earth Tech, 2003).  Sample locations are shown in 
Figure 1 and sample data are presented in Table G1. This investigation included surface grab samples 
BKND-01 through BKND-10 which were obtained in the near shore areas on either side of the river 
and spanned the area between the site and approximately 2.5 miles upstream. Samples BKND-08 and 
BKND-09 (surface samples) along with BKGD-08 and BKGD-09 (subsurface samples) were obtained at 
the approximate locations of the earlier samples BS-08 and BS-09 respectively. 
 
Subsequent to analysis of the BKND (surface) samples, three locations, BKND-03, BKND-05 and 
BKND-06, were resampled to acquire additional data for specific metals. BKND-05 which was 
resampled for lead, BKND-03 was resampled for mercury and BKND-06 was resampled for cadmium. 
 
Based on this data and the then current guidance, calculations were performed to determine Site-specific 
background concentrations.  These values were subsequently used in the 2003 Feasibility Study (Earth 
Tech, 2003) and later in the New York State Department of Environmental Conservation (NYSDEC) 
OU-2 Proposed Remedial Action Plan (NYSDEC, 2003). 
 
REASON FOR REFINEMENT 
 
Changes in the technical guidance and the availability of data from studies published subsequent to the 
2003 FS are the two primary reasons that warrant a refinement of the Site-specific background 
concentrations presented in the 2003 FS and 2003 PRAP. 
 
The NYSDEC recently finalized the governing technical guidance (DER-10) which supersedes the 
"Draft Technical Guidance for Site Investigation and Remediation" under which the earlier Site-specific 
background concentrations were determined. The final document no longer contains a prescribed 
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method for background determination. DER-10 allows for either an area-wide sediment background 
study (section 3.8.3(a)(2)) or a Site-specific sediment background study (section 3.8.3(b)(2)) with 
remediation level determination covered by section 3.8.3(c).  
 
In 1987, the Hudson River Estuary Management Act directed the NYSDEC to develop a plan and 
program for the conservation of the estuary. The Benthic Mapping Project portion of the program 
included sediment sampling throughout the estuary with samples collected in 2000, 2001 and 2004. 
These datasets were published by the NYSDEC in 2007 as the GIS map product “Hudson River Estuary 
Sediments – Metals” (NYSDEC, 2009). Available data included results for metals analyses, an 
indicator for composite samples, sample date and sample method (e.g. surface grab). The study 
included 30 individual grab samples and 2 composite samples with analytical results for metals between 
approximately five miles upstream of the site and immediately downstream of the site. Locations for 
these samples are presented on Figure 1.  A summary of analytical results is included in Table G2. 
 
Based on consultations with and approval from NYSDEC, the Site-specific background sample data set 
was combined with an excerpted data set of relevant data from the Benthic Mapping Project.  This will 
refine the background determination with the inclusion of a larger number of samples covering a larger 
portion of the upstream depositional environment similar to the Site.  Also based on consultations with 
and approval from NYSDEC, a 95th percentile calculation method was selected for this Site-specific 
background concentration evaluation in sediments. 
 
DATA SET 
 
The refined data set includes the Site-specific background sample sets and a subset of subsequently 
available samples from NYSDEC Hudson River Estuary Benthic Mapping Project.  Selection of 
representative data points was conducted based on input and agreement from NYSDEC.  The refined 
data set excluded any samples located directly downstream from the Site.  The sample set includes 
samples located within 5 miles upstream of the Site.  The sample set focuses on depositional 
environments and areas close to shore, similar to the sample set in the RI. 
 
DATA GROUPS 
 
The data set was divided into four groups of relevant background samples:  Group 1 – The original 
(2001) site specific background samples (up to the 2-4 ft interval) plus individual nearshore samples 
from the NYSDEC (2007) Hudson River Estuary Benthic Mapping Project.  Group 2 – Additional 
nearshore samples from the NYSDEC (2007) study from locations in a depositional environment near 
Piermont Pier at Piermont, NJ.  Group 3 – Samples from the NYSDEC (2007) study from locations in 
an erosional environment near Nyack, NJ.  Group 4 – Two additional sets of composite samples from 
the NYSDEC (2007) study from the Piermont and Nyack vicinities. 
 
This yields a possible data set of 38 samples to complete our analysis.  Of those 38 samples, 18 are 
from the background studies conducted specifically for this Site and 20 are from the NYSDEC (2007) 
study.  For lead and chromium, only 17 Site-specific samples are used because the BKND-04 sample 
was rejected for those analytes. 
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CALCULATION 
 
In consultation with and based on agreement with NYSDEC, the statistical evaluation to be used to 
determine the background contaminant concentration level for the Site will be the 95th percentile value 
of the relevant data set.   
 
To calculate the 95th percentile, the concentrations must first be arranged in order from least to greatest 
and assigned an ordinal rank.  The r ranking of the P-th percentile (95 in this case) of an array of n 
ordered values can then be determined using the equation: 
 

  1   
P n 1

100
 I D 

 
 
Where I and D are the integer and decimal parts of the ranking, respectively.   
 
Use the following formula to interpolate the output p value between the necessary two numbers. 
 

p = YI + D(YI+1 – YI) 
 
Here is an example of the calculation. 
 
Given n=5; the array 15, 20, 35, 40, 50; and P=95: 
 
 

 1
95 5 1

100
 I D 

 
 

r = 4.8    where    I = 4    and    D = 8 
 

The calculated 95th percentile value equals: 
 

p = 40 + .8(50 – 40) 
 

p = 48 
 
 
In the analysis presented below, the results were calculated within a Microsoft Office Excel spreadsheet 
by means of the Percentile function.  The usage of this function is:   
 

p = PERCENTILE(ARRAY,P) 
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where the ARRAY is a list of the data set arranged in descending order and  P is the percentile value of 
interest.  In this case we are seeking the 95th percentile, so P = .95. 
 
Table G2 shows the measured concentration of the 9 preliminary COCs along with the calculated 95th 
percentile concentration, the average concentration, the standard deviation of the results and the counts 
of site specific (BKND) and Hudson River Estuary Benthic Mapping Project sourced samples used in 
the calculations. 
 
RESULTS 
 
The calculated background concentration values for the 9 preliminary COCs are as follows: 
 

Contaminant 
Metal 

Concentration 
mg/kg 

Copper  129 
Lead  132 
Zinc  233 
Arsenic  17 
Nickel  35 
Cadmium  1.5 
Chromium  91 
Mercury  1.7 

Silver  4.0 
 
Enclosures: 
Table G1 – Phase 3 Remedial Investigation 2001, Background Samples 
Table G2 – Calculated 95th Percentile Concentrations 
Figure 1 – Background Sample Groups 
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TABLE G1
PHASE 3 REMEDIAL INVESTIGATION 2001, BACKGROUND SAMPLES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

HALEY & ALDRICH OF NEW YORK
G:\Projects\28612\250 - RFS\Appendicies\Appendix G - Sediment Metals Background Values\2011_0602_TJV_Bagkground Value Group Tables G 1-2_F1.xlsx

MAY 2011
Page 1 of 1

Sample ID Copper Lead Zinc Arsenic Nickel Cadmium Chromium Mercury Silver Sample Date Comment

BKND-01 60.1 96.7 193 7.4 29.3 0.09 54.2 0.74 0.33 4/26/2001 Surface Grab
BKND-02 22.5 39.5 69.7 2.6 11.1 0.06 20.1 0.41 0.14 4/26/2001 Surface Grab
BKND-03 36.3 65.3 119 2.8 18.8 0.08 32.9 2.5 0.19 4/26/2001 Surface Grab
BKND-04 88.7 R 241 9 35.2 0.09 R 0.93 1.7 4/26/2001 Surface Grab
BKND-05 115 142 260 11 37.3 0.11 87.7 1 2.3 4/26/2001 Surface Grab
BKND-06 10.8 13.9 26.7 0.6 4.1 0.64 7.4 0.7 0.21 4/26/2001 Surface Grab
BKND-07 63.3 87.8 165 8.1 24.5 0.07 40.4 0.7 0.28 4/26/2001 Surface Grab
BKND-08 61.4 97.7 187 8.1 29.2 0.09 55.3 0.55 0.59 4/26/2001 Surface Grab
BKND-09 52.8 91.1 184 4.7 28.6 0.09 50.5 0.65 0.23 4/26/2001 Surface Grab
BKND-10 31.4 59.9 110 9.3 22.8 0.07 31.9 0.3 0.18 4/26/2001 Surface Grab
BKND-08 17 22.8 74.4 10.3 25.6 0.66 24 0.07 0.07 5/10/2001 Split Spoon (1-2ft)
BKND-08 11.3 15.8 69.4 10 24.3 0.66 23.7 0.04 0.08 5/10/2001 Split Spoon (2-4ft)
BKND-08 11.6 15.8 70.8 10.6 25.2 0.68 23.6 0.04 0.08 5/10/2001 Split Spoon (4-6ft)
BKND-08 10.5 15.6 69.5 10.4 24.4 0.64 23 0.04 0.07 5/10/2001 Split Spoon (6-8ft)
BKND-08 10.1 15.6 74.7 11.3 25 0.67 25.1 0.04 0.09 5/10/2001 Split Spoon (8-10ft)
BKND-09 95.1 93.2 182 12.8 30.2 1.7 79.4 0.86 4.6 5/14/2001 Split Spoon (0-.5ft)
BKND-09 204 135 206 14.9 30.7 2.7 108 1.6 5.7 5/14/2001 Split Spoon (1-2ft)
BKND-09 98.9 74.3 137 14.1 19.8 1.1 45.1 1.2 1.8 5/14/2001 Split Spoon (2-4ft)
BKND-09 9.3 10.4 49.2 6.1 15.4 0.42 14.7 0.09 0.11 5/14/2001 Split Spoon (4-6ft)
BKND-09 8 10.7 59.3 7.4 19.9 0.49 17.8 0.03 0.08 5/14/2001 Split Spoon (6-8ft)
BKND-09 7.7 10.4 57.6 8.3 19.4 0.5 17.9 0.03 0.07 5/14/2001 Split Spoon (8-10ft)

BKND-03R 37.9 45.2 104 3.5 15.4 0.59 27.6 0.33 1.8 7/25/2001 Surface Grab
BKND-05R 72.6 44.5 193 8.7 28.3 1 55.2 0.88 3.5 7/25/2001 Surface Grab
BKND-06R 64.3 40.6 175 7.3 25.4 0.87 48.5 0.77 3.5 7/25/2001 Surface Grab

Notes:
1.  All concentrations in mg/kg (ppm)
R = Rejected sample
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CALCULATED 95TH PERCENTILE CONCENTRATIONS
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

HALEY & ALDRICH OF NEW YORK
G:\Projects\28612\250 - RFS\Appendicies\Appendix G - Sediment Metals Background Values\2011_0602_TJV_Bagkground Value Group Tables G 1-2_F1.xlsx

MAY 2011
Page 1 of 2

Sample ID Copper Lead Zinc Arsenic Nickel Cadmium Chromium Mercury Silver

BKND-01 60.1 96.7 193.0 7.4 29.3 0.09 54.2 0.74 0.3
BKND-02 22.5 39.5 69.7 2.6 11.1 0.06 20.1 0.41 0.1
BKND-03 36.3 65.3 119.0 2.8 18.8 0.08 32.9 2.50 0.2
BKND-04 88.7 R 241.0 9.0 35.2 0.09 R 0.93 1.7
BKND-05 115.0 142.0 260.0 11.0 37.3 0.11 87.7 1.00 2.3
BKND-06 10.8 13.9 26.7 0.6 4.1 0.64 7.4 0.70 0.2
BKND-07 63.3 87.8 165.0 8.1 24.5 0.07 40.4 0.70 0.3
BKND-08 61.4 97.7 187.0 8.1 29.2 0.09 55.3 0.55 0.6
BKND-09 52.8 91.1 184.0 4.7 28.6 0.09 50.5 0.65 0.2
BKND-10 31.4 59.9 110.0 9.3 22.8 0.07 31.9 0.30 0.2

BKND-03R 37.9 45.2 104.0 3.5 15.4 0.59 27.6 0.33 1.8
BKND-05R 72.6 44.5 193.0 8.7 28.3 1.00 55.2 0.88 3.5
BKND-06R 64.3 40.6 175.0 7.3 25.4 0.87 48.5 0.77 3.5

BKND-08, 1-2 17.0 22.8 74.4 25.6 10.3 0.66 24.0 0.07 0.1
BKND-08, 2-4 11.3 15.8 69.4 10.0 24.3 0.66 23.7 0.04 0.1

BKND-09, 0-0.5 95.1 93.2 182.0 12.8 30.2 1.70 79.4 0.86 4.6
BKND-09, 1-2 204.0 135.0 206.0 14.9 30.7 2.70 108.0 1.60 5.7
BKND-09, 2-4 98.9 74.3 137.0 14.1 19.8 1.10 45.1 1.20 1.8

107 84.6 76.8 169.0 8.1 23.1 0 61.3 0.85 3.9
109 81.4 79.7 154.0 9.4 26.3 0 32.1 0.85 1.3
204 125.0 80.1 166.0 14.3 22.5 0 55.0 0.52 2.1
205 32.3 46.7 95.4 9.0 22.6 0 26.4 0.19 0.6
210 19.6 22.9 52.2 10.3 22.0 0 13.8 0.27 0.3
303 65.2 75.6 158.0 3.5 11.2 0 55.4 0.49 3.2

1088 148.0 131.0 232.0 14.2 25.6 1.50 96.7 1.90 2.8
1089 77.5 78.0 173.0 14.4 30.6 0.27 59.4 1.60 2.1
1092 60.9 77.2 181.0 10.6 26.1 0 60.1 0.58 2.3
1099 50.6 57.8 123.0 10.3 30.2 0 33.8 0.60 1.4

Group 1
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Sample ID Copper Lead Zinc Arsenic Nickel Cadmium Chromium Mercury Silver

 
157 68.7 63.9 152.0 8.1 22.0 0 51.1 0.73 3.4
160 71.1 65.9 150.0 6.9 21.7 0 52.2 0.80 3.4
105 68.7 66.1 153.0 8.1 23.1 0 51.8 0.49 3.2

1091 69.6 77.9 179.0 13.0 29.6 0 61.4 0.58 2.8

307 91.1 105.0 189.0 7.5 25.5 0 85.9 1.10 3.5
310 15.2 14.2 63.2 7.4 17.5 0 19.9 0 1.4

1086 45.5 40.1 154.0 16.2 36.6 0 47.5 0.58 1.0
1087 93.3 118.0 202.0 18.8 29.9 1.00 89.8 0.85 2.5

2031-2035 39.6 37.9 105.0 4.6 19.6 0.62 37.1 0.48 1.2
2036-2040 36.2 38.3 121.0 7.0 25.2 0.97 42.1 0.29 1.1

95th Percentile 128 132 233 17 35 1.5 91 1.6 4.0

Notes:
1.  All concentrations in mg/kg (ppm)
R = Rejected sample
0 = Non-detect within analytical limits
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This appendix summarizes the results of the geotechnical evaluation for the proposed remedial 
alternatives at the Former Anaconda Wire and Cable Company Site in Hastings-on-Hudson, New York.   
 
Elevations in this report are presented in feet and refer to the NAVD88 datum.  The figures referenced 
in this appendix can be found in the “Figures” section of the main report.  Slope stability analyses 
discussed in this appendix were performed using the computer software SLIDE version 5 and version 6, 
developed by Rocscience, Inc.   
 
Several design sections, as discussed herein, were chosen for analysis to form the basis for the RFS.  
The analysis will be expanded during Remedial Design. 
 
PROJECT BACKGROUND 
 
In general, background information on the Site and the remedial alternatives is discussed in detail in the 
main body of the RFS report.  Geotechnically speaking, there are two main variables between the 9 
remedial alternatives: 

• the amount of dredging, and 
• the design of the shoreline in the Northwest Area (i.e., sloped shore or bulkhead) 

 
The effect from changes in these two variables was evaluated from a geotechnical perspective.  
 
For reference, the table below provides a brief summary of the 9 remedial alternatives presented in the 
RFS report.   
 

Alternative Near-shore Dredge Back-water Dredge 
Deep-water 

Dredge 

Design of NW  
Area 

Shoreline 

1 No Action 

2 
Dredge up to 3 ft (for 

cap) 

Dredge up to 3 ft 
(for cap) 

Dredge 
Concentrated 

PCB 
Areas Only 

Shoreline 
sloped 3 Dredge up to 6 ft 

4 Dredge up to 10 ft  

5 
Dredge up to 3 ft (for 

cap) Shoreline 
extended into 

river with 
Bulkhead 

6 Dredge up to 6 ft 

7 Dredge up to 10 ft  

8 Dredge up to 10 ft  Dredge to El. -23 for 
boat slips, and 14 ft for 
Old Marina; assumes 

sheeting used for 
upland support 

9 Dredge up to 10 ft 
Dredge up to 

10 ft 

Dredge to El. -
38; Shoreline 

sloped 

 
 
An important aspect of the geotechnical design for the Site is slope stability.  Slope stability is one of 
the most significant design factors due to the relatively low strength of the Marine Silt.  The Marine Silt 
off-shore is of particular concern because it has not been consolidated as compared to the Marine Silt 
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on-shore, which has been consolidated by the weight of the overlying Fill.  Consolidation of the Marine 
Silt increases its strength which improves the slope stability. 
 
Slope stability refers to the ability of a slope/cut/bench to resist a rotational or sliding failure mode that 
can cause destabilization of retaining walls or slopes, such as those planned for the Site.  A slope 
failure could release contaminated soil into the Hudson River, resulting in damage to the Site and 
potential for injury to workers or the public.  Analysis of slope stability involves assessment of the 
balance between driving forces (typically the weight of materials on the inboard side of the wall) and 
resisting forces (typically the material weight on the outboard side of the wall and the shear strength of 
the soil along the failure surface).  A slope stability factor of safety of 1.5 is normally considered the 
minimum allowable for design of permanent slopes and retaining structures.  For this Site, a factor of 
safety of 1.5 has been chosen for both the permanent and temporary designs.  Choice of safety factors 
is discussed in more detail below.   
 
