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The Feasibility Study for the Buffalo River (FS), prepared
on behalf of the Buffalo River Project Coordination Team
(PCT), presents remedial alternatives for addressing
historical deposition of contaminants in the river sediments.
It builds on the historical information presented in the
Sediment Remedial Investigation Report (SRIR) for the
Buffalo River (ENVIRON et al. 2009), and relies on the
analyses of hydrological, ecological, and sediment
conditions within the Buffalo River to support the
evaluation of potential remedial measures. The two
primary objectives of the FS are:
1. Identify and screen sediment technologies that address
the occurrence of elevated concentrations of
chemicals of concern (COCs) in the Buffalo River
Area of Concern (AOC) sediments.
2. Evaluate viable remedial alternatives against the
Remedial Action Objectives (RAOs) and against the
full range of National Contingency Plan (NCP)
criteria.
By completing these objectives, the FS identifies an
appropriate remedial alternative that cost effectively
manages the potential ecological and human health risks
associated with the presence of elevated concentrations of
COCs in Buffalo River AOC sediment.
1B

Summary of Sediment Investigation
Results
Sediment sampling was conducted in the Buffalo River
AOC in 2008 to supplement existing geochemical and
geotechnical data, and to further characterize the
distributions of total polycyclic aromatic hydrocarbon
(PAH), total polychlorinated biphenyl (PCB), lead (Pb),
and mercury (Hg) concentrations in the river sediments.
Sediment sampling locations for the 2008 study were
selected based on results from New York State Department
of Environmental Conservation (NYSDEC) and Great
Lakes National Program Office (GLNPO) sediment
sampling. These sampling efforts were conducted in 2005
and 2007. Together, they provide a more refined
delineation of chemical concentrations and distributions in
the river sediments, both laterally and vertically.
Results of the 2005, 2007, and 2008 sediment sampling
and analysis demonstrate that sediment samples with a start
depth of 0 feet (ft) generally had lower concentrations in
both the Buffalo River and the City Ship Canal as
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compared to sediment samples with a start depth of 0.5 ft or
greater. The lower chemical concentrations measured at
the sediment surface are likely due to the ongoing
deposition of sediments with low chemical concentrations.
The sediment chemistry results show a lateral distribution
of sediment concentrations for total PAHs, total PCBs, Pb,
and Hg, the four indicator COCs for the Buffalo River
AOC. In general, the highest sample concentrations for
each of these chemicals are located at River Mile (RM)
3.5–5.5 and in the City Ship Canal. Chemical
concentrations upstream of the AOC, both in the Buffalo
River and Cazenovia Creek, are typically lower than the
average concentrations in the Buffalo River AOC.
As part of the 2008 investigation, hydrodynamic and
water quality parameters were measured along three
transects of the Buffalo River AOC. In addition,
bathymetric surveys were conducted upstream of the
navigation channel to supplement existing Army Corps of
Engineers (USACE) bathymetric data. This information
was used in the development and calibration of hydraulic
and hydrodynamic models for the Buffalo River. The
hydrodynamic model, a three-dimensional Environmental
Fluid Dynamics Code (EFDC) model, provides threedimensional velocity and shear stress distributions along
the river over a range of flow conditions. The hydraulic
model, a one-dimensional Hydraulic Engineering CenterRiver Analysis System (HEC-RAS) model approved by the
Federal Emergency Management Agency (FEMA), predicts
changes in flood elevation and potential flooding under
various flow conditions and seiche events.
The velocities and shear stresses computed by the EFDC
model for the various flow conditions and events are
consistent with the river’s function as a dredged navigation
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channel. Results from model simulations demonstrate low
velocities and bottom shear stresses throughout the AOC
during low flow conditions. An increase in velocities and
shear stress was demonstrated during high flow events (10yr and 100-yr intervals), but these increases were most
notable in narrow sections of the river including RM 1.0–
2.0, RM 2.9, and RM 5.2.
Recently collected bathymetry and topography data was
applied to the HEC-RAS model to demonstrate potential
flooding within the Buffalo River AOC under current
conditions. Results demonstrate that the river does not
flood in the majority of the downstream reaches under the
100-year event. High wet weather flows are contained
within the river’s banks and flooding potential is primarily
upstream of the confluence with Cazenovia Creek.

and the reference sites give insight into the extent to which
habitat quality contributes to the benthic community
structure.
Fish community sampling conducted in 2008 provided
taxonomic information on the population and community
structure of Buffalo River and Cazenovia Creek, as well as
information on the pre-remediation conditions. Fish
collected during the survey (a total of 23 distinct species)
generally exhibited healthy characteristics. However,
approximately 2% of the fish collected showed evidence of
external deformities, eroded fins, lesions, and tumors
(DELTs). Locations within the AOC were observed to
have a slightly higher incidence of fish with DELTs (4%)
compared to the locations upstream of the AOC (1%). The
prevalence of liver tumors and external lesions was
assessed in brown bullheads collected from the Buffalo
River AOC. In summary, about 8% of brown bullhead fish
collected from the Buffalo River contained hepatic
neoplastic lesions.

Remedial Action Objectives and
Goals
RAOs and remedial goals (RGs) provide the framework
for developing implementable and effective remedial
alternatives that are protective of human health and the
environment. Additionally, RAOs define the basis for
evaluating different sediment remedy options and describe,
in general terms, what the selected sediment remedial
action is intended to accomplish. RGs establish the targets
necessary to achieve the RAOs. The RAOs identified by
the PCT for this project are as follows:
 RAO 1: Reduce human exposures for direct sediment
contact and fish consumption from the Buffalo River by
reducing the availability and/or concentration of COCs in
sediment
 RAO 2: Reduce the exposure of wildlife populations
and the aquatic community to sediment COC
concentrations that are above protective levels
 RAO 3: Reduce or otherwise address legacy sediment
COC concentrations to improve the likelihood that future
dredged sediments (for routine navigational, commercial,
and recreational purposes) will not require confined
disposal
 RAO 4: Implement a remedy that is compatible with the
Buffalo River Remedial Advisory Committee’s goal of
protecting and restoring habitat and supporting wildlife
Supporting goals are integrated into the evaluation and
selection of remedy alternatives; however they are not used
to assess project performance. Rather, supporting goals
will provide an overarching framework to be considered

Water surface elevation measurements at the mouth of the
Buffalo River show oscillations resulting from Lake Erie
seiche events

Ecological sampling conducted as part of the 2008 field
investigation included aquatic habitat surveys, benthic
community assessment surveys, fish community
assessment surveys, and fish histopathology analysis.
Results of the ecological sampling are being used to
supplement the existing body of knowledge regarding
current ecological conditions. This information helps
support remedy selection and the evaluation of habitat
restoration projects.
The aquatic vegetation survey identified 29 Submerged
Aquatic Vegetation (SAV) beds and 15 Emergent
Vegetation (EV) beds. As part of the benthic community
assessment survey, both sediment grab samples and HesterDendy artificial substrate samples were taken from the
Buffalo River AOC and two reference locations. The 2008
analyses show that benthic habitat is fairly similar between
the Buffalo River and the PCT-selected reference sites.
These results and the similarity between the Buffalo River
October 5, 2011
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 Institutional Controls: Institutional controls are not
retained as a sole remedy, but may be evaluated as
components of other remedial alternatives.
 Natural Recovery: Lines of evidence, including the
depositional nature of the river, demonstrate natural
recovery processes can contribute to reduced risks in the
Buffalo River AOC over time. However, current surface
sediment levels continue to be above the site-specific
RGs. Nonetheless, Monitored Natural Recovery (MNR)
is a feasible and implementable remedy alternative for
the site and is retained for further analysis.
 Sediment Capping: Areas suitable for capping within
the Buffalo River AOC are limited to areas outside of the
federally-defined navigational channel in the Buffalo
River and City Ship Canal. To the extent that routine
disturbance of the Buffalo River AOC (e.g., maintenance
dredging) could impact cap stability, and concerns
regarding reduction on river conveyance capacity,
isolation capping along the non-navigable areas of the
Buffalo River AOC is not considered further in this FS,
except possibly for areas that cannot be dredged due to
limited accessibility, protection of bulkheads, or
protection of sensitive habitat. However, capping is
considered for the non-navigable portion at the end of the
City Ship Canal, beyond the terminus of the authorized
dredge channel.
 Sediment Removal: Dredging is a mature technology
used primarily for sediment mass removal and is retained
for further evaluation. Due to dredge residuals, dredging
may have little positive impact on short-term risk
reduction, but the removal of target sediment mass is
expected to effectively reduce long-term risks. For the
purposes of this FS, and consistent with current USACE
dredging program in the Buffalo River, it is assumed