If slope stability is not satisfactory, as is the case with this Site (the slope stability factor of safety for 
the existing condition in the North is approximately 1.0), it is necessary to either reduce driving forces 
(such as by sloping back the shore to provide a flatter slope than existing), and/or increase the resisting 
forces (such as by constructing a berm in the river, increasing the soil strength by ground 
improvement/amendment, or constructing a wall of sufficient strength and bracing).  One or more of 
these design elements have been incorporated into the various remedial alternatives, as discussed below.  
SLIDE output results for the existing condition are provided in Attachment H1. 
 
Dynamic forces on the slopes and bulkhead wall due to a seismic event have not been included in this 
feasibility level design and will be assessed during Remedial Design.  However, considering only the 
static forces on the wall, the wall will be a significant structure, requiring member lengths that are near 
the upper limit of what is available.  It is possible that the addition of seismic forces will put the wall 
near the limit of what is technically feasible.  If this is found to be the case during the Remedial 
Design, additional support (berm or other structures) or bulkhead wall modifications may be required to 
provide the additional resistance needed for the seismic design event. 
 
FACTOR OF SAFETY 
 
This section discusses the geotechnical basis for determining the target factor of safety for the 
permanent and temporary cases.  For this project, “permanent” refers to the post-construction 
condition, after dredging is completed and backfilled, and after final design site grades have been 
established.   “Temporary” refers to the case during dredging, when the dredge areas are excavated and 
before they have been backfilled. 
 
Factor of Safety for Permanent Case 
 
A slope stability factor of safety of 1.5 is normally considered the minimum allowable for design of 
permanent slopes and retaining structures.  The following table provides a summary of industry 
guidance provided in a variety of standard geotechnical reference documents regarding recommended 
factor of safety (FS) for slope stability design: 
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Reference Recommended FS Further Notes / Qualifications 

U.S. Department of Navy DM-7.1 
(1982) 

1.3–1.5 1.3 for short-term and 1.5 for long term 

U.S. Army Corps of Engineers (31 
October 2003) Slope Stability EM 1110-

2-1902 

1.3–1.5 1.3 for short-term and 1.5 for long term 

U.S. Army Corps of Engineers (1996) Not specifically 
addressed 

 

Lambe and Whitman (1969) 1.5 for design based on quality laboratory data (use 
higher FS if quality laboratory data is not 
available) 

International Building Code (2003) Not specifically 
addressed 

 

AASHTO (2002) 1.3–1.5 use 1.5 for structure with low tolerance for 
failure 

FHWA (1999) 1.3–1.5 use 1.5 for more critical structures 

 
Consistent with the general industry guidance, we have chosen a factor of safety of 1.5 as the minimum 
allowable for slope stability for the permanent case.  
 
Factor of Safety for Temporary Case 
 
The dredge depths discussed in the RFS report text are also based on maintaining a minimum factor of 
safety of 1.5 for slope stability for the temporary case.  Many general geotechnical guidance documents 
present 1.3 as an appropriate factor of safety for temporary conditions, as noted in the table above.  
However, we believe 1.5 is a more appropriate factor of safety for this Site for several reasons. 
 

• We have discussed constructability and construction sequencing internally and with our 
constructability consultant Envirocon and their marine foundation subcontractor, REICON.  It 
is the general consensus between Atlantic Richfield, the design team, and the contractors that it 
is preferable from a health and safety and general construction efficiency perspective to perform 
as much work from land as possible.  This may require relatively heavy dredging equipment to 
sit near the shore and reach into the water to perform dredging operations.  The dredge shapes 
in the RFS, which are based on a factor of safety of 1.5, typically use a nominal surcharge of 
200 psf (appropriate for a relatively light construction load).  If a higher surcharge is required 
based on the contractor’s proposed means and methods, it will decrease the factor of safety 
below 1.5.  In general, maintaining the factor of safety of 1.5 to design the dredge shapes will 
allow greater flexibility for the contractor to be able to perform the work without the concern of 
destabilizing the dredge slope. 
 

• The stability analysis is sensitive to the location of the slope relative to the shoreline.  In 
general, the factor of safety decreases when the slope is shifted toward the river, and increases 
when the slope is shifted toward land.  If the slope is shifted out during construction compared 
to the idealized analysis model due to obstructions or other construction tolerances, it would 
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cause the factor of safety to decrease. Using a factor of safety of 1.5 allows for more flexibility 
during construction to configure the shoreline without halting work for a redesign. 
 

• There is a relatively large scatter in the strength data for the Marine Silt.  While we have 
chosen a relatively conservative value for the Marine Silt strength for the overall Site design, it 
is possible and even likely that localized variations exist that result in some areas having 
somewhat higher strength, and some areas somewhat lower strength.  Using a factor of safety 
of 1.5 is more appropriate given the uncertainty of the Marine Silt strength.   

 
The factors above, especially if more than one of these situations occur in combination, may result in a 
construction condition that is less conservative than the idealized design condition.  The risk and 
potential long term health effects of a slope stability failure for the Site warrant the use of a factor of 
safety of 1.5 for the temporary condition. 
 
ANALYSES FOR TEMPORARY CASE 
 
This section discusses the geotechnical basis for determining the target dredge shape for the various 
alternatives.  Slope stability analyses were performed to determine the amount of dredging that can be 
performed in various areas while still maintaining the minimum factor of safety of 1.5.   
 
The following soil stratigraphy and strength parameters were used in our slope stability analyses.   
 

Soil Type Unit Weight, γ 
(pcf) 

Effective Friction 
Angle, φ’ 
(degrees) 

Undrained Shear 
Strength, Su 

(psf) 
Existing Fill 110 28 -- 

Marine Silt on 
land 

105 -- 0.25 x σv’ 

Marine Silt in 
river 

103 -- 0.25 x σv’ 

Basal Sand 125 36 -- 
Rip-rap Fill 120 36 -- 
Import Fill 125 32 -- 

Lightweight Fill 90 28 -- 

σv’ = in situ vertical effective stress 
 
The water table was assumed at MLW (El. -2) in the river, and 1 ft above MLW on land (El. -1), to 
account for the potential of a slight lag in the tide condition between land and water.  Surcharge was 
assumed to be 200 psf, corresponding to nominal pedestrian, light traffic, or light construction loading. 
 
Dredge Shapes for Alternatives 2, 3, 5, and 6 
 
The dredge depth for these alternatives is based on the amount of dredge that achieves the RAOs, and is 
not limited by geotechnical constraints.  The factor of safety for the dredged slope for these alternatives 
is greater than 1.5.  Refer to Figures 4, 5, 7, and 8 for a plan view of the dredge areas and depths for 
Alternatives 2, 3, 5, and 6, respectively. 



Appendix H – Geotechnical Discussion 
Revised Feasibility Study Report 

Page 5 
 
 

 

 
Dredge Shapes for Alternatives 4 and 7 
 
Alternatives 4 and 7 consist of the following dredge areas (refer to Figures 6 and 9 for a plan view 
showing the dredge areas and depths for Alternatives 4 and 7, respectively): 

• Up to a maximum of 10 ft in Nearshore Areas 
• No dredging in the North Boat Slip, and a localized 3-ft dredge area in the South Boat Slip 
• A localized 3-ft dredge area in the Old Marina 
• Dredging in the Deepwater Area limited only to Concentrated PCBM areas 
• Northwest Offshore Area 

o Alternative 4 – Dredging as required to achieve designed slope 
o Alternative 7 – No dredging 

 
Note that the deepwater dredge areas are far enough from shore that they will not impact the upland 
slope stability.  Dredge depths were chosen based on RAOs, rather than geotechnical constraints, and 
they are not discussed in this appendix. 
 
The constructible dredge shape for these alternatives is based on the following constraints: 

• Soil parameters as summarized above 
• Maintain a minimum factor of safety of 1.5 
• Perform dredging subject to the following sequence constraints, where applicable: 

o upland excavations are open but not yet backfilled,  
o excavation to subgrade for sloped shore has been performed but armor has not been 

placed, 
o before final site grading is performed 

• Dredge slope on the east (land) side is no steeper than 2 ft horizontal to 1 ft vertical (2H:1V):  
• Dredge slope on the west (river) side is no steeper than 4H:1V 

 
The results of the analyses for the various site areas are provided in the table below, and a summary of 
the SLIDE output is provided in Attachment H2.  In some cases, the allowable dredge is limited by 
geometry rather than depth; in other words, there is not enough space between the shoreline and the silt 
curtain to meet the constraints of 2H:1V upland slope, 4H:1V river-side slope, and achieve the 
minimum factor of safety of 1.5.  Where this is the case, it is noted in the table below.  
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Area Location Allowable 
dredge 
depth 

TEMPORARY 
CASE 

Notes 

Nearshore 

Section 7650 >10 ft FS=1.7 for 10ft (maximum depth of 
contaminated sediment at this 

location is 6 ft) 
Section 6780 >10 ft FS=1.7 for 10ft (maximum depth of 

contaminated sediment at this 
location is 6 ft) 

Section 6265 >10 ft FS=1.6 for 10ft (maximum depth of 
contaminated sediment at this 

location is 4 ft) 

Backwater 

Old Marina 10 ft FS=1.5 for 10 ft; Limit upland 
backfill to <El. 1 during dredging; 

need 3H:1V side slope 
North Boat 

Slip 
NA No dredging proposed 

South Boat 
Slip (6500) 

10 ft FS=1.5 for 10ft 

Northwest Area Section 8100 El. -38  
Notes
Section numbers refer to the northing and easting coordinate grid shown on the figures. 

: 

 
The dredge slope on the land side was limited to no steeper than 2H:1V for several reasons: 
 

 The dredge soils consist of an uncontrolled and unknown mix of miscellaneous fill, rip-
rap, and very soft silt/clay.  The behavior of such a miscellaneous mixture of soils is 
difficult to accurately model. 
 

 Localized sloughing and raveling of the soils at the face of the slope could lead to 
undermining of the upland area, which could result in a slope stability concern.  The 
consequences of an upland slope stability failure are significant, relative to personnel 
health and safety and environmental concerns associated with DNAPL or other 
contaminates impacting the river. 

 
 Other dredging projects and reference documents indicate that the choice of the 2H:1V 

slope for the RFS design is relatively aggressive.  For instance, Palermo et al. (2008) 
indicate that for dredge slopes adjacent to an upland area, slopes between 2H:1V and 
5H:1V are within the “caution zone”, and slopes steeper than 2H:1V are in the “critical 
zone”, relative to affecting upland stability.  For the Hudson River PCBs Superfund 
Site in the Upper Hudson River, flatter side slopes of 3H:1V were used for dredge 
prism design (BBL, 2005).   
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The shallower 4H:1V dredge slope on the river side was chosen because the Marine Silt at the mudline 
in the river has extremely low strength, compared to the land side sediment which has been 
consolidated by the weight of the upland fill, and can support a steeper 2H:1V slope. 
 
The 2H:1V land side and 4H:1V river side slopes are approximate and may be revised during design or 
construction, based on results of future planned pilot studies and/or actual conditions encountered 
during construction. 
 
Dredge Shapes for Alternative 8 
 
Alternative 8 consists of the same dredge depths as presented for Alternative 7, with the following 
changes (refer to Figure 10 for a plan view of the dredge areas and depths): 

• El. -23 in the North and South Boat Slips 
• 14ft dredge in the Old Marina 

 
The allowable dredge depths for the Nearshore Areas and for the Old Marina are the same as provided 
in the table above for Alternatives 4 and 7.  The El. -23 dredge for the boat slips and 14 ft dredge for 
the Old Marina for Alternative 8 is achievable assuming that an anchored sheetpile wall is used for 
upland support during dredging.  The wall may be driven to the Basal Sand and would be removed after 
construction.  
 
Dredge Shapes for Alternative 9 
 
Alternative 9 consists of the same dredge depths as presented for Alternative 8, with the following 
changes (refer to Figure 11 for a plan view of the dredge areas and depths): 

• Maximum 2 ft to 10 ft in Deepwater Areas (see Figure 11) 
• Dredge up to approximately El. -38  in the Northwest Offshore Area 

 
The dredge shape in the Northwest Off-shore Area shown for Alternative 9 is based on a 2H:1V slope 
down from the base of the 9-ft deep upland excavation for OU-1.  The 2H:1V slope continues down to 
the bottom of the Marine Silt, which occurs at approximately El. -38 in the section shown on Figure 
15.  Because of the presence of the DNAPL in this area, it is not possible to support the upland with a 
sheetpile wall in an effort to perform deeper dredging against the shoreline, since the sheetpile cannot 
be driven into the Basal Sand.  
 
A summary of the SLIDE output for the Northwest Area El. -38 dredge is provided in Attachment H2. 
 
SLOPE STABILITY ANALYSES FOR PERMANENT CASE 
 
During Remedial Design, slope stability will be checked for the permanent case, after the dredge areas 
are backfilled, the OU-1 upland excavations are backfilled, and general site grading is performed.  The 
final slopes will be designed to provide a minimum factor of safety of 1.5. 
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LIMITATIONS 
 
This report has been prepared for specific application to the Former Anaconda Wire and Cable 
Company project as understood at this time, in accordance with generally accepted geotechnical 
engineering practice common to the local area.  In the event that changes in the nature, design or 
location of the project are planned, the conclusions and recommendations contained in this report 
should not be considered valid, unless the changes are reviewed by Haley & Aldrich and the 
conclusions of this report modified or verified in writing. 
 
The geotechnical analyses and recommendations are based, in part, upon the data obtained from the 
referenced subsurface explorations.  The nature and extent of variations between explorations may not 
become evident until construction.  If variations appear at that time, it may be necessary to re-evaluate 
the recommendations of this report.  
 
 
Enclosures: 

Attachment H1 - SLIDE Analyses to Determine Factor of Safety for Existing Condition in the 
North 

Attachment H2 - SLIDE Analyses to Determine Maximum Achievable Dredge for case 
without Sheetpile Support 
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ATTACHMENT H1 
 

SLIDE Analyses for Existing Condition, 
Northwest Area   
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Water M Silt 2
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Material Name Color
Unit Weight
(lbs/ft3)

Strength Type
Cohesion
(lb/ft2)

Phi
Cohesion
Type

Existing Fill 110 Mohr‐Coulomb 1 28

Import Fill 125 Mohr‐Coulomb 1 32

Land Marine Silt 1 105 Undrained 403 FDepth

Basal Sand 125 Mohr‐Coulomb 1 36

Land Marine Silt 2 105 Undrained 288 FDepth

Riprap 120 Mohr‐Coulomb 1 36
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Water M Silt 2 103 Undrained 69 FDepth
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ATTACHMENT H2 
 

SLIDE Analyses to Determine  
Maximum Achievable Dredge for  

Alternatives without Sheetpile Support  
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Material Name Color
Unit Weight
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Strength Type
Cohesion
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Phi
Cohesion
Type

Exist Fill 110 Mohr‐Coulomb 1 28

Land MS 1 105 Undrained 421 FDepth

B Sand 125 Mohr‐Coulomb 1 36

Water MS 103 Undrained 1 FDepth

Land MS 2 105 Undrained 352 FDepth

Water MS3 103 Undrained 38 FDepth

Water MS2 103 Undrained 78 FDepth
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Material Name Color
Unit Weight
(lbs/ft3)

Strength Type
Cohesion
(lb/ft2)

Phi
Cohesion
Type

Exist Fill 110 Mohr‐Coulomb 1 28

Basal Sand 125 Mohr‐Coulomb 1 36

Water M Silt 1 103 Undrained 2 FDepth

W MS 4 110 Undrained 49 FDepth

Water MS 2 103 Undrained 98 FDepth

Water MS 3 103 Undrained 29.5 FDepth

Land MS 2 105 Undrained 237 FDepth

Land MS 1 105 Undrained 306 FDepth
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Material Name Color
Unit Weight
(lbs/ft3)

Strength Type
Cohesion
(lb/ft2)

Phi
Cohesion
Type

Exist Fill 110 Mohr‐Coulomb 1 28

Land Marine Silt 1 105 Undrained 294 FDepth

Basal Sand 125 Mohr‐Coulomb 1 36

Water MS 1 103 Undrained 1 FDepth

Riprap/armor 120 Mohr‐Coulomb 1 36

Land MS 2 105 Undrained 237 FDepth

water MS 2 103 Undrained 98 FDepth

Land MS 3 105 Undrained 352 FDepth

Water MS 3 103 Undrained 48 FDepth

SECTION 6265
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Material Name Color
Unit Weight
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Cohesion
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Phi
Cohesion
Type

Existing Fill 110 Mohr‐Coulomb 1 28

Land Marine Silt 1 105 Undrained 320 FDepth

Basal Sand 125 Mohr‐Coulomb 1 36

Land Marine Silt 2 105 Undrained 392 FDepth

Water Marine Silt 1 103 Undrained 0 FDepth

Water M Silt 2 103 Undrained 196 FDepth

Land Marine Silt 4 105 Undrained 258 FDepth

Land Marine Silt 3 105 Undrained 294 FDepth
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W W
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INTRODUCTION 
 
This appendix describes the engineering basis for Subaqueous Capping (cap) and Backfill that will be 
included in the Revised Feasibility Study (RFS).  Post-dredge Subaqueous Capping and Subaqueous 
Backfill are both incorporated, to various degrees, within comprehensive OU-2 alternatives.   
 
Subaqueous Cap 
 
For the RFS, a preliminary design of cap construction is necessary for purposes of comparison and 
evaluation which will serve as a basis for a preliminary design.  Refinement of the preliminary design 
for the selected remedy will be completed during Remedial Design.   
 
Subaqueous Backfill 
 
Dredging in areas that do not require capping will be backfilled to restore bathymetry to the extent 
practicable.  Materials selection may be modified to include additional carbon content as needed to 
address elevated residual contamination (Modified Backfill). 
 
TERMS 
 

1. “Subaqueous” is defined as river bottom areas below Mean High Water (MHW) and therefore 
includes inter-tidal areas. 
 

2. “Cap” is defined as the aggregate system of components which function “to prevent direct 
human and wildlife exposure to contaminated surface sediments” (NYSDEC, 2003).  In some 
areas, the cap may be integrated within the Shore Protection system. 
 

3. “Shore Protection” is defined as the engineered system that mitigates potential erosion.  For 
various alternatives, shoreline protection may include one or more of the following: sheeting, 
engineered slopes with armor stone (e.g. rip rap) and currently existing materials. 
 

4. “Backfill” is defined as material placed within dredged areas to restore bathymetry. 
 
DESIGN GUIDANCE 
 
Erosion Protection Layer 

 
Design guidance for the erosion protection layer is provided by the Army Corps of Engineers in their 
2008 Coastal Engineering Manual, and in Guidance for In-Situ Subaqueous Capping of Contaminated 
Sediments, Appendix A. Armor Layer Design (Palermo, M., Maynord, S., Miller, J., and Reible, D. 
1998).   

 
Chemical Isolation Layer 

 
Design guidance is provided in Appendix B of the “Guidance for In-situ Subaqueous Capping of 
Contaminated Sediments (Palermo et al., 1998) titled “Model for Chemical Containment by a Cap”. 
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Dr. Reible, the author of “Model for Chemical Containment by a Cap” (Appendix B), provides a tool 
that assists in calculation for cap design.  This tool, Active Cap Design Model Version 3.14 was used 
to perform a preliminary sensitivity analysis of the variables for a PCB breakthrough calculation. 
 
Calculations use many different criteria to develop the appropriate thickness needed for containment. 
Significant criteria used in calculating the layer thickness include: 

 
1. Properties of the chemical being contained, 
2. Contaminant concentrations in sediment within 1 ft of the bottom of dredge surface, 
3. Organic content of the material, 
4. Advection and diffusion rates of pore water, and 
5. The design life of the cap.  

 
For the RFS, it has been assumed that the habitat and erosion protection layers perform no chemical 
isolation function although organic carbon content contained in these layers may be present below the 
bioactive zone and provide additional adsorption capacity which would serve to extend the cap life. 
 
EFFECTIVENESS 
 
Subaqueous Cap effectiveness must consider both erosion protection and chemical isolation.  These 
functions can be provided by one or more individual layers.  Material selection and thickness 
requirements for erosion protection and chemical isolation must consider different factors and will vary 
dependent upon river conditions and post-dredge residual sediment concentrations as well as the type of 
contaminants of concern. 
 
Erosion Protection 
 
The purpose of the erosion protection layer is to protect the underlying material (i.e. chemical isolation 
layer) from being exposed to erosional forces.  Therefore, key factors for design of the erosion 
protection layer are the natural and man-made forces which vary by location and water depth. 
 
An evaluation of erosion protection effectiveness should be separated by the river conditions.  There are 
three primary conditions that exist at the Site: backwater areas, shore areas and those areas not subject 
to significant wave action forces. 
 

A. Backwater Areas: For the purposes of this analysis, these areas are characterized by shallow 
water depths, thick natural deposition and are located out of the general flow of river currents.  
Due to the reduction of wave energy as a result of the shallow depths and reduced river 
currents, these areas are subject to much lower erosional forces.     

 
B. Shore Areas: For the purposes of this analysis, these areas are characterized by water depths 

that are subject to the most significant forces of wave energy and river forces.  
 

C. River Bottom Areas:  For the purposes of this analysis, these areas are characterized by deeper 
water depths that are not subject to significant wave energy but are subject to river currents. 
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Remedial design must consider both ordinary and extraordinary erosional events in the design of 
erosion protection.  For the purposes of the RFS, preliminary calculations were completed to establish a 
basis for material selection and thickness.  These typically vary by area as follows: 
 

A. Backwater Areas:  Based on a review of the existing condition (see the RFS Appendix B – 
Subaqueous Cap Stability), these areas would need a relatively small erosion protection layer to 
stabilize the existing sediment and would not expose sediments more than 2 feet deep. 
 

B. Shore Areas: Calculations were preformed to consider expected erosional forces in the RFS 
Appendix B – Shore Protection. 
 

C. River Bottom Areas: Based on a review of the existing condition (see the RFS Appendix B – 
Subaqueous Cap Stability), scour in this net depositional area would be limited to approximately 
12 inches and would require a relatively minor erosion protection layer.   

 
Prop wash, ice forces and marine vessel impacts will also be considered during Remedial Design which 
may modify the material selection; however these additional considerations are not expected to 
significantly change the conclusions of the preliminary calculations.  The practicable limit for 
placement of material in the conditions expected to be present at the site are such that a minimum of 6 
inches will be assumed for the RFS. 
 
As a basis for the RFS and Remedial Design, the following have been determined to be effective to 
prevent the exposure of underlying sediment: 
 

A. Backwater Areas: Erosion protection layer consisting of 12 inches of gravel or 18 inches of 
sediment could be used, assuming that wave energy is dissipated at the steep change in river 
bottom elevation that exists where these areas meet the river. 
 

B. Shore Areas: Armor stone size and thickness in varying areas of the site are presented in 
Appendix B – Shore Protection, Table B.3-3. 
 

C. River Bottom: 6 inches of course sand or 12 inches of sediment 
 
Chemical Isolation 
 
The purpose of the chemical isolation layer is to control migration of contaminants beneath the cap into 
the river or habitat layer. This layer inhibits the potential migration of contaminates by adsorption 
and/or isolation.  Since this layer is placed directly above post-dredge sediments, allowances are 
incorporated into the design for intermixing with the sediments and consolidation of the placed 
materials. 
 
An evaluation of chemical isolation effectiveness should address the presence and concentrations of 
Site-specific contaminates of concern (PCBs and the metals copper, lead, zinc, and nickel). 
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There is some concern that copper (or possibly other divalent metals) could, over time, migrate from 
pore water and ‘breakthrough’ an engineered sand cap.  Based on previous investigations, however, this 
is a very improbable scenario for the following reasons: 
 
USEPA’s Equilibrium Partitioning Sediment Benchmark (ESB) provides guidance to evaluate whether 
endogenous sulfides generated by river sediments are sufficient to bind specific metals. It is now widely 
accepted that there is good agreement between biological effects and porewater concentrations (DiToro 
et al., 1991a,b; NRC, 2003), rather than bulk sediment concentrations. “The form of the metal, and 
thereby the toxicity of a metal, are highly influenced by environmental conditions such as pH, 
alkalinity, REDOX potential, and the availability of complexing ions or ligands. Very generally, it can 
be said that the dissolved fraction of metals seems to account for most toxicity…” (NYSDEC 1999, 
VI.A).   The mechanism for reducing the bioavailability of divalent metals, according to the ESB 
guidance, is strong binding of metals by acid volatile sulfides (AVS) that are formed from sulfates in 
low oxygen environments (such as below the sediment interface). Studies (Ankley et al., 1996) have 
shown that if the molar concentration of AVS exceeds the concentration of simultaneously extracted 
metals (SEM), then toxicity will not be manifested in sediment bioassays. If the molar concentration of 
SEM exceeds AVS, then toxicity may be observed but other factors must be considered. The ESB 
guidance also considers the binding capacity of the fraction of total organic carbon in the sediment. 

 
This approach has been used to assess the OU-2 conditions at the Site (BB&L, 2006). Site-specific 
studies concluded that there is an excess of metal binding capacity in the OU-2 sediments. Subsequently 
NYSDEC raised questions regarding the target cleanup levels proposed based on BB&L’s analysis.  In 
a letter dated 12 March 2009, NYSDEC stated that “If ARCO wishes to pursue ESBs for sediment 
metals contamination at the Harbor at Hastings site, additional data beyond what was gathered 
previously would be needed.  This may include additional data collection during the pre-design phase to 
refine the metals clean up goals using an approach that would be specified as part of the remedy.” 
NYSDEC also stated that SEM-AVS is a “valuable tool" and Atlantic Richfield agrees. As suggested 
by NYSDEC, the RFS proposes to resolve the relationship between bulk sediment concentrations and 
Site-specific Cleanup Levels as part of the Remedial Design using a toxicity assessment as described in 
Appendix E. 
 
PCBs have an extremely low solubility and therefore are not expected but may be present in porewater 
at the Site.  Analysis for PCBs in filtered groundwater samples collected from wells in the Northwest 
Area detected total PCBs at very low or “non detect” concentrations.  PCBs were also measured in 
porewater during the Supplemental FS (Parsons, 2006) and were below the NYSDEC level of 
protection for acute effects to benthic macroinvertebrates of 10 ug/L and just slightly above the level of 
protection for chronic effects to benthic macroinvertebrates 0.03 ug/L (NYSDEC, 1999).  The high 
organic carbon content of the sediment and the very low aqueous solubility of the PCB-congener present 
(Aroclor 1262) inhibit partitioning into the dissolved phase. 
 
A hydrogeologic model was created for the Site in which porewater was modeled as migrating by 
advection through the marine sediments. This model calculated the upward flux of porewater through 
the marine sediments at 6 x 10-7 gal/min/ft2 which is a flow approximately 0.3 gallons per square foot 
during an entire year (see Section 2.5 in the RFS). 
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There are three primary materials that are considered at the site for chemical isolation:  Sand, Sediment 
and Modified Backfill.  
 
A.  Sand – Material placed post-dredge with a minimum fraction organic carbon (foc) of 0.7%. 

Fraction organic carbon was determined based on "Natural Attenuation of Fuels and Chlorinated 
Solvent in the Subsurface" (Weidemeier, 1999) 

 
B.  Sediment – Existing, In-situ, naturally deposited materials with Site-specific contaminates of 

concern concentrations below Site-specific Cleanup Levels 
 
C.  Modified Backfill – Clean fill material placed post-dredge that has been augmented to a fraction 

organic carbon (foc) greater than 1% 
 
Calculations were based on Aroclor 1260. This Aroclor was identified as a site-specific PCB Aroclor 
and is the primary Aroclor found at the site.  “The primary PCB mixture found on the Harbor at 
Hastings property and in site sediments was Aroclor 1260 with lesser amounts of Aroclors 1254 and 
1248.” (NYSDEC, 2003) 
 
Dr. Reible’s Active Cap Design Model Version 3.14 was used to perform a preliminary sensitivity 
analysis of the variables for a PCB breakthrough calculation. The objective of the analysis was to 
determine the magnitude of effect each variable had on the time for PCBs to break through the chemical 
isolation layer. This analysis did not consider the effects of bioturbation on breakthrough time, because 
for the purposes of the RFS, concentration levels beneath the bioturbation layer are the focus. The 
result of our analysis was a range of values for breakthrough time calculated based on the range of 
values we gathered for each variable. 
 
Significant criteria that provide the basis for calculating the required layer thickness include: 
 

• Properties of the chemical being contained 
o Chemicals of concern at the site include Aroclor 1260 and dissolved metals. 

 
• Bulk Sediment concentrations within 1 ft of the bottom of dredge surface 

o A Bulk sediment concentration of 35 ppm was used for PCBs which are higher than 
those expected in post-dredge sediments.  
 

• Organic content of the cap material 
o Sand with 0.7% fraction organic carbon (foc) can be acquired.  Excess sulfides at the 

site bind known or predicted sediment concentrations of metals (see discussion above), 
therefore calculations will focus on PCBs. 

o Sediment with fraction organic carbon of 3.75%. 
o Backfill with minimum of 1% fraction organic carbon. 

 
• Advection and diffusion rates of pore water 

o Advection rates of porewater are estimated to be 6 x 10-7 gal/min/ft2 which is equivalent 
to a darcy velocity of less than 1 inch per year for areas with a sloped shore 
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o Areas with bulkhead installations would have a lower advection rate, depending on the 
shoreline protection option chosen (e.g. Slopeback or Bulkhead). 

o Diffusion rates are less significant than advection rates. 
 

• The design life of the cap  
o 100 years 

 
The practicable limit for placement of material in the conditions expected to be present at the site 
require a minimum of 6 inches thickness.  Calculations were performed assuming 6 inches of material 
for each of the three primary materials that are considered at the Site for chemical isolation and used in 
the RFS. 

 
Conclusion 

 
As a basis for the RFS, the following have been determined to be effective for at least 100 years for 
preventing exposures due to underlying sediment.  Calculations will be revised as required during 
Remedial Design. 
 
A. Sand: 6 inches of sand with a minimum fraction organic carbon (foc) of 0.7%. 

 
B. Sediment: 6 inches of existing sediment. 

 
C. Modified Backfill: 6 inches of modified backfill.  
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The purpose of this appendix is to summarize the calculation methodology used to determine the mass 
of PCBs and metals in sediment at the Former Anaconda Wire and Cable Company Site (Site), located 
at 1 River Street in the village of Hastings-on-Hudson, New York.  These calculations were used to 
estimate the total amount of PCB and metals mass at the Site as well as the mass removed for each 
alternative described in the Revised Feasibility Study (RFS).  
 
The current Site database includes analytical results at more than 200 locations with approximately 670 
PCB results, 410 Copper results and 390 Lead results.  Due to the fact that the dataset was compiled 
from numerous sampling events and contained some vertical data gaps, a limited number of additional 
values were added. Concentrations were predicted by applying depositional trends to extrapolate 
predicted values in locations with limited vertical data. This was done by applying a curve fit line based 
on a nearby location with more extensive vertical data.  The total number of predicted values added to 
the data set was less than 2 percent. 
 

 
Total Mass Calculation Summary: 

The areal extent of contamination was established at each 2 foot depth interval by modeling analytical 
results and taking into consideration site history and supplemental data.  These areal extents are shown 
in Appendix D.  Theissen areas were created for each 2 foot depth interval using the ArcGIS software 
application.  Each Theissen area was assigned a value based on concentrations from sample data and a 
limited number of additional interpolated results (see above).  Results within and outside of the 
interpreted contaminant extents were calculated separately and then merged to create seamless layers.  
The results represent an area-weighted average concentration for contamination by depth interval across 
the Site.  The mass of contaminant was calculated from each Thiessen area based on area, depth and 
concentration.  The sum of contaminant mass from each Thiessen area in each 2 ft depth interval was 
used to compute the total mass within each OU-2 area. 
 

 
Accessible & Dredged Mass Calculation Summary: 

A 3D model was created using the Carlson Civil Suite 2008 for AutoCAD 2008 to generate existing 
and subgrade surfaces to support mass calculations.  For each OU-2 area, boundaries were established 
for both accessible areas and dredge areas for each 2 ft depth interval.  Accessible areas were 
determined based on constructible limits (see Section 7.3 of the RFS).  Dredge areas are shown on 
Figures 8-15 and 17-24 of the RFS.  Theissen areas, calculated in the manner described in the previous 
section, were then divided, as required, to allow computations of total accessible and dredge areas for 
each 2 ft depth interval.  The mass of contaminant was calculated from each Thiessen area based on 
area, depth and concentration.  The sum of contaminant mass from each Thiessen area in each 2 ft 
depth interval was used to compute the accessible or dredged mass within each OU-2 area. 
 

 
Mass Calculations: 

The following process and assumptions were made in estimating the PCB and metals mass in a given 
area, for total mass, accessible mass, and removed mass calculations. 
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Some portion of the accessible mass is associated with concentrations less than the Site-specific Cleanup 
Levels.  Removal of this sediment is not required and therefore was not included in the mass 
calculations for either accessible or dredged quantities. 
 
Contaminant mass was estimated for each Thiessen area as shown below: 
 
Representative Area (sf) x Depth Interval (ft) = Sediment Volume (cf)  
 
Sediment Volume (cf) x Sediment Dry Density1 (0.96 g/cc) x 28.32 (cc*kg)/(cf*g) = Weight of 
Sediment (kg) 
 
Weight of Sediment (kg) x Concentration within depth interval (mg/kg) / 1,000,000 mg/kg = Mass 
(kg) 
 
Mass (kg) x 2.2 lb/kg = Mass (lb) 
 

 
Data Summary 

Mass totals were generated based on the methods discussed above and combined for each OU-2 Site 
area.  The RFS text contains summaries of accessible mass and mass removed quantities and percent 
removal for each alternative. 
 
1  Sediment dry density value was determined based on Site geotechnical data. 
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This appendix presents a carbon footprint analysis for the implementation of each of the nine proposed 
remedial alternatives outlined in the Revised Feasibility Study (RFS) for 1 River Street, Hastings-on-
Hudson (herein referred to as the Site).  A carbon footprint is the total quantity of greenhouse gas 
(GHG) emissions released directly and indirectly by an individual, organization, process, event or 
product (Carbon Trust, 2007a). 
 
The carbon footprint analysis was conducted based on the following guidance documents: 
 
 World Business Council for Sustainable Development (WBCSD)/World Resources Institute 

(WRI), The Greenhouse Gas Protocol, a Corporate Accounting and Reporting Standard, 
Revised Edition (2004) 

 World Resources Institute, Designing a Customized Greenhouse Gas Calculation Tool (2006) 

 Carbon Trust, Carbon Footprinting, An Introduction for Organizations (2007a)  

 Carbon Trust, Carbon Footprint Measurement Methodology, Version 1.3 (2007b) 

 California Climate Action Registry (CCAR), General Reporting Protocol, Version 3.1 (2009) 

 The Climate Registry (TCR), General Reporting Protocol, Version 1.1 (2008) 
 
In accordance with the guidance documents stated above, the six GHGs listed in the 1997 Kyoto 
Protocol to the United Nations Framework Convention on Climate Change were considered: carbon 
dioxide (CO2), methane, nitrous oxide, sulfur hexafluoride, hydrofluocarbons (HFCs) and 
perfluorocarbons (PFCs).  For the purposes of this evaluation, CO2 was considered to be the primary 
contributor to the carbon footprints of the identified remedial alternatives.  Based on this assumption, 
this analysis does not quantitatively evaluate the other five GHGs.   
 
This analysis focuses on GHG emissions associated with on-Site treatment and transport of impacted 
sediment off-Site, as well as those emissions associated with the off-Site production and transport of 
steel to the Site.  The analysis included the following sources of emissions: 
 
 On-Site mobile combustion (for the operation of mobile equipment)  

 Off-Site mobile combustion (for the transportation of workers, raw materials and wastes to and 
from the Site); 

 Electricity use; and  

 Steel manufacture (steel is needed for different activities forming part of each of the nine 
remedial alternatives under consideration).  

 
Site Location 
 
The Site is located at 1 River Street, adjacent to the Hudson River in the Village of Hastings-on-
Hudson, in Westchester County, New York.   
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RFS Objectives  
 
Haley & Aldrich has prepared a RFS to identify and evaluate remedial alternatives that will attain 
conditions protective of human health and the environment for the current, intended, and reasonably-
anticipated future uses of the Site.  An additional objective of the RFS is to identify which alternative 
would attain the required conditions and be both cost-effective and technologically feasible.   
 
As part of the RFS, a carbon footprint analysis was performed for each of the nine proposed 
alternatives.  The results of this analysis are presented herein.  
 
REMEDIAL ALTERNATIVES 
 
In accordance with Feasibility Study guidance and the requirements of 40 CFR 300.430(e)(3)(i) and 
(ii), a range of remedial alternatives have been developed to reduce the toxicity, mobility, or volume of 
the hazardous substances, pollutants, or contaminants at the Site.  Nine alternatives have been included 
in the RFS.  The nine alternatives are described in the RFS and are listed below: 
 
 Alternative 1:

 

 No Action 

Alternative 2:

 

 Nearshore Cap with Dredge (for cap), Northwest Sloped Cap 

Alternative 3:

 

 Nearshore Dredge (6 ft) and Backfill, Northwest Sloped Cap 

Alternative 4:

 

 Nearshore Dredge (10 ft) and Backfill, Northwest Sloped Cap 

Alternative 5:

 

 Nearshore Cap with Dredge (for cap), Northwest Extension 

Alternative 6:

 

 Nearshore Dredge (6 ft) and Backfill, Northwest Extension 

Alternative 7:

 

 Nearshore Dredge (10 ft) and Backfill, Northwest Extension 

Alternative 8:

 

 Nearshore/Backwater Practicable Dredge and Backfill, Northwest Extension 

Alternative 9:

 

 Practicable Dredge in All OU-2 Areas and Backfill, Northwest Slope 

CARBON FOOTPRINT SCOPE AND BOUNDARIES 
 
This section presents the scope and boundaries of the carbon footprint analyses for the nine proposed 
remedial alternatives.   
 
Scope 
 
The scope of the carbon footprint analysis for each of the nine remedial alternatives took into account 
the following emission sources. 
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A. Mobile Combustion Emissions 
 

Mobile combustion sources include automobiles and trucks, as well as off-road vehicles such as 
forklifts and mobile construction equipment.  On-Site mobile emissions are generated by 
excavators, forklift trucks and other construction equipment required for site activities.  Off-
Site mobile emissions are generated by passenger vehicles, light-duty trucks (driven by 
contractors), heavy-duty trucks (required to transport steel to the Site and impacted sediment 
from the Site), airplanes, and barges (used to transport steel and other raw materials to the 
Site).  On-Site and off-Site mobile emissions were identified for the nine remedial alternatives. 
 

B. Indirect Emissions from the Generation of Electricity 
 

Indirect emissions are associated with the purchase and use of energy produced off-Site, such as 
electricity.  Although implementation of the alternatives does not allow for direct control of 
emissions associated with the production of energy off-Site, the indirect release of GHGs is 
considered a part of the carbon footprint analysis.  The purchase and use of electricity would be 
required for each remedial alternative. 
 

C. Physical or Chemical Processing Emissions 
 

These emissions result from the manufacturing and processing of materials and waste. Steel is 
required for each of the proposed alternatives. The manufacture of steel is associated with 
elevated GHG emissions.  Steel is the only material required in significant and varying 
quantities for the different remedial alternatives, and therefore only steel manufacture was 
considered for the purpose of RFS.  
 

D. Fugitive Emissions 
 

These emissions result from intentional or unintentional releases, such as equipment leaks, 
venting, seals, packing and gaskets.  Fugitive emissions were assumed to be de minimus, and 
were therefore not included in this carbon footprint analysis. De minimus emissions are those 
from one or more sources or from one or more gases, which when summed, are equal to or less 
than five percent of the remedial alternative’s total GHG emissions (CCAR, 2008).   

 
Boundaries 
 
The boundary of each remedial alternative defines which direct and indirect emissions were included in 
the carbon footprint analysis for each alternative (WBCSD/WRI, 2004; TCR 2008).  This analysis 
focuses on GHG emissions associated with on-Site treatment and transport of impacted sediment off-
Site, and those emissions associated with the off-Site production and transport of steel. Only activities 
emitting quantities of GHGs above the de minimus threshold were considered.  
 
The carbon footprints associated with manufacture of materials required for each of the alternatives 
were considered to be outside of the boundary of this analysis, excluding the production of steel.  This 
is because a complete life-cycle GHG analysis of the materials used as part of the remedial alternatives 
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is currently impractical since accurate information on the carbon footprint associated with the entire 
life-cycle of these materials is not currently readily available.  However, similar types and quantities of 
materials would be required for each remedial alternative and therefore the relative carbon impact of 
different alternatives was consider neutral with respect to materials, with the exception of steel, which 
is used in significant and varying quantities for the different alternatives.  Similarly, GHG emissions 
associated with extraction and processing of materials required for steel production, such as iron ore, 
coke and limestone, were not calculated.  
 
Long-term GHG emissions associated with landfilling of waste generated as part of the remedial 
alternatives were not included in the analysis.  It was not possible to accurately quantify these 
emissions, due to the variable nature of the waste.  It is likely, however, that long-term emissions from 
landfilling would be de minimus, as it is assumed that waste materials generated as part of each 
remedial alternative are non-petrucible and would therefore not produce significant quantities of GHGs 
(in the form of methane or “landfill gas”). 
 
De Minimus Emissions 
 
A number of GHGs and sources were considered de minimus. Emissions associated with these gases or 
sources were not included in this analysis.   
 
Sulfur hexafluoride, PFCs and HFCs are not typically emitted from the activities proposed for each of 
the remedial alternatives.  Relatively small quantities of methane and nitrous oxide are emitted during 
stationary combustion, indirect emission related to the use energy generated off-Site, and mobile 
combustion emissions.  Emissions of methane and nitrous oxide were considered to represent less than 
five percent of the alternative’s overall emissions.  Therefore, methane and nitrous oxide emissions 
were assumed to be de minimus and are not reported herein.  Only CO2 emissions were included in the 
carbon footprint calculations for each remedial alternative.  
 
A number of activities which would take place as part of the remedial alternatives were also considered 
to be de minimus, for example laboratory analysis.  
 
CARBON FOOTPRINT CALCULATION METHODOLOGY 
 
The following section describes the process used to calculate the carbon footprint for the nine remedial 
alternatives.  The carbon footprint calculation requires the identification of direct or indirect 
consumption of energy and associated emission factors.  An emission factor is a factor allowing GHG 
emissions to be estimated from a unit of available activity data and absolute GHG emissions 
(WRI/WBCSD, 2004; TCR, 2008).  The selected emission factors are shown in Table I.  A description 
of the carbon footprint calculation for different types of sources is described below.  
 
Mobile Emissions 
 
Emissions from mobile sources can either be calculated based on fuel use or distance traveled.  To 
calculate GHG emissions from mobile sources, the following steps were followed: 
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 Estimate the total fuel consumption or total distanced traveled; 

 Select the appropriate emission factors; 

 Calculate the CO2 emissions in metric tons, according to Equation 1. 
 
Equation 1: 
 

Total CO2 emissions   =    fuel consumed     x    emission factor     x     0.001 
          (metric tons)                 (gallons)                 (kg CO2 /gallon)       (metric ton/kg) 

 
Mobile combustion emissions by on-Site mobile equipment and by off-Site transport by barges were 
calculated using equation 1.  If fuel consumption was unknown but total mileage was provided, for 
example for off-Site travel by automobile, appropriate fuel efficiencies were used to calculate fuel 
consumption, according to equation 2: 

 
Equation 2: 

 
Total fuel use  =  mileage  /  fuel economy  
  (gallons)           (miles)        (mpg)                                     
 

Where, 
 

mpg = miles per gallon 
 

For travel by airplane, CO2 emissions were calculated directly based on distance traveled, according to 
equation 3: 
 
Equation 3: 

 
Total CO2 emissions = distance traveled    x   emission factor    x    0.001 
          (metric tons)           (miles)                  (kg CO2 /miles)     (metric ton/kg) 

 
Mobile combustion sources were identified for each of the remedial alternatives. Transportation 
requirements and associated mileage to transport workers to the Site are shown in Table II.  
Transportation requirements and associated mileage to transport impacted sediment off-Site by truck 
drivers are shown in Table III.  Energy inputs required for off-Site land-based mobile sources of 
emissions are shown in Table IV.  It was assumed that contractors drive light duty-trucks to the Site 
operated by diesel, truck drivers removing impacted sediment from the Site drive heavy-duty trucks 
operated by diesel fuel and other workers drive passenger vehicles operated by gasoline.  Energy inputs 
required for on-Site land-based mobile sources of emissions are shown in Table I.  Energy inputs 
required for off-Site air-based mobile sources of emissions are shown in Table V.  Energy inputs 
required for off-Site water-based mobile sources of emissions are shown in Table VI.   
 
Fuel economy data for passenger vehicles and trucks were provided by the U.S. Department of Energy, 
Transportation Energy Data Book, Ed. 29, 2010, The General Reporting Protocol, Version 1.1 (TCR, 
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2008) and from the U.S. Navy, the Army Corps of Engineers and Battelle’s SiteWiseTM User Guide 
(2010).  Fuel economy data for barges was provided by the Environmental Protection Agency’s 
Eleventh International Emission Inventory Conference (2002).  The emission factors for different fuels 
for passenger vehicles, trucks and on-Site mobile equipment were obtained from the General Reporting 
Protocol, Version 1.1 (TCR, 2008) and from the U.S. Navy, the Army Corps of Engineers and 
Battelle’s SiteWiseTM User Guide (2010).  The emission factor for fuel for airplane travel was provided 
by the WRI CO2 emissions tool from Business Travel (WRI, 2006). 
 
Indirect Emissions 
 
Indirect emissions are calculated, taking into account on-Site energy (electricity) consumption and its 
associated emission factor.  The following steps were followed to calculate indirect emissions from off-
Site electricity sources: 
 
 Estimate indirect electricity use for each of the alternatives; 

 Select the appropriate emission factor for electricity;  

 Calculate CO2 emissions in metric tons, according to equation 4: 
 
Equation 4: 

 
Total CO2 emissions = electricity use x electricity emission factor / 2,204.62 

       (metric ton)   (kWh)              (lbs CO2/kWh)             (lbs/metric ton) 
 
Where, 
 
kWh = kilowatts hour 
lbs = pounds 
 
Energy inputs required for the indirect emissions combustion are shown in Table I.  

 
Electricity grid emission factors represent the amount of GHGs emitted per unit of electricity consumed 
from the electricity transmission and distribution systems and is reported in pound per kilowatt-hour 
(lbs/kWh).  Carbon dioxide emission factors for electricity transmission and distribution were provided 
by the eGrid Emissions and Generated Resource Integrated Database (eGRID2010), Version 1.1 (2007 
data).   
 
Raw Material Manufacture  

 
Emissions released during the manufacture of steel are calculated, taking into account the quantity of 
steel required for the different remedial alternatives and the emission factor for steel.  The following 
steps were followed to calculate GHG emissions from steel manufacture: 

 
 Identify the quantity of steel required for site activities; 

 Select the appropriate emission factor for steel; 
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 Calculate each fuel’s GHG emissions (CO2 emissions) in metric tons, according to equation 5: 
Equation 5: 

 
Total CO2 emissions = quantity of steel  x emission factor    
    (metric tons)              (tons)                 (metric tons CO2/tons)       

 
Steel is required as part of each of the nine remedial alternatives, as shown in Table I. The emission 
factor associated with the production of steel was provided by the World Bank (World Bank, 2007).  

 
CARBON FOOTPRINT RESULTS FOR DIFFERENT ALTERNATIVES 
 
A carbon footprint analysis was performed for each of the remedial alternatives.  The results of this 
analysis are summarized below.  The carbon footprint associated with different types of off-Site mobile 
combustion emissions are summarized in Table VII.  The carbon footprint associated with mobile 
combustion, indirect emissions, and steel manufacture are shown in Table VIII.  A summary of the 
carbon footprint for each remedial alternative is shown in Table IX.   
 
Alternative 1 
 
Alternative 1 is the No Action alternative. Therefore, CO2 would not be released to the atmosphere as 
part of this alternative. 
 
Alternative 2 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 2. On-Site mobile 
emissions represent 67 percent of total CO2 emissions. Off-Site mobile emissions from land-based 
transport represent 18 percent of total CO2 emissions.  Off-Site mobile emissions from water-based 
transport represent 7 percent of total CO2 emissions.  For alternative 2, an estimated 9,781 metric tons 
of CO2 would be released to the atmosphere. 

 
Alternative 3 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 3. On-Site mobile 
emissions represent 65 percent of total CO2 emissions. Off-Site mobile emissions from land-based 
transport represent 18 percent of total CO2 emissions.  Off-Site mobile emissions from water-based 
transport represent 11 percent of total CO2 emissions.  For alternative 3, an estimated 10,138 metric 
tons of CO2 would be released to the atmosphere. 

 
Alternative 4 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 4.  On-Site mobile 
emissions represent 64 percent of total CO2 emissions. Off-Site mobile emissions from land-based 
transport represent 18 percent of total CO2 emissions.  Off-Site mobile emissions from water-based 
transport represent 11 percent of total CO2 emissions.  For alternative 4, an estimated 10,238 metric 
tons of CO2 would be released to the atmosphere. 
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Alternative 5 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 5.  On-Site mobile 
emissions represent 64 percent of total CO2 emissions. Off-Site steel manufacturing emissions represent 
12 percent of total CO2 emissions.  Off-Site mobile emissions from water-based transport represent 11 
percent of total CO2 emissions.  Off-Site mobile emissions from land-based transport represent 8 
percent of total CO2 emissions.  For alternative 5, an estimated 10,330 metric tons of CO2 would be 
released to the atmosphere. 

 
Alternative 6 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 6.   On-Site mobile 
emissions represent 61 percent of total CO2 emissions. Off-Site mobile emissions from water-based 
transport represent 14 percent of total CO2 emissions.  Off-Site steel manufacturing emissions represent 
12 percent of total CO2 emissions.  Off-Site mobile emissions from land-based transport represent 8 
percent of total CO2 emissions.  For alternative 6, an estimated 10,733 metric tons of CO2 would be 
released to the atmosphere. 
 
Alternative 7 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 7.  On-Site mobile 
emissions represent 61 percent of total CO2 emissions. Off-Site mobile emissions from water-based 
transport represent 15 percent of total CO2 emissions.  Off-Site steel manufacturing emissions represent 
12 percent of total CO2 emissions.  Off-Site mobile emissions from land-based transport represent 8 
percent of total CO2 emissions.  For alternative 7, an estimated 10,816 metric tons of CO2 would be 
released to the atmosphere. 
 
Alternative 8 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 8.  On-Site mobile 
emissions represent 45 percent of total CO2 emissions. Off-Site mobile emissions from land-based 
transport represent 22 percent of total CO2 emissions.  Off-Site mobile emissions from water-based 
transport represent 20 percent of total CO2 emissions.  Off-Site steel manufacturing emissions represent 
9 percent of total CO2 emissions.  For alternative 8, an estimated 29,010 metric tons of CO2 would be 
released to the atmosphere. 
 
Alternative 9 
 
Both direct and indirect emissions of CO2 are produced as part of alternative 9.  On-Site mobile 
emissions represent 46 percent of total CO2 emissions. Off-Site mobile emissions from land-based 
transport represent 26 percent of total CO2 emissions.  Off-Site mobile emissions from water-based 
transport represent 19 percent of total CO2 emissions.  Off-Site steel manufacturing emissions represent 
5 percent of total CO2 emissions.   For alternative 9, an estimated 42,889 metric tons of CO2 would be 
released to the atmosphere. 
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CONCLUSIONS 
 
A comparison of the carbon footprint for each remedial alternative is presented in Table IX. Alternative 
9 has the largest carbon footprint (an estimated 42,889 metric tons of CO2).  Excluding alternative 1, 
the No Action alternative, alternative 2 has the lowest carbon footprint (an estimated 9,781 metric tons 
of CO2).  The carbon footprint of alternative 9 is over four times greater than the carbon footprint of 
alternative 2.  As mentioned above, the largest source of CO2 emissions for all alternatives is on-Site 
mobile combustion.   
 
Uncertainty Analysis 
 
The carbon footprints associated with the production of materials required for each of the alternatives 
were not calculated, excluding the production of steel.  A complete life-cycle GHG analysis of the 
materials used as part of the remedial alternatives is currently impractical since accurate information on 
the carbon footprint associated with the entire life-cycle of these materials is not currently readily 
available.  However, similar types and quantities of materials would be required for each remedial 
alternative and therefore the relative carbon impact of different alternatives was considered neutral with 
respect to materials, with the exception of steel, which is used in various quantities for the different 
alternatives.  Similarly, GHG emissions associated with extraction and processing of materials required 
for steel production, such as iron ore, coke and limestone, were not calculated.  
 
Long-term GHG emissions associated with landfilling of waste generated as part of the remedial 
alternatives were not included in the analysis.  It was not possible to accurately quantify these 
emissions, due to the variable nature of the waste.  It is likely, however, that long-term emissions from 
landfilling would be de minimus, as it is not expected that these non-petrucible wastes would produce 
significant quantities of methane (landfill gas). 
 
Enclosures: 
Table I – Activities, Types of Emissions, Estimated Fuel Input, Emission Factors and  
 Assumptions Associated with Remedial Alternatives 
Table II - Transportation Requirements and Associated Mileage for Workers for 
 Different Alternatives 
Table III – Transportation Requirements and Associated Mileage for Truck Drivers for 
 Different Alternatives 
Table IV – Energy Inputs for Off-Site Land-Based Mobile Emissions  
Table V– Energy Inputs for Off-Site Air-Based- Mobile Emissions 
Table VI – Transportation Requirements and Energy Inputs for Water-Based Mobile Emission 
 Sources 
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Table VII – Carbon Footprint for Off-Site Land –Based Mobile Transportation for Different Remedial 
 Alternatives 
Table VIII – Carbon Footprint for Sources of Emissions for Remedial Alternatives 
Table IX – Summary of Carbon Footprint for Remedial Alternatives 
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS
Alternative 1

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 648,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
24 months. 

Contractor crew travel 324,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 24 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 198,720 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 24 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

46,080 miles on land;
460,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 24 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 36,720 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 24 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 54,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 24 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
17,280 miles on land; 
129,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 24 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 188,300 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
1,177 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 29,920 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 25 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 1,296,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
24 months.

Production of steel Raw Material Manufacturing 397 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 397 tons of steel is required.

Assume no remediation activities take place. 

Off-Site Mobile Combustion 
Alternative 2

HALEY & ALDRICH OF NEW YORK
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 648,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
24 months. 

Contractor crew travel 324,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 24 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 198,720 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 24 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

46,080 miles on land;
460,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 24 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 36,720 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 24 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 54,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 24 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
17,280 miles on land; 
129,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 24 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 197,400 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
1,190 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 68,000 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 39 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 1,296,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
24 months.

Production of steel Raw Material Manufacturing 397 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 397 tons of steel is required.

Alternative 3
Off-Site Mobile Combustion 
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 648,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
24 months. 

Contractor crew travel 324,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 24 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 198,720 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 24 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

46,080 miles on land;
460,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 24 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 36,720 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 24 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 54,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 24 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
17,280 miles on land; 
129,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 24 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 197,400 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
1,190 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 76,160 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 41 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 1,296,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
24 months.

Production of steel Raw Material Manufacturing 397 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 397 tons of steel is required.

Alternative 4

Off-Site Mobile Combustion 
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 648,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
24 months. 

Contractor crew travel 324,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 24 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 198,720 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 24 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

46,080 miles on land;
460,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 24 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 36,720 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 24 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 54,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 24 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
17,280 miles on land; 
129,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 24 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 93,800 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
380 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 122,400 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 41 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 1,296,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
24 months.

Production of steel Raw Material Manufacturing 2,861 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 2,861 tons of steel is required.

Alternative 5
Off-Site Mobile Combustion 
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 648,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
24 months. 

Contractor crew travel 324,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 24 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 198,720 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 24 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

46,080 miles on land;
460,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 24 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 36,720 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 24 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 54,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 24 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
17,280 miles on land; 
129,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 24 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 103,600 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
393 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 157,760 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 55 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 1,296,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
24 months.

Production of steel Raw Material Manufacturing 2,861 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 2,861 tons of steel is required.

Off-Site Mobile Combustion 
Alternative 6
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 648,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
24 months. 

Contractor crew travel 324,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 24 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 198,720 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 24 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

46,080 miles on land;
460,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 24 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 36,720 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 24 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 54,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 24 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
17,280 miles on land; 
129,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 24 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 103,600 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
393 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 165,920 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 58 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 1,296,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
24 months.

Production of steel Raw Material Manufacturing 2,861 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 2,861 tons of steel is required.

Alternative 7
Off-Site Mobile Combustion 
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 1,296,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
48 months. 

Contractor crew travel 648,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 48 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 397,440 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 48 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

92,160 miles on land;
921,600 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 48 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 73,440 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 48 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 108,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 48 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
34,560 miles on land; 
259,200 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 48 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 3,934,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
4,696 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 584,800 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 211 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 2,592,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
48 months.

Production of steel Raw Material Manufacturing 5,684 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 5,684 tons of steel is required.

Alternative 8
Off-Site Mobile Combustion 
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TABLE I
ACTIVITIES, TYPES OF EMMISSIONS, ESTIMATED FUEL INPUT, EMISSION FACTORS AND ASSUMPTIONS ASSOCIATED WITH ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON, NEW YORK

REMEDIAL ALTERNATIVE ACTIVITY TYPE OF EMISSION INPUT VALUES EMISSION FACTOR ASSUMPTIONS

Operation of on-Site equipment (for excavation, 
backfilling, sheeting installation…)

On-Site Mobile Combustion 1,944,000 gallons of diesel 10.15 kg CO2/gallon [1] i) Assume fuel usage of 27,000 gallons per month for 
72 months. 

Contractor crew travel 972,000 miles on land 10.15 kg CO2/gallon [1]
i) Assume 15 full-time contractors for 72 months. 
ii) Assume contractor crew resides locally for the 
project. Travel to Site is 20 miles each way.

On-Site Site engineering/inspection crew travel 596,160 miles on land  8.81kg CO2/gallon [1]

i) Assume 4 full-time workers for 72 months.
ii) Assume crew resides locally during the week. 
Travel to Site is 20 miles each way. Crew returns 
home each weekend. Travel home is 150 miles each 
way.

On-Site meetings

138,240 miles on land;
1,382,400 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume 8 people attend bi-weekly meetings for 72 
months.  
ii) Each person flies on average  600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stay at hotel located 20 miles from the Site.

Engineer Site visits 110,160 miles on land  8.81kg CO2/gallon [1]

i) Assume weekly visits for 72 months.
ii) Assume engineers drives 150 miles each way to 
Site, with an overnight night stay at a hotel 20 miles 
from the Site. 

NYSDEC Site monitoring 162,000 miles on land  8.81kg CO2/gallon [1]
i) Assume 1 full-time Site monitor for 72 months.
ii) Assume Site monitor drives 50 miles each way 
each day. 

Atlantic Richfield Site visits 
51,840 miles on land; 
388,800 miles by air

land travel: 8.81kg 
CO2/gallon [1];

air travel: 0.24 kg 
CO2/mile [2]

i) Assume weekly 3-day visits for 72 months.
ii) Employee flies 600 miles each way.
iii) Airport is located 40 miles from the Site. Assume 
overnight stays at hotel located 20 miles from the 
Site.

Off-Site removal of waste from Site by trucks 6,037,500 miles on land 10.15 kg CO2/gallon [1]
i) Assume each truck can transport 22 tons, therefore 
8,325 trucks required. 
ii) Assume trucks travel 350 mile each way.

On-Site haul of steel sheeting by barges 772,480 gallons of diesel 10.15 kg CO2/gallon [1]

i) Assume each barge can transport 773 tons, 
therefore 298 barges required.
ii) Assume barges travel for 16 hours each way.
iii) Assume 85 gallon fuel use per hour. [5]

On-Site electricity use for trailers and water 
treatment

On-Site Indirect Emissions 3,888,000 KWH 0.705 lbs CO2/kWh [3]
i) Assume 54,000 KHW per month electricity use for 
72 months.

Production of steel Raw Material Manufacturing 4,641 tons
0.36 metric ton CO2/ton 

of steel [4]
i) Assume 4,641 tons of steel is required.

Notes

[1] The emission factor for diesel was provided by the  Climate Registry's General Reporting Protocol, Version 1.1, May 2008 
[2] The emission factor for air travel was based on the emission factor provided by the WBCSD/WRI GHG Protocol Calculation Tool, CO2 Emissions from for Business travel, Version 2.0, 2006.

[5] Environmental Protection Agency, 2002, Eleventh International Emission Inventory Conference, http://www.epa.gov/ttn/chief/conference/ei11/

The basis for the values listed in the assumptions above was developed in consultation with Envirocon.

[4] The emission factor for steel manufacture was based on the emission factor provided in  the World Bank, Environmental, Health, and Safety Guidelines - Integrated Steel Mills, April, 2007.
[3] Emission factors for electricity transmission and distribution were obtained from the eGrid2010 Emissions Database, Version 2.1 (2007 data)

Alternative 9
Off-Site Mobile Combustion 
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TABLE II
TRANSPORTATION REQUIREMENTS AND ASSOCIATED MILEAGE FOR WORKERS FOR DIFFERENT ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Alternative 1
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 0 0 0
Engineer site crew 0 0 0
Meeting Attendees 0 0 0
Engineer site visits 0 0 0
NYSDEC Site Monitor 0 0 0
Atlantic Richfield employees 0 0 0

Total Number of Miles Traveled 0
Alternative 2
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles on Land
Contractor crew 15 21600 324,000
Engineer site crew 4 49680 198,720
Meeting Attendees 8 5760 46,080
Engineer site visits 1 36720 36,720
NYSDEC Site Monitor 1 54000 54,000
Atlantic Richfield employees 1 17280 17,280

Total Number of Miles Traveled 676,800

Alternative 3
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 21600 324,000
Engineer site crew 4 49680 198,720
Meeting Attendees 8 5760 46,080
Engineer site visits 1 36720 36,720
NYSDEC Site Monitor 1 54000 54,000
Atlantic Richfield employees 1 17280 17,280

Total Number of Miles Traveled 676,800

Alternative 4
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 21600 324,000
Engineer site crew 4 49680 198,720
Meeting Attendees 8 5760 46,080
Engineer site visits 1 36720 36,720
NYSDEC Site Monitor 1 54000 54,000
Atlantic Richfield employees 1 17280 17,280

Total Number of Miles Traveled 676,800

Alternative 5
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 21600 324,000
Engineer site crew 4 49680 198,720
Meeting Attendees 8 5760 46,080
Engineer site visits 1 36720 36,720
NYSDEC Site Monitor 1 54000 54,000
Atlantic Richfield employees 1 17280 17,280

Total Number of Miles Traveled 676,800

Alternative 6
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 21600 324,000
Engineer site crew 4 49680 198,720
Meeting Attendees 8 5760 46,080
Engineer site visits 1 36720 36,720
NYSDEC Site Monitor 1 54000 54,000
Atlantic Richfield employees 1 17280 17,280

Total Number of Miles Traveled 676,800

Alternative 7
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 21600 324,000
Engineer site crew 4 49680 198,720
Meeting Attendees 8 5760 46,080
Engineer site visits 1 36720 36,720
NYSDEC Site Monitor 1 54000 54,000
Atlantic Richfield employees 1 17280 17,280

Total Number of Miles Traveled 676,800
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TABLE II
TRANSPORTATION REQUIREMENTS AND ASSOCIATED MILEAGE FOR WORKERS FOR DIFFERENT ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Alternative 8
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 43200 648,000
Engineer site crew 4 99360 397,440
Meeting Attendees 8 11520 92,160
Engineer site visits 1 73440 73,440
NYSDEC Site Monitor 1 108000 108,000
Atlantic Richfield employees 1 34560 34,560

Total Number of Miles Traveled 1,353,600
Alternative 9
Type of Worker Number of Workers Miles Traveled on Land Total Number of Miles
Contractor crew 15 64800 972,000
Engineer site crew 4 149040 596,160
Meeting Attendees 8 17280 138,240
Engineer site visits 1 110160 110,160
NYSDEC Site Monitor 1 162000 162,000
Atlantic Richfield employees 1 51840 51,840

Total Number of Miles Traveled 2,030,400
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TABLE III
TRANSPORTATION REQUIREMENTS AND ASSOCIATED MILEAGE 
FOR TRUCK DRIVERS FOR DIFFERENT ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Alternative Number of Truck Loads
Miles Traveled 

(round trip)
Total Number of Miles 

on Land
1 0 0 0
2 1,177 700 823,900
3 1,190 700 833,000
4 1,190 700 833,000
5 380 700 266,000
6 393 700 275,100
7 393 700 275,100
8 4,696 700 3,287,200
9 8,325 700 5,827,500
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TABLE IV
ENERGY INPUTS FOR OFF-SITE LAND-BASED MOBILE EMISSIONS
1 RIVER STREET
HASTINGS-ON-HUDSON

Energy Input
(gallons)

Contractor crew 0 0 Diesel
Engineer site crew 0 0 Gasoline
Meeting Attendees 0 0 Gasoline
Engineer site visits 0 0 Gasoline
NYSDEC Site Monitor 0 0 Gasoline
Atlantic Richfield employees 0 0 Gasoline
Truck drivers 0 0 Diesel
Contractor crew 324,000 20,000 Diesel
Engineer site crew 198,720 8,793 Gasoline
Meeting Attendees 46,080 2,039 Gasoline
Engineer site visits 36,720 1,625 Gasoline
NYSDEC Site Monitor 54,000 2,389 Gasoline
Atlantic Richfield employees 17,280 765 Gasoline
Truck drivers 823,900 142,052 Diesel
Contractor crew 324,000 20,000 Diesel
Engineer site crew 198,720 8,793 Gasoline
Meeting Attendees 46,080 2,039 Gasoline
Engineer site visits 36,720 1,625 Gasoline
NYSDEC Site Monitor 54,000 2,389 Gasoline
Atlantic Richfield employees 17,280 765 Gasoline
Truck drivers 833,000 143,621 Diesel
Contractor crew 324,000 20,000 Diesel
Engineer site crew 198,720 8,793 Gasoline
Meeting Attendees 46,080 2,039 Gasoline
Engineer site visits 36,720 1,625 Gasoline
NYSDEC Site Monitor 54,000 2,389 Gasoline
Atlantic Richfield employees 17,280 765 Gasoline
Truck drivers 833,000 143,621 Diesel
Contractor crew 324,000 20,000 Diesel
Engineer site crew 198,720 8,793 Gasoline
Meeting Attendees 46,080 2,039 Gasoline
Engineer site visits 36,720 1,625 Gasoline
NYSDEC Site Monitor 54,000 2,389 Gasoline
Atlantic Richfield employees 17,280 765 Gasoline
Truck drivers 266,000 45,862 Diesel
Contractor crew 324,000 20,000 Diesel
Engineer site crew 198,720 8,793 Gasoline
Meeting Attendees 46,080 2,039 Gasoline
Engineer site visits 36,720 1,625 Gasoline
NYSDEC Site Monitor 54,000 2,389 Gasoline
Atlantic Richfield employees 17,280 765 Gasoline
Truck drivers 275,100 47,431 Diesel
Contractor crew 324,000 20,000 Diesel
Engineer site crew 198,720 8,793 Gasoline
Meeting Attendees 46,080 2,039 Gasoline
Engineer site visits 36,720 1,625 Gasoline
NYSDEC Site Monitor 54,000 2,389 Gasoline
Atlantic Richfield employees 17,280 765 Gasoline
Truck drivers 275,100 47,431 Diesel

Total Number of Miles on LandType of WorkerAlternative Type of fuel

7

5

6

1

2

3

4
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TABLE IV
ENERGY INPUTS FOR OFF-SITE LAND-BASED MOBILE EMISSIONS
1 RIVER STREET
HASTINGS-ON-HUDSON

Energy Input
(gallons)

Total Number of Miles on LandType of WorkerAlternative Type of fuel

Contractor crew 648,000 40,000 Diesel
Engineer site crew 397,440 17,586 Gasoline
Meeting Attendees 92,160 4,078 Gasoline
Engineer site visits 73,440 3,250 Gasoline
NYSDEC Site Monitor 108,000 4,779 Gasoline
Atlantic Richfield employees 34,560 1,529 Gasoline
Truck drivers 3,287,200 566,759 Diesel
Contractor crew 972,000 60,000 Diesel
Engineer site crew 596,160 26,379 Gasoline
Meeting Attendees 138,240 6,117 Gasoline
Engineer site visits 110,160 4,874 Gasoline
NYSDEC Site Monitor 162,000 7,168 Gasoline
Atlantic Richfield employees 51,840 2,294 Gasoline
Truck drivers 5,827,500 1,004,741 Diesel

9

8
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TABLE V
ENERGY INPUTS FOR OFF-SITE AIR-BASED MOBILE EMISSIONS
1 RIVER STREET
HASTINGS-ON-HUDSON

Meeting Attendees 0 0 0
Atlantic Richfield employees 0 0 0
Meeting Attendees 8 57,600 460,800
Atlantic Richfield employees 1 129,600 129,600
Meeting Attendees 8 57,600 460,800
Atlantic Richfield employees 1 129,600 129,600
Meeting Attendees 8 57,600 460,800
Atlantic Richfield employees 1 129,600 129,600
Meeting Attendees 8 57,600 460,800
Atlantic Richfield employees 1 129,600 129,600
Meeting Attendees 8 57,600 460,800
Atlantic Richfield employees 1 129,600 129,600
Meeting Attendees 8 57,600 460,800
Atlantic Richfield employees 1 129,600 129,600
Meeting Attendees 8 115,200 921,600
Atlantic Richfield employees 1 259,200 259,200
Meeting Attendees 8 172,800 1,382,400
Atlantic Richfield employees 1 388,800 388,800

3

1

2

Total Distance by AirType of WorkerAlternative Miles flown per workerNumber of workers

9

4

7

8

5

6
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TABLE VI
TRANSPORTATION REQUIREMENTS AND ENERGY INPUTS FOR WATER-BASED MOBILE EMISSION SOURCES
1 RIVER STREET
HASTINGS-ON-HUDSON

Alternative Number of Barge Loads Fuel consumption per Barge (gallons) Total Fuel Consumption
1 0 2,720 0
2 25 2,720 68,000
3 39 2,720 106,080
4 41 2,720 111,520
5 41 2,720 111,520
6 55 2,720 149,600
7 58 2,720 157,760
8 211 2,720 573,920
9 298 2,720 810,560

Assume barges are operated by diesel and diesel use is 85 gallons/hour
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TABLE VII
CARBON FOOTPRINT FOR OFF-SITE LAND-BASED MOBILE TRANSPORTATION 
FOR DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

GHG emissions
(metric tons)

Contractor crew 0
Engineer site crew 0
Meeting Attendees 0
Engineer site visits 0

NYSDEC Site Monitor 0
Atlantic Richfield employees 0

Truck drivers 0
Total Emissions = 0

Contractor crew 203
Engineer site crew 77
Meeting Attendees 18
Engineer site visits 14

NYSDEC Site Monitor 21
Atlantic Richfield employees 7

Truck drivers 1,442
Total Emissions = 1,782

Contractor crew 203
Engineer site crew 77
Meeting Attendees 18
Engineer site visits 14

NYSDEC Site Monitor 21
Atlantic Richfield employees 7

Truck drivers 1,458
Total Emissions = 1,798

Contractor crew 203
Engineer site crew 77
Meeting Attendees 18
Engineer site visits 14

NYSDEC Site Monitor 21
Atlantic Richfield employees 7

Truck drivers 1,458
Total Emissions = 1,798

Contractor crew 203
Engineer site crew 77
Meeting Attendees 18
Engineer site visits 14

NYSDEC Site Monitor 21
Atlantic Richfield employees 7

Truck drivers 466
Total Emissions = 806

Alternative Source of Emissions

1

2

3

4

5
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TABLE VII
CARBON FOOTPRINT FOR OFF-SITE LAND-BASED MOBILE TRANSPORTATION 
FOR DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

GHG emissions
(metric tons)

Alternative Source of Emissions

Contractor crew 203
Engineer site crew 77
Meeting Attendees 18
Engineer site visits 14

NYSDEC Site Monitor 21
Atlantic Richfield employees 7

Truck drivers 481
Total Emissions = 822

Contractor crew 203
Engineer site crew 77
Meeting Attendees 18
Engineer site visits 14

NYSDEC Site Monitor 21
Atlantic Richfield employees 7

Truck drivers 481
Total Emissions = 822

Contractor crew 406
Engineer site crew 155
Meeting Attendees 36
Engineer site visits 29

NYSDEC Site Monitor 42
Atlantic Richfield employees 13

Truck drivers 5,753
Total Emissions = 6,434

Contractor crew 609
Engineer site crew 232
Meeting Attendees 54
Engineer site visits 43

NYSDEC Site Monitor 63
Atlantic Richfield employees 20

Truck drivers 10,198
Total Emissions = 11,220

9

7

8

6
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TABLE VIII
CARBON FOOTPRINT FOR EMISSION SOURCES FOR DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

GHG emissions
(metric tons)

On-Site Mobile Emissions 0
Off-Site Mobile Emissions (Land) 0
Off-Site Mobile Emissions (Air) 0

Off-Site Mobile Emissions (Water) 0
On-Site Indirect Emissions 0

Off-Site Raw Material Processing Emissions 0
Total Emissions = 0

On-Site Mobile Emissions 6,577
Off-Site Mobile Emissions (Land) 1,782
Off-Site Mobile Emissions (Air) 142

Off-Site Mobile Emissions (Water) 690
On-Site Indirect Emissions 414

Off-Site Raw Material Processing Emissions 175
Total Emissions = 9,781

On-Site Mobile Emissions 6,577
Off-Site Mobile Emissions (Land) 1,798
Off-Site Mobile Emissions (Air) 142

Off-Site Mobile Emissions (Water) 1,077
On-Site Indirect Emissions 414

Off-Site Raw Material Processing Emissions 175
Total Emissions = 10,183

On-Site Mobile Emissions 6,577
Off-Site Mobile Emissions (Land) 1,798
Off-Site Mobile Emissions (Air) 142

Off-Site Mobile Emissions (Water) 1,132
On-Site Indirect Emissions 414

Off-Site Raw Material Processing Emissions 175
Total Emissions = 10,238

On-Site Mobile Emissions 6,577
Off-Site Mobile Emissions (Land) 806
Off-Site Mobile Emissions (Air) 142

Off-Site Mobile Emissions (Water) 1,132
On-Site Indirect Emissions 414

Off-Site Raw Material Processing Emissions 1,259
Total Emissions = 10,330

On-Site Mobile Emissions 6,577
Off-Site Mobile Emissions (Land) 822
Off-Site Mobile Emissions (Air) 142

Off-Site Mobile Emissions (Water) 1,518
On-Site Indirect Emissions 414

Off-Site Raw Material Processing Emissions 1,259
Total Emissions = 10,733

On-Site Mobile Emissions 6,577
Off-Site Mobile Emissions (Land) 822
Off-Site Mobile Emissions (Air) 142

Off-Site Mobile Emissions (Water) 1,601
On-Site Indirect Emissions 414

Off-Site Raw Material Processing Emissions 1,259
Total Emissions = 10,816

Alternative Source of Emissions

1

2

3

4

7

5

6
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TABLE VIII
CARBON FOOTPRINT FOR EMISSION SOURCES FOR DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

GHG emissions
(metric tons)

Alternative Source of Emissions

On-Site Mobile Emissions 13,154
Off-Site Mobile Emissions (Land) 6,434
Off-Site Mobile Emissions (Air) 283

Off-Site Mobile Emissions (Water) 5,825
On-Site Indirect Emissions 829

Off-Site Raw Material Processing Emissions 2,485
Total Emissions = 29,010

On-Site Mobile Emissions 19,732
Off-Site Mobile Emissions (Land) 11,220
Off-Site Mobile Emissions (Air) 425

Off-Site Mobile Emissions (Water) 8,227
On-Site Indirect Emissions 1,243

Off-Site Raw Material Processing Emissions 2,042
Total Emissions = 42,889

9

8
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TABLE IX
SUMMARY OF CARBON FOOTPRINT FOR REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Greenhouse Gas Emissions
(metric tons)

Alternative 1 0
Alternative 2 9,781
Alternative 3 10,183
Alternative 4 10,238
Alternative 5 10,330
Alternative 6 10,733
Alternative 7 10,816
Alternative 8 29,010
Alternative 9 42,889

Remedial Alternative

HALEY & ALDRICH OF NEW YORK
G:\Projects\28612\250 - RFS\Appendicies\Appendix K - Carbon Footprint\2011_0419_HAI_Table9_GHGemissions summary_D1.xlsx

MAY 2011
Page 1 of 1





Appendix L – Occupational Risk 
Revised Feasibility Study Report 

Page 1 
 
 

 

This appendix presents estimates of occupational fatality risks and transportation-specific fatality risks 
associated with implementation of each of the proposed remedial alternatives outlined in the Revised 
Feasibility Study (RFS) for 1 River Street, Hastings-on-Hudson (herein referred to as the Site).   
 
Site Location 
 
The Site is located at 1 River Street, adjacent to the Hudson River in the Village of Hastings-on-Hudson 
in Westchester County, New York.   
 
RFS Objectives  
 
Haley & Aldrich has prepared a RFS to identify and evaluate remedial alternatives that will attain 
conditions protective of human health and the environment for the current, intended, and reasonably-
anticipated future uses of the Site.  An additional objective of the RFS is to identify which alternative 
would most likely attain the required conditions and be both cost-effective and technologically feasible.   
 
As part of the RFS, occupational fatality and transportation fatality risk evaluations were performed for 
each of the nine proposed remedial alternatives. The results of this evaluation are presented herein.  
 
REMEDIAL ALTERNATIVES 
 
In accordance with Feasibility Study guidance and the requirements of 40 CFR 300.430(e)(3)(i) and 
(ii), a range of remedial alternatives have been developed to reduce the toxicity, mobility, or volume of 
the hazardous substances, pollutants, or contaminants at the Site.  Nine remedial alternatives have been 
included in the RFS. The nine remedial alternatives are described in the RFS and are listed below: 
 
 Alternative 1:

 

 No Action 

Alternative 2:

 

 Nearshore Cap with Dredge (for cap), Northwest Sloped Cap 

Alternative 3:

 

 Nearshore Dredge (6 ft) and Backfill, Northwest Sloped Cap 

Alternative 4:

 

 Nearshore Dredge (10 ft) and Backfill, Northwest Sloped Cap 

Alternative 5:

 

 Nearshore Cap with Dredge (for cap), Northwest Extension 

Alternative 6:

 

 Nearshore Dredge (6 ft) and Backfill, Northwest Extension 

Alternative 7:

 

 Nearshore Dredge (10 ft) and Backfill, Northwest Extension 

Alternative 8:

 

 Nearshore/Backwater Practicable Dredge and Backfill, Northwest Extension 

Alternative 9:

 

 Practicable Dredge in All OU-2 Areas and Backfill, Northwest Sloped Cap 

OCCUPATIONAL FATALITY RISKS AND TRANSPORTATION-SPECIFIC FATALITY 
RISKS ESTIMATION 
 
This section presents an estimation of occupational fatality risks and a subset of transportation-related 
fatality risks. These calculations have been performed on an hours worked basis.  
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Estimation of Fatality Rate per Occupational Category 
 
Each year, the U.S. government collects a variety of information regarding occupational statistics.  The 
Standard Occupational Classification System (SOC) is used by federal statistical agencies to classify 
workers into occupational categories for the purposes of collecting, calculating, or disseminating data.  
Workers are classified into one of over 840 occupations according to their occupational definition (U.S. 
Department of Labor, 2010a [http://www.bls.gov/soc/major_groups.htm]).  Estimates of the number of 
individuals in the U.S. within each SOC are provided by the U.S. Department of Labor, Bureau of 
Labor Statistics (U.S. Department of Labor, 2010b [www.bls.gov/oes/current/oes_nat.htm]).  The 
number of worker fatalities within each SOC and the entire work force are presented in the U.S. 
Department of Labor Census of Fatal Occupational Injuries (CFOI) (U.S. Department of Labor, 2008 
[http://www.bls.gov/iif/oshcfoi1.htm]). 

 
Numerous occupations will be required to implement the various work activities identified for each 
remedial alternative.  The types of workers and estimated hours associated with each of the different 
remedial alternatives are presented in Table I. These types of occupations were classified according to 
the SOC, as presented in Table II.  Fatality rates can be estimated from national statistics for annual 
worker fatalities reported for specific occupations combined with estimates of the total labor force 
employed in each occupation. Only employees working on-Site or transporting material to and impacted 
sediment from the Site were considered in the occupational and transportation fatality risk analyses.  It 
was assumed that other employees, such as those manufacturing steel in a foundry were outside the 
scope of this evaluation. 

 
Fatality rates, expressed as the number of fatal occupational injuries per hour (2,000 hours labor per 
worker year), are calculated according to Equation 1: 

 
Equation 1: 
 
 Fatality rate = N/(W x 2,000) 
 
Where, 
N = number of work fatalities 
W = annual number of employed workers 
2,000 = hours worked per worker per year (assuming 40 hours per week, 50 weeks per year) (hours) 
 
Estimation of Number of Fatalities for each Remedial Alternative 
 
Workers in different occupations are present at the Site for varying durations.  A labor fatality risk for 
the different types of workers present at the Site was calculated taking into account the amount of time 
workers spend at the Site, according to Equation 2: 
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Equation 2: 
 
 Estimated Number of Fatalities = FR x h  
     
Where, 
FR =  fatality rate for a given occupation 
h =  total hours for the given on-Site worker category (occupation) 

 
The estimated number of fatalities associated with workers undertaking different activities at the Site 
was then summed to obtain a total estimated number of fatalities for each of the remedial alternatives 
for the Site, according to Equation 3: 
  
Equation 3: 
 

Total number of fatalities = ∑[Estimated number of fatalities worker 1 + estimated number of 
fatalities worker 2 +...+ estimated number of fatalities worker n] 

 
Where, 
∑ = sum 
n = nth worker occupation 
 
The number of times an alternative must be completed for the occurrence of one estimated fatality was 
also calculated.  This is the inverse of total number of estimated fatalities per each alternative, as shown 
in Equation 4: 
 
Equation 4: 
 

Number of alternative completions per one fatality = 1/Estimated number of fatalities for 
implementation of the alternative 

  
The number of alternative completions resulting in one fatality is also herein referred to as the chance 
of a fatality. 
   
Estimated Number of Occupational Fatalities  
 
The number of occupational fatalities estimated for each remedial alternative is presented in Table III 
and summarized below:   
 
 Alternative 1

 

: not applicable since no workers would be required for the No Action alternative; 

Alternative 2

 

: 0.0073 fatalities (1 in 137 chance of fatality); 

Alternative 3

 

: 0.0074 fatalities (1 in 135 chance of fatality); 

Alternative 4

 

: 0.0074 fatalities (1 in 135 chance of fatality); 

Alternative 5: 0.0056 fatalities (1 in 177 chance of fatality); 
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 Alternative 6

 

: 0.0057 fatalities (1 in 175 chance of fatality); 

Alternative 7

 

: 0.0057 fatalities (1 in 174 chance of fatality); 

Alternative 8

 

: 0.020 fatalities (1 in 49 chance of fatality); 

Alternative 9

 

: 0.033 fatalities (1 in 30 chance of fatality); 

Alternative 9 poses the greatest occupational fatality risk.  Excluding alternative 1, the No Action 
alternative, alternative 5 poses the lowest occupational fatality risk.  The occupational fatality risk for 
alternative 9 is approximately six times greater than the occupational fatality risk for alternative 5. 
 
Estimation of Transportation-related Risks per Occupation 
 
The number of estimated transportation-related fatalities on an hours worked basis for each remedial 
alternative is presented in Table IV.  This estimated transportation fatality rate is a subset of the 
occupational fatality rate presented above. 

 
Fatality rates are estimated from national statistics for annual worker fatalities associated with 
transportation activities reported for specific occupations combined with estimates of the total labor 
force employed in each occupation.  National occupational estimates were provided by the U.S. 
Department of Labor, Bureau of Labor Statistics (http://www.bls.gov/oes/current/oes_nat.htm).  The 
number of worker fatalities was estimated using transportation data from the U.S. Department of Labor 
Census of Fatal Occupational Injuries (CFOI) (http://www.bls.gov/iif/oshcfoi1.htm), 
as described above.  

 
Fatality rates, labor fatality risks and chance of fatality were calculated using Equation 1 through 4 
above.  
 
Estimated Number of Occupational Fatalities Associated with Transportation-Related Activities  
 
The number of estimated occupational fatalities associated with transportation-related activities for the 
identified occupations for each remedial alternative is presented in Table IV and summarized below: 

 
 Alternative 1

 

: not applicable since no workers would be required for the No Action alternative; 

Alternative 2

 

: 0.0028 fatalities (1 in 356 chance of fatality); 

Alternative 3

 

: 0.0029 fatalities (1 in 348 chance of fatality); 

Alternative 4

 

: 0.0029 fatalities (1 in 348 chance of fatality); 

Alternative 5

 

: 0.0012 fatalities (1 in 815 chance of fatality); 

Alternative 6

 

: 0.0013 fatalities (1 in 775 chance of fatality); 

Alternative 7

 

: 0.0013 fatalities (1 in 771 chance of fatality); 

Alternative 8

 

: 0.011 fatalities (1 in 93 chance of fatality); 

Alternative 9: 0.019 fatalities (1 in 53 chance of fatality); 
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Alternative 9 poses the greatest occupational fatality risk associated with transportation-related 
activities.  Excluding alternative 1, the No Action alternative, alternative 5 poses the lowest 
occupational fatality risk associated with transportation.  The occupational fatality risk associated with 
transportation-related activities for alternative 9 is over 15 times greater than the occupational fatality 
risk associated with transportation-related activities for alternative 5. 

 
 

CONCLUSIONS  
 
A comparison of the number of fatalities for individual remedial alternative is presented in Table V.  
Alternative 9 poses the greatest estimated occupational and transportation fatality risk based on Site-
specific total number of hours worked.  Excluding alternative 1, the No Action alternative, alternative 5 
poses the lowest occupational and transportation fatality risk based on Site-specific total number of 
hours worked. The occupational fatality risk for alternative 9 is approximately six times greater than the 
occupational fatality risk for alternative 5. The occupational fatality risk associated with transportation-
related activities for alternative 9 is over 15 times greater than the occupational fatality risk associated 
with transportation-related activities for alternative 5. 
 
Uncertainty Analysis 
 
Only employees working on-Site or transporting material to and impacted sediment from the Site were 
considered in the occupational health and transportation-related occupational risk analysis.  Other 
employees, such as those manufacturing steel, were outside the scope of this evaluation. 
 
The data utilized for the occupational fatality risk analysis were based on information collected by the 
U.S Department of Labor. This information does not take into account the additional risk associated 
with work over water.  Alternatives 5 through 8 involve significantly more work over water than the 
other alternatives, since they require off-shore construction of the bulkhead wall, which will be a heavy 
king pile wall, and associated tie-rods.  Therefore the occupational and transportation fatality risks for 
Alternatives 5 through 8 may be higher in reality than the risks estimated herein.  
 
Enclosures: 
Table I – Types of Workers and Estimated Hours Associated with Different Remedial  Alternatives 
Table II – SOCs Associated with Different Activities 
Table III – Summary of Occupational Fatalities Based on Hours Worked 
Table IV – Summary of Occupational Transportation Fatalities Based on Hours Worked 
Table V – Comparison of Occupational and Transportation Fatality Risk for Individual  Remedial 
Alternatives 
 
G:\Projects\28612\250 - RFS\Appendicies\Appendix L - Occupational Risk\2011_0516_HAI_occupationalriskeval_D2.docx 
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TABLE I
TYPES OF WORKERS AND ESTIMATED HOURS ASSOCIATED 
WITH DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative Worker Estimated Hours to 
Complete Task Assumptions

ALTERNATIVE 1
Contractors 81,000 Assume 15 full-time contractors working 10 hours a day for 24 months.

Full time site engineers/inspectors 21,600 Assume 4 full-time engineers/inspectors working 10 hours a day for 24 months.

Meeting attendees 6,144
Assume 8 people attend bi-weekly meetings for 24 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 864
Assume weekly visits for 24 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 5,400 Assume 1 full-time site monitor working 10 hours a day for 24 months.

Atlantic Richfield engineers (site visits) 2,592
Assume weekly 3-day visits for 24 months. Assume engineers work 8 hours per 
day.

Truck drivers 16,478
Assume each truck can transport 22 tons, therefore 1,177 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 800
Assume each barge can transport 773 tons, therefore 25 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

Contractors 81,000 Assume 15 full-time contractors working 10 hours a day for 24 months.

Full time site engineers/inspectors 21,600
Assume 4 full-time engineers/inspectors working 10 hours a day for 24 months.

Meeting attendees 6,144
Assume 8 people attend bi-weekly meetings for 24 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 864
Assume weekly visits for 24 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 5,400 Assume 1 full-time site monitor working 10 hours a day for 24 months.

Atlantic Richfield engineers (site visits) 2,592
Assume weekly 3-day visits for 24 months. Assume engineers work 8 hours per 
day.

Truck drivers 16,660

Assume each truck can transport 22 tons, therefore 1,190 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 1,248
Assume each barge can transport 773 tons, therefore 39 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

Not Applicable

ALTERNATIVE 2

ALTERNATIVE 3
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TABLE I
TYPES OF WORKERS AND ESTIMATED HOURS ASSOCIATED 
WITH DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative Worker Estimated Hours to 
Complete Task Assumptions

Contractors 81,000 Assume 15 full-time contractors working 10 hours a day for 24 months.

Full time site engineers/inspectors 21,600
Assume 4 full-time engineers/inspectors working 10 hours a day for 24 months.

Meeting attendees 6,144
Assume 8 people attend bi-weekly meetings for 24 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 864
Assume weekly visits for 24 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 5,400 Assume 1 full-time site monitor working 10 hours a day for 24 months.

Atlantic Richfield engineers (site visits) 2,592
Assume weekly 3-day visits for 24 months. Assume engineers work 8 hours per 
day.

Truck drivers 16,660

Assume each truck can transport 22 tons, therefore 1,190 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 1,312
Assume each barge can transport 773 tons, therefore 41 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

Contractors 81,000 Assume 15 full-time contractors working 10 hours a day for 24 months.

Full time site engineers/inspectors 21,600
Assume 4 full-time engineers/inspectors working 10 hours a day for 24 months.

Meeting attendees 6,144
Assume 8 people attend bi-weekly meetings for 24 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 864
Assume weekly visits for 24 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 5,400 Assume 1 full-time site monitor working 10 hours a day for 24 months.

Atlantic Richfield engineers (site visits) 2,592
Assume weekly 3-day visits for 24 months. Assume engineers work 8 hours per 
day.

Truck drivers 5,320

Assume each truck can transport 22 tons, therefore 380 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 1,312
Assume each barge can transport 773 tons, therefore 41 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

ALTERNATIVE 4

ALTERNATIVE 5
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TABLE I
TYPES OF WORKERS AND ESTIMATED HOURS ASSOCIATED 
WITH DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative Worker Estimated Hours to 
Complete Task Assumptions

Contractors 81,000 Assume 15 full-time contractors working 10 hours a day for 24 months.

Full time site engineers/inspectors 21,600
Assume 4 full-time engineers/inspectors working 10 hours a day for 24 months.

Meeting attendees 6,144
Assume 8 people attend bi-weekly meetings for 24 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 864
Assume weekly visits for 24 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 5,400 Assume 1 full-time site monitor working 10 hours a day for 24 months.

Atlantic Richfield engineers (site visits) 2,592
Assume weekly 3-day visits for 24 months. Assume engineers work 8 hours per 
day.

Truck drivers 5,502

Assume each truck can transport 22 tons, therefore 393 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 1,760
Assume each barge can transport 773 tons, therefore 55 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

Contractors 81,000 Assume 15 full-time contractors working 10 hours a day for 24 months.

Full time site engineers/inspectors 21,600
Assume 4 full-time engineers/inspectors working 10 hours a day for 24 months.

Meeting attendees 6,144
Assume 8 people attend bi-weekly meetings for 24 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 864
Assume weekly visits for 24 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 5,400 Assume 1 full-time site monitor working 10 hours a day for 24 months.

Atlantic Richfield engineers (site visits) 2,592
Assume weekly 3-day visits for 24 months. Assume engineers work 8 hours per 
day.

Truck drivers 5,502

Assume each truck can transport 22 tons, therefore 393 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 1,856
Assume each barge can transport 773 tons, therefore 58 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

ALTERNATIVE 6

ALTERNATIVE 7
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TABLE I
TYPES OF WORKERS AND ESTIMATED HOURS ASSOCIATED 
WITH DIFFERENT REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative Worker Estimated Hours to 
Complete Task Assumptions

Contractors 162,000 Assume 15 full-time contractors working 10 hours a day for 48 months.

Full time site engineers/inspectors 43,200
Assume 4 full-time engineers/inspectors working 10 hours a day for 48 months.

Meeting attendees 12,288
Assume 8 people attend bi-weekly meetings for 48 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 1,728
Assume weekly visits for 48 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 10,800 Assume 1 full-time site monitor working 10 hours a day for 48 months.

Atlantic Richfield engineers (site visits) 5,184
Assume weekly 3-day visits for 48 months. Assume engineers work 8 hours per 
day.

Truck drivers 65,744

Assume each truck can transport 22 tons, therefore 4,696 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 6,752
Assume each barge can transport 773 tons, therefore 211 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

Contractors 243,000 Assume 15 full-time contractors working 10 hours a day for 72 months.

Full time site engineers/inspectors 64,800
Assume 4 full-time engineers/inspectors working 10 hours a day for 72 months.

Meeting attendees 18,432
Assume 8 people attend bi-weekly meetings for 72 months. Assume meetings 
last 2 days, and that attendees work 16 hours for each meeting.

Engineers (site visits) 2,592
Assume weekly visits for 72 months by 1 engineer. Assume engineer works 8 
hours during each visit.

NYSDEC site monitors 16,200 Assume 1 full-time site monitor working 10 hours a day for 72 months.

Atlantic Richfield engineers (site visits) 7,776
Assume weekly 3-day visits for 72 months. Assume engineers work 8 hours per 
day.

Truck drivers 116,550

Assume each truck can transport 22 tons, therefore 8,325 are trucks required. 
Assume truck drivers haul waste at an average speed of 50 miles per hour. It 
therefore takes 14 hours to complete a round trip for waste disposal. 

Barge drivers 9,536
Assume each barge can transport 773 tons, therefore 298 barges are required. 
Assume it takes 32 hours to perform a round trip by barge. 

ALTERNATIVE 9

ALTERNATIVE 8
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TABLE II
SOCs ASSOCIATED WITH DIFFERENT ACTIVITIES
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative Workers SOC 
number SOC Major Group Description

ALTERNATIVE 1

Contractors 47-4041
Hazardous Materials 

Removal Workers

Identify, remove, pack, transport, or dispose of hazardous materials, including asbestos, lead-
based paint, waste oil, fuel, transmission fluid, radioactive materials, or contaminated soil. 

Specialized training and certification in hazardous materials handling or a confined entry permit 
are generally required. May operate earth-moving equipment or trucks.

Engineer Site Crew 47-4011 
Construction and Building 

Inspectors

Inspect structures using engineering skills to determine structural soundness and compliance 
with specifications, building codes, and other regulations. Inspections may be general in nature 

or may be limited to a specific area, such as electrical systems or plumbing.

Meeting Attendees 17-2081 Environmental Engineers
Research, design, plan, or perform engineering duties in the prevention, control, and 

remediation of environmental hazards using various engineering disciplines. Work may include 
waste treatment, site remediation, or pollution control technology.

Engineer (performing Site Visits) 47-4011 
Construction and Building 

Inspectors

Inspect structures using engineering skills to determine structural soundness and compliance 
with specifications, building codes, and other regulations. Inspections may be general in nature 

or may be limited to a specific area, such as electrical systems or plumbing.

NYSDEC 47-4011 
Construction and Building 

Inspectors

Inspect structures using engineering skills to determine structural soundness and compliance 
with specifications, building codes, and other regulations. Inspections may be general in nature 

or may be limited to a specific area, such as electrical systems or plumbing.

Atlantic Richfield (employees visiting 
site)

17-2081 Environmental Engineers
Research, design, plan, or perform engineering duties in the prevention, control, and 

remediation of environmental hazards using various engineering disciplines. Work may include 
waste treatment, site remediation, or pollution control technology.

Truck drivers 53-3032
Truck Drivers, Heavy and 

Tractor Trailers
Drive a tractor-trailer combination or a truck with a capacity of at least 26,000 pounds Gross 

Vehicle Weight. May be required to unload truck. Requires commercial drivers' license.

Barge drivers 53-5021
Captains, Mates, and Pilots 

of Water Vessels
Command or supervise operations of ships and water vessels, such as tugboats and ferryboats. 

Required to hold license issued by U.S. Coast Guard. 

Notes:
SOC = Standard Occupational Classification

Not applicable

ALTERNATIVES 2 
THROUGH 9
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TABLE III
SUMMARY OF OCCUPATIONAL FATALITIES BASED ON HOURS WORKED
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative
Occupational Fatalities (based 
on site-specific total number 

of hours worked)

Chance of Fatality 
(based on site-specific total 
number of hours worked)

0.0073 1 in 137

0.0074 1 in 135

0.0074 1 in 135

0.0056 1 in 177

0.0057 1 in 175

0.0057 1 in 174

0.020 1 in 49

0.033 1 in 30ALTERNATIVE 9

ALTERNATIVE 7

ALTERNATIVE 5

ALTERNATIVE 6

Not applicableALTERNATIVE 1

ALTERNATIVE 2

ALTERNATIVE 3

ALTERNATIVE 4

ALTERNATIVE 8
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TABLE IV
SUMMARY OF OCCUPATIONAL TRANSPORTATION FATALITIES BASED ON HOURS WORKED
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative
Transportation Fatalities (based 
on site-specific total number of 

hours worked)

Chance of Fatality 
(based on site-specific total 
number of hours worked)

0.0028 1 in 356

0.0029 1 in 348

0.0029 1 in 348

0.0012 1 in 815

0.0013 1 in 775

0.0013 1 in 771

0.011 1 in 93

0.019 1 in 53

Not applicable

ALTERNATIVE 8

ALTERNATIVE 5

ALTERNATIVE 6

ALTERNATIVE 9

ALTERNATIVE 1

ALTERNATIVE 2

ALTERNATIVE 3

ALTERNATIVE 4

ALTERNATIVE 7
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TABLE V
COMPARISON OF OCCUPATIONAL AND TRANSPORTATION FATALITY RISK FOR INDIVIDUAL REMEDIAL ALTERNATIVES
1 RIVER STREET
HASTINGS-ON-HUDSON

Remedial Alternative Occupational Fatalities (based on site-
specific total number of hours worked)

Transportation Fatalities (based on site-
specific total number of hours worked)

0.0073  (1 in 137 chance of fatality) 0.0028  (1 in 356 chance of fatality)

0.0074 (1 in 135 chance of fatality) 0.0029  (1 in 348 chance of fatality)

0.0074  (1 in 135 chance of fatality) 0.0029  (1 in 348 chance of fatality)

0.0056 (1 in 177 chance of fatality) 0.0012  (1 in 815 chance of fatality)

0.0057  (1 in 175 chance of fatality) 0.0013  (1 in 775 chance of fatality)

0.0057  (1 in 174 chance of fatality) 0.0013  (1 in 771 chance of fatality)

0.020  (1 in 49 chance of fatality) 0.011 (1 in 93 chance of fatality)

0.033  (1 in 30 chance of fatality) 0.019  (1 in 53 chance of fatality)

Not applicableALTERNATIVE 1

ALTERNATIVE 2

ALTERNATIVE 3

ALTERNATIVE 4

ALTERNATIVE 9

ALTERNATIVE 7

ALTERNATIVE 8

ALTERNATIVE 5

ALTERNATIVE 6
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Costs are provided in Table M1. Descriptions of items are included below. 
 
GENERAL SITE-WIDE 
 
General contractor (GC) indirect costs 

• Management labor and expenses (including project manager, construction manager, 
superintendant, etc.) 

• Field support vehicles, communications, office trailers, office supplies 
• Insurance 
• Small equipment, expendables, tools 
• Equipment mobilization and demobilizaion 

 
Site security 

• 24/7 security with guard 
• Guard shacks 
• Security vehicle and maintenance 
• Security fence 

 
Health & Safety 

• Kickoff meeting (one week per construction season) 
• PPE and decontamination trailer 
• Full time health and safety officer  
• Monthly health and safety audits 

 
Housekeeping 

• Janitorial service 
• Site trash removal and housekeeping 
• Sweep public roads 
• Dust control 
• Equipment mechanic 

 
Site preparation  

• Fence and roadway improvements  
• Set up sediment processing and sediment storage areas including temporary containment and 

load/unload areas 
• Access road upgrade/construct  
• Bulk load/unload station 
• Temporary barge ramp installation and rental 

 
Water treatment (includes the purchase/rental and installation of equipment required to treat decanted 
water and other incidental water generated) 

• Metals treatment plant capital and installation  
• PCB treatment plant capital and installation 
• Ancillary facilities (e.g. piping and pumping from dewatering area) 
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• O&M including full time operator for 2 year period 
• Plant Mob and Demob 
• On-site water tank storage rentals for 2 years 
• On-site Decant area capital and installation 
• Ancillary support for chemical storage etc. 
• Scale factors for Alternatives 8 and 9 (additional equipment and labor for increased duration 

and quantities) 
  
Mobilize/Demobilize  

• Mobilize equipment and personnel to the site 
• Fence reinstallation 
• Seasonal dock replacement 
• Decontaminate and remove treatment equipment 

 
GENERAL OU-2 
 
Bathymetry survey 

• Pre, intermediate, and post survey 
 
Pile removal (within the southern and northern areas and the Old Marina) 

• Remove piles 
• Stage on the barge 
• Move to shore for waste handling  

 
Nearshore / Backwater turbidity control 

• Installation of silt curtain including floating boom, fabric, and anchoring system 
• Wave and river attenuation devices  

 
Habitat Enhancement (allowance) 

• Allowance provided in the cost estimate. Actual scope to be negotiated with the NYSDEC 
during Remedial Design.  

 
Material handling for pile removal  

• Place piles into waste processing area 
• Collect profile samples 
• Cut to size as required 
• Place into containers 
• Transport to waste disposal facility 
• Disposal fees 

 
BACKWATER, NEARSHORE, & DEEPWATER AREAS 
 
Dredge (remove debris and sediment using a low turbidity bucket with two passes) 

• Remove debris (first pass) 
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• Mechanically dredge to target depth (second pass) 
• Stage recovered material on the barge 
• Relocate to material transfer point 
• Place dredged material in the material handling area 
• Monitoring 

o Turbidity control effectiveness 
o Resuspension 
o Verifications of desired dredge prisms 
o Documentation/Confirmation sampling 

 
Backfill (in areas that documentation sampling indicates a remedial cap is not required) 

• Procure backfill material  
• Transport material to Site 
• Place layers of material in single lifts 

o Backfill layer 
o Habitat layer (where applicable) 

 
Cap (in areas that documentation sampling indicates a remedial cap is required) 

• Place three layers of material in single lifts 
o Chemical isolation layer 
o Erosion protection layer 
o Habitat layer (where applicable) 

 
Temporary Sheeting (to support dredge in the North and South Boat Slips and the Old Marina) 

• Pre-clear sheeting alignment 
• Install sheeting 
• Install deadman anchors 
• Install wales and tie-backs 
• Remove and salvage sheeting 

 
Material handling (handle and process clean, nonhazardous, and hazardous sediment) 

• Decant sediment  
• Manage decant water 
• Mix sediment with CKD (Cement Kiln Dust or other additive) 
• Place sediment into trucks for offsite disposal or onsite storage (for later use) 
• Disposal fees 

 
NORTHWEST AREA (Alternatives 2-4, 9) 
 
Dredge (see above) 

• Excavation within OU-1 for OU-2 stable slope 
• Pre-clearing for Northwest Area sheeting 

 
Cap (see above) 
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Backfill (see above) 

• Additional cost for armor stone material 
• Reduced backfill in OU-1 

 
Sheeting and turbidity control 

• Pre-clear sheeting alignment 
• Install sheeting 
• Cathodic protection 
• Install floating booms and fabric 
• Secure fabric to top of sheet pile wall 
• Remove silt curtain after dredging completion  
• Cut sheet pile at the river bottom as required 

 
Material handling (see above) 
 
Modifications for seismic loading (allowance) 

• Potential modifications to slope configuration for 2,500-year earthquake (from 500-year 
earthquake) 

 
NORTHWEST AREA (Alternatives 5-8) 
 
Dredge 

• Pre-clearing for Northwest Area sheeting 
 
Backfill (see above) 

• Additional cost for light-weight fill material 
 
Sheeting and turbidity control 

• Pre-clear sheeting alignment 
• Install sheeting 
• Install deadman anchors 
• Install wales and tie-backs 
• Cathodic protection 

 
Material handling (see above) 
 
Modifications for seismic loading (allowance) 

• Potential modifications to bulkhead wall for Northwest Extension configuration for 2,500-year 
earthquake (from 500-year earthquake) 

 
Mitigation (allowance, details to be finalized during remedial design) 
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OU-1 DEPENDANT COSTS – ALLOWANCES (Alternatives 2-4, 9) 
(Higher cost for implementation of OU-1 related activities that should be considered in OU-2 
evaluation) 
 
Groundwater (GW) Control 

• Installation of low-permeability layer (e.g. Aquablok©) on Northwest Area slope 
• Installation of vertical wall for transition of groundwater control on-shore with hydraulic relief 

for treatment system. 
 
Potential DNAPL system 

• Increased cost for well installation 
• Additional complexity of system 

 
Construction Monitoring / Quality Assurance 
 

The goal of construction monitoring is to increase compliance with drawings and specifications.  
• Full time construction and project management 
• Full time health and safety monitoring 
• Full time perimeter air monitoring  
• Engineering services during construction to address questions regarding field conditions 

 
Contractor Fee 
 
Contractor markup on materials, equipment, etc. 
 
NPV of Capital Costs Discount 
 
The Office of Management and Budget real interest rates were used to show future construction costs as 
2011 dollars for Alternatives 8 and 9, due to the extended construction durations associated with these 
alternatives. 
 
Contingency 
 
Additional costs, applied to each major cost category that may be incurred since feasibility study level 
design does not include all elements that are required to complete a detailed cost for construction.   
Contingency also allows for the potential increases in steel and fuel costs. 
 
PREDESIGN INVESTIGATION (PDI) & DESIGN 
 
Predesign investigations and pilot tests 

• Cap and backfill consolidation tests 
• Sediment and soil dewatering 
• Water treatment and soil stabilization 
• Media and barrier testing 
• Pile removal 
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• Turbidity barrier and wave attenuation  
 
Engineering & design 

• Detailed engineering design for contractor bidding 
• Modification of drawings as required for construction 
• Engineering services during construction (with NPV of design costs with discount applied) 

 
ESTIMATED ANNUAL O&M AND MONITORING COSTS  
 
Armor stone 

• Maintenance of armor stone due to weather damage and ice flow  
 
Habitat enhancement 

• Allowance for maintenance of habitat enhancement (to be defined with the NYSDEC during 
Remedial Design) 

 
Cathodic protection and energy costs 

• Power costs for rectifiers 
• Monthly rectifier readings, annual resurveys, and troubleshooting 

 
Offshore monitoring and maintenance 

• Fish tissue sampling 
• Monitoring of cap and backfill 
• Verification of natural sediment deposition 
• Planning and pre-mobilization meeting with sub-contractors 
• Mobilization, kickoff and demobilization 
• Benthic community assessment 
• Food chain assessment 
• Porewater sampling 
• Laboratory analysis 
• Bathymetry survey update 
• Data interpretation and reporting 
• Project management 
• Offshore Monitoring and Maintenance Frequency 

o Yearly for first five years (yrs 1, 2, 3, 4, 5) 
o Every other year for next five years (yrs 7, 9) 
o Every five years thereafter (yrs 11, 16, 21, 26) 

 
Bulkhead 

• Inspections and periodic repair and maintenance of the bulkhead 
 
30 year NPV based on rates presented in Office of Management and Budget Circular A-94, December 
2010. 



TABLE M1
OPINION OF PROBABLE OU‐2 COSTS
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

OU-2 CAPITAL COSTS

GENERAL SITE-WIDE

GC INDIRECT COST $4,579,000 $4,579,000 $4,579,000 $4,579,000 $4,579,000 $4,579,000 $7,277,000 $9,975,000

SITE SECURITY $1,179,000 $1,179,000 $1,179,000 $1,179,000 $1,179,000 $1,179,000 $2,125,000 $3,070,000

HEALTH & SAFETY $1,112,000 $1,112,000 $1,112,000 $1,112,000 $1,112,000 $1,112,000 $2,062,000 $3,012,000

HOUSEKEEPING $1,816,000 $1,816,000 $1,816,000 $1,816,000 $1,816,000 $1,816,000 $3,633,000 $5,449,000

SITE PREP $1,624,000 $1,624,000 $1,624,000 $1,624,000 $1,624,000 $1,624,000 $1,624,000 $1,624,000

WATER TREATMENT $1,064,000 $1,064,000 $1,064,000 $1,064,000 $1,064,000 $1,064,000 $2,128,000 $2,660,000

MOBILIZE/DEMOBILIZE $879,000 $879,000 $879,000 $879,000 $879,000 $879,000 $1,019,000 $1,159,000

GENERAL OU-2

BATHYMETRY SURVEY $7,000 $7,000 $7,000 $7,000 $7,000 $7,000 $7,000 $7,000

PILE REMOVAL $466,000 $466,000 $466,000 $466,000 $466,000 $466,000 $466,000 $466,000

NEARSHORE/BACKWATER TURBIDITY CONTROL $1,593,000 $1,593,000 $1,593,000 $1,593,000 $1,593,000 $1,593,000 $1,593,000 $1,593,000

HABITAT ENHANCEMENT - ALLOWANCE $250,000 $250,000 $250,000 $250,000 $250,000 $250,000 $250,000 $250,000

MATERIAL HANDLING FOR PILE REMOVAL $459,000 $459,000 $459,000 $459,000 $459,000 $459,000 $459,000 $459,000

BACKWATER AREA

DREDGE $143,000 $143,000 $143,000 $143,000 $143,000 $143,000 $10,162,000 $10,162,000

BACKFILL - - - - - - $12,364,000 $12,364,000

CAP $123,000 $123,000 $123,000 $123,000 $123,000 $123,000 - -

TEMPORARY SHEETING - - - - - - $10,750,000 $10,750,000

MATERIAL HANDLING $136,000 $193,000 $203,000 $136,000 $193,000 $203,000 $18,013,000 $18,013,000

NEARSHORE AREA

DREDGE $1,487,000 $2,337,000 $2,501,000 $1,487,000 $2,337,000 $2,501,000 $2,501,000 $2,501,000

BACKFILL $2,330,000 $2,540,000 - $2,330,000 $2,540,000 $2,540,000 $2,540,000

CAP $1,242,000 - - $1,242,000 - - - -

MATERIAL HANDLING $1,226,000 $1,738,000 $1,830,000 $1,226,000 $1,738,000 $1,830,000 $4,503,000 $4,503,000

DEEPWATER AREA

DREDGE $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $10,461,000

BACKFILL - - - - - - - $9,567,000

CAP $54,000 $54,000 $54,000 $54,000 $54,000 $54,000 $54,000 -

MATERIAL HANDLING $113,000 $113,000 $113,000 $113,000 $113,000 $113,000 $113,000 $12,543,000

NORTHWEST AREA

DREDGE $1,301,000 $1,301,000 $1,301,000 $41,000 $41,000 $41,000 $41,000 $3,263,000

CAP $578,000 $578,000 $578,000 - - - - $817,000

BACKFILL (Armor or Lightweight Fill) $671,000 $671,000 $671,000 $5,258,000 $5,258,000 $5,258,000 $5,258,000 $2,433,000

SHEETING AND TURBIDITY CONTROL $2,610,000 $2,610,000 $2,610,000 $15,868,000 $15,868,000 $15,868,000 $15,868,000 $8,193,000

MATERIAL HANDLING $3,645,000 $3,645,000 $3,645,000 $91,000 $91,000 $91,000 $91,000 $6,295,000

MODIFICATIONS FOR SEISMIC LOAD - ALLOWANCE $2,470,000 $2,470,000 $2,470,000 $1,418,000 $1,418,000 $1,418,000 $1,418,000 $1,326,000

MITIGATION  - ALLOWANCE - - - $1,202,000 $1,202,000 $1,202,000 $1,202,000 -

Revised Feasibility Study

ALT-8 ALT-9

OPINION OF PROBABLE OU-2 COSTS

ITEM ALT-2 ALT-3 ALT-4 ALT-5 ALT-6 ALT-7
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TABLE M1
OPINION OF PROBABLE OU‐2 COSTS
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

OU-2 CAPITAL COSTS

Revised Feasibility Study

ALT-8 ALT-9

OPINION OF PROBABLE OU-2 COSTS

ITEM ALT-2 ALT-3 ALT-4 ALT-5 ALT-6 ALT-7

OU-1 DEPENDANT COSTS - ALLOWANCES
GW CONTROL (ADDITIONAL COST FOR SLOPEBACK 
CONSTRUCTION)

$1,800,000 $1,800,000 $1,800,000 - - - - $1,800,000

POTENTIAL DNAPL SYSTEM (ADDITIONAL COST FOR 
SLOPEBACK CONSTRUCTION)

$2,000,000 $2,000,000 $2,000,000 - - - - $2,000,000

SUBTOTAL INSTALLATION COSTS:  $34,715,000 $37,222,000 $37,698,000 $43,577,000 $46,083,000 $46,560,000 $107,667,000 $149,319,000

CONST. MONITORING / QUALITY ASSURANCE $5,212,000 $5,212,000 $5,212,000 $5,212,000 $5,212,000 $5,212,000 $10,397,000 $15,290,000

CONTRACTOR FEE 10% $3,470,000 $3,720,000 $3,770,000 $4,360,000 $4,610,000 $4,660,000 $10,770,000 $14,930,000

NPV OF CAPITAL COSTS DISCOUNT - - - - - - -$1,034,000 -$3,620,000

CONTINGENCY 30% $13,020,000 $13,850,000 $14,000,000 $15,940,000 $16,770,000 $16,930,000 $38,340,000 $52,780,000

TOTAL INSTALLATION COST $56,417,000 $60,004,000 $60,680,000 $69,088,000 $72,675,000 $73,361,000 $166,140,000 $228,699,000

PDI & DESIGN

PREDESIGN INVESTIGATIONS AND PILOT TESTS $5,110,000 $5,110,000 $5,110,000 $5,110,000 $5,110,000 $5,110,000 $6,820,000 $6,820,000

ENGINEERING & DESIGN $2,080,000 $2,080,000 $2,080,000 $2,600,000 $2,600,000 $2,600,000 $3,110,000 $3,110,000

CONTINGENCY 30% $2,160,000 $2,160,000 $2,160,000 $2,310,000 $2,310,000 $2,310,000 $2,980,000 $2,980,000

TOTAL PDI & DESIGN $9,350,000 $9,350,000 $9,350,000 $10,020,000 $10,020,000 $10,020,000 $12,910,000 $12,910,000

ESTIMATED ANNUAL O&M AND MONITORING COSTS 

ARMOR STONE $15,000. $15,000. $15,000. - - - - $15,000.

HABITAT ENHANCEMENT $12,000. $12,000. $12,000. $12,000. $12,000. $12,000. $12,000. $12,000.

CATHODIC PROTECTION AND ENERGY COSTS $6,000. $6,000. $6,000. $21,000. $21,000. $21,000. $21,000. $17,000.

OFFSHORE MONITORING AND MAINTENANCE $270,000. $270,000. $270,000. $270,000. $270,000. $270,000. $130,000. $90,000.

BULKHEAD - - - $46,000. $46,000. $46,000. $46,000. -

SUBTOTAL O&M (Yearly) $303,000 $303,000 $303,000 $349,000 $349,000 $349,000 $209,000 $134,000

SUBTOTAL O&M COSTS: (30 YR NPV) $6,550,000 $6,550,000 $6,550,000 $7,550,000 $7,550,000 $7,550,000 $4,520,000 $2,900,000

CONTINGENCY 30% $2,060,000 $2,060,000 $2,060,000 $2,370,000 $2,370,000 $2,370,000 $1,420,000 $910,000

TOTAL O&M AND MONITORING $8,610,000 $8,610,000 $8,610,000 $9,920,000 $9,920,000 $9,920,000 $5,940,000 $3,810,000

TOTAL PROJECT COST

GRAND TOTAL PROJECT COST $74,377,000 $77,964,000 $78,640,000 $89,028,000 $92,615,000 $93,301,000 $184,990,000 $245,419,000

4.2% Nominal Discount Rate
1.9% Inflation Rate

ALT-8 ALT-9ITEM ALT-2 ALT-3 ALT-4 ALT-5 ALT-6 ALT-7

ITEM ALT-2 ALT-3 ALT-4

ALT-6 ALT-7 ALT-8ALT-4

ALT-8ALT-5 ALT-6 ALT-7

ITEM ALT-2 ALT-3 ALT-5

Note: Rates presented in Office of Management 
and Budget Circular A‐94, December 2010.

ALT-9

ALT-9
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Costs are provided in Table N1. Descriptions of items are included below. 
 
GENERAL SITE-WIDE 
 
General contractor (GC) indirect costs 

• Management labor and expenses (including project manager, construction manager, 
superintendant, etc.) 

• Field support vehicles, communications, office trailers, office supplies 
• Insurance 
• Small equipment, expendables, tools 
• Equipment mobilization and demobilization 

 
Site security 

• 24/7 security with guard 
• Guard shacks 
• Security vehicle and maintenance 
• Security fence 

 
Health & Safety 

• Kickoff meeting (one week per construction season) 
• PPE and decontamination trailer 
• Full time health and safety officer  
• Monthly health and safety audits 

 
Housekeeping 

• Janitorial service 
• Site trash removal and housekeeping 
• Sweep public roads 
• Dust control 
• Equipment mechanic 

 
Site preparation  

• Fence and roadway improvements  
• Set up sediment processing and soil storage areas including temporary containment and 

load/unload areas 
• Bulk load/unload station 
• Temporary barge ramp installation and rental 
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Water treatment (includes the purchase/rental and installation of equipment required to treat decanted 
water and other incidental water generated) 

• Could be stand-alone system or an upgrade to the OU-2 system 
• Metals treatment process capital and installation 
• PCB treatment process capital and installation 
• Ancillary facilities (e.g. piping and pumping from dewatering area) 
• O&M including full time operator for 3 year period 
• Plant Mob and Demob 
• On-site water tank storage rentals for 3 years 
• On-site Decant area capital, installation, and maintenance 
• Ancillary support for chemical storage etc. 

  
Mobilize/Demobilize (OU-1 Equipment) 

• Mobilize equipment and personnel to the site 
• Fence reinstallation 
• Seasonal dock replacement 
• Decontaminate and remove treatment equipment 

 
Survey 

• Initial and final topographic survey 
• Areal photography 
• Weekly survey excavations, monitoring wells, etc. 

 
Stormwater & Erosion Control 

• Silt fence and erosion control BMPs 
• Erosion control system maintenance 
• Temporary seeding 

 
CLEARING 
 

• Clear Site 
• Abandon monitoring wells 
• Cut IRM wall 

 
DEMO 
 

• Demolition and decontamination of building pads, water tower, north boat slip, south boat slip  
• Removal and decontamination of concrete pads from buildings, north boat slip, and south boat 

slip 
• Perforate concrete slabs and leave in place 
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BUILDING 52 STABILIZATION 
 

• Scaffolding 
• Roofing demo, disposal, and new construction 
• Interior/exterior wall stabilization and steel work 

 
UTILITY RELOCATION & INSTALLATION 
 

• New storm water collection systems (based on OU-1 50% design) 
• Relocate underground 48” and 18” storm pipes 
• Remove small nearshore utilities (approximately 50 locations) 

 
ON-SHORE EARTHWORK 
 
Support Of Excavation (SOE) for Upland Excavation  

• Pre-clear sheeting alignment 
• Install temporary SOE sheeting 
• Install sheeting below ground water surface 
• Install wales 
• Remove and salvage sheeting 

 
Upland excavation 

• Excavate soil 
• Place excavated material in the material handling area 
• Monitoring 

o Verifications of desired excavation areas 
o Documentation/Confirmation sampling 

 
Backfill excavation cells to subgrade (includes the NW Area excavation and backfill with regular fill) 

• Procure backfill material (on-site re-use where feasible) 
• Material Transport  
• Place backfill material to subgrade 
• Modifications to backfill in the NW Area are included in OU-2 costs 

 
Cut/Fill for Slopeback 

• Excavate soil for slopeback 
• Prepare slopeback subgrade 

 
Material handling 

• Decant soil  
• Manage decant water 
• Mix soil with CKD (Cement Kiln Dust or other additive) 
• Place soil into trucks for offsite disposal or onsite storage (for later re-use) 
• Dispose off-Site or re-use on-Site 
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Sheeting for south property boundary 

• Pre-clear sheeting alignment 
• Install sheeting 
• Cathodic protection 

 
INSTRUMENTATION 
 

• Settlement points, piezometers, and inclinometers 
 
CAP/COVER 
 
On-shore (Northwest) 

• Gravel transition zone 
• Demarcation layer 
• 2 ft stone cover 

 
On-shore (South) 

• Gravel transition zone 
• Demarcation layer except for Building 52 where slab is left in place 
• 18” Clean fill and 6” topsoil or 2 ft stone cover 

 
Slopeback armor 

• Armor stone and filter layer 
• Allowance for ecologically enhanced zone 

 
DNAPL EXTRACTION SYSTEM 
 

• Wells, pumps, power source, and system installation 
 
GROUNDWATER TREATMENT 
 

• Carbon treatment canisters, pumps, power source, and system installation 
 
CONSTRUCTION MONITORING / QUALITY ASSURANCE 
 
The goal of construction monitoring is to document compliance with drawings and specifications.  

• Full time construction and project management 
• Full time health and safety monitoring 
• Full time perimeter air monitoring 
• Engineering services during construction to address questions regarding field conditions 

 
CONTRACTOR FEE 
 
Contractor markup on materials, equipment, subcontractors, etc. 
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CONTINGENCY 
 
Additional costs, applied to each major cost category that may be incurred since feasibility study level 
design is of insufficient detail to determine complete detailed construction costs.   Contingency also 
allows for the potential increases in steel and fuel costs. 
 
PREDESIGN INVESTIGATION (PDI) & DESIGN 
 
Predesign investigations and pilot tests 

• Soil dewatering study 
• Groundwater treatment pilot test 
• Groundwater flow analysis 
• Investigation of storm drains to remain for alignment, type, size and condition 
• Additional investigation for areas with insufficient sample data 

 
Engineering & design 

• Detailed engineering design for contractor bidding 
• Revised 50% Design and NYSDEC Review 
• Public involvement (see ROD requirement) 
• Final Design 
• Construction services procurement 

 
Estimated Annual O&M and Monitoring Costs 
 
Armor stone 

• Maintenance of armor stone 
• Allowance for maintenance of ecologically enhanced zone (to be defined with the NYSDEC 

during Remedial Design) 
 
Cover & Site management 

• Maintenance of cover due to use (e.g. erosion, mowing) 
 
Groundwater Treatment 

• System maintenance 
• Electrical costs for pump operation 
• Replacement of carbon treatment canisters 

 
DNAPL Extraction system 

• Extractions performed every 6 weeks for five years of operation after construction 
 
Cathodic protection and energy costs 

• Power costs for rectifiers 
• Monthly rectifier readings, annual resurveys, and troubleshooting 
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Site Management Plan (SMP) & Reporting 
• Annual inspection of engineering controls 
• Data collection and reporting 
• Identify changes in Site conditions 

 
30 year NPV based on rates presented in Office of Management and Budget Circular A-94, December 
2010. 
 



TABLE N1
OPINION OF PROBABLE OU‐1 COSTS
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

OU-1 CAPITAL COSTS

GENERAL SITE-WIDE

GC INDIRECT COST $4,839,000

SITE SECURITY $1,660,000

HEALTH & SAFETY $1,587,000

HOUSEKEEPING $2,724,000

SITE PREP $1,234,000

WATER TREATMENT $1,000,000

MOBILIZE/DEMOBILIZE $2,663,000

SURVEY $941,000

STORMWATER & EROSION CONTROL $918,000

CLEARING $372,000

DEMO $2,404,000

BUILDING 52 STABILIZATION $10,000,000

UTILITY RELOCATION & INSTALLATION $1,766,000

ON-SHORE EARTHWORK

SOE FOR UPLAND EXCAVATION $8,012,000

UPLAND EXCAVATION $6,376,000

BACKFILL EXCAVATION CELLS TO SUBGRADE $3,017,000

CUT/FILL FOR SLOPEBACK $5,269,000

MATERIAL HANDLING $29,368,000

SHEETING FOR SOUTH PROPERTY BOUNDARY $910,000

INSTRUMENTATION $201,000

CAP/COVER

ON-SHORE (NORTHWEST) $536,000

ON-SHORE (SOUTH) $6,568,000

SLOPEBACK ARMOR $3,980,000

DNAPL EXTRACTION SYSTEM $2,000,000

GROUNDWATER TREATMENT $400,000

SUBTOTAL INSTALLATION COSTS:  $98,755,000

CONST. MONITORING / QUALITY ASSURANCE $7,693,000

CONTRACTOR FEE 10% $9,880,000

CONTINGENCY 30% $34,900,000

TOTAL INSTALLATION COST $151,228,000

Revised Feasibility 
Study

OU-1

OPINION OF PROBABLE OU-1 COSTS
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TABLE N1
OPINION OF PROBABLE OU‐1 COSTS
1 RIVER STREET
HASTINGS‐ON‐HUDSON, NEW YORK

Revised Feasibility 
Study

OPINION OF PROBABLE OU-1 COSTS

PDI & DESIGN

PREDESIGN INVESTIGATIONS AND PILOT TESTS $1,500,000

ENGINEERING & DESIGN $1,560,000

CONTINGENCY 30% $920,000

TOTAL PDI & DESIGN $3,980,000

ESTIMATED ANNUAL O&M AND MONITORING COSTS 

ARMOR STONE $42,000.

COVER & SITE MAINTENANCE $15,000.

GROUNDWATER TREATMENT $64,000.

DNAPL EXTRACTION SYSTEM $108,000.

CATHODIC PROTECTION AND ENERGY COSTS $2,000.

SMP & REPORTING $40,000.

SUBTOTAL O&M (Yearly) $271,000

SUBTOTAL O&M COSTS: (30 YR NPV) $5,860,000

CONTINGENCY 30% $1,840,000

TOTAL O&M AND MONITORING $7,700,000

TOTAL PROJECT COST

GRAND TOTAL PROJECT COST $162,908,000

4.2% Nominal Discount Rate
1.9% Inflation Rate

Note: Rates presented in Office of Management 
and Budget Circular A‐94, December 2010.
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