during the assessment of remedial alternatives, and include
the following:
 Supporting Goal 1: Reduce the long-term potential of
COC contaminated sediments to migrate outside of the
Buffalo River AOC
 Supporting Goal 2: Implement a sediment remedy that
is compatible with and complements ongoing regional
redevelopment goals, upland remediation, and restoration
activities
Members of the PCT collaborated to identify RGs for use
in this FS. RGs are established for the four indicator
chemicals (i.e., PAHs, PCBs, Hg, and Pb) and are derived
using a variety of site-specific lines of evidence. The RGs
provide numerical goals for sediments in the upper 0-1 ft
interval, and are used to develop sediment remedy
alternatives that reduce ecological and human exposures to
sediment chemicals and achieve RAOs. The RG for total
PAHs is based on point concentrations in the upper 1 ft of
sediment, whereas the RGs for the other chemicals are
based on surface-weighted average concentrations
(SWACs). The site-specific RGs for the four indicator
chemicals for the Buffalo River AOC are provided below.
Chemical

RG

Total PAHs

1 Toxicity Unit (16 mg/kg)

Pb

90 mg/kg SWAC

Hg

0.44 mg/kg SWAC

Total PCBs

0.20 mg/kg SWAC

Screening of Available Sediment
Remedy Technologies and Process
Options

that the CDF No. 4 will be used for the disposal of
dredged sediment. The selected methods for dredging,
transportation, and placement of material in the CDF
will be resolved during remedy design or construction
bidding, as appropriate.

General response actions (GRAs) are broad categories of
possible sediment remedy actions such as containment,
removal, treatment, disposal, or combinations of these
actions. The following GRA categories are identified to
address the Buffalo River sediments: 1) no action,
2) institutional controls, 3) natural recovery, 4) sediment
capping, and 5) sediment removal. Effectiveness,
implementability, and cost are the major criteria considered
as part of the initial screening of the GRAs. Results of the
GRA screening analysis for the Buffalo River AOC are as
follows:
 No Action: No Action is retained for further evaluation
to serve as a baseline for comparison with other response
actions as required by the NCP.

Description of Remedial Alternatives
Results of the GRA screening are used to develop five
different remedy alternatives for addressing sediments in
the Buffalo River AOC. Each of the remedy alternatives
includes source control as a component of the final remedy.
The five remedy alternatives are described below.
Alternative 1 – No Action
Remedy Alternative 1 is the No Action alternative, which
is included in the analysis for comparison to other
alternatives, as required by NCP to identify baseline
environmental conditions in the absence of remediation.
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This remedial alternative reflects baseline river sediment
conditions as described in the SRIR, and would entail no
further action for remediation of Buffalo River AOC
sediments. Natural recovery processes are expected to
continue, such as the deposition of cleaner sediments, but
these processes would not be monitored.

Remedy Alternative 5 achieves the RGs and reduces the
current ecological and human health risks associated with
elevated surface sediment chemical concentrations.
Remedy Alternative 5 also targets the removal of sediments
from areas with elevated point concentrations of PAHs,
PCBs, Pb, and Hg at depths of 0-4 ft.
In addition, Remedy Alternative 5 targets the removal of
areas that are associated with the presence of oil and
grease, as identified in core logs from the 2005, 2007, and
2008 sediment investigations. Additional evaluations also
confirm Remedy Alternative 5 is protective of risk in areas
frequently accessed by the public, in sediment areas that
may scour during high flow events, and in areas where
sediment has been historically disturbed by ship traffic.

Alternative 2 – Monitored Natural Recovery
Remedy Alternative 2, MNR, uses the ongoing, naturally
occurring processes that contain or reduce the
bioavailability or toxicity of chemicals in the sediment.
Multiple lines of physical and biological evidence,
including the deposition of sediments originating from
upstream, are used to evaluate MNR. The long-term
monitoring component of the MNR remedy is used to
demonstrate the ability of MNR to achieve RGs in surface
sediments and to reduce the risks to human health and the
environment over time.
Alternative 3 – Basic Dredging
Remedy Alternative 3 targets the removal of surface and
subsurface sediments in the Buffalo River AOC with a
PAH TU > 1, and targets SWAC RGs for total PCBs, Hg,
and Pb. Capping is introduced for remediation of the end
of the City Ship Canal, beyond the limits of the authorized
navigation channel. By targeting the removal of all
sediments with PAH TU > 1, Remedy Alternative 3 would
remove the largest volume of sediment from the Buffalo
River AOC compared to the other dredge remedies
(Remedy Alternatives 4 and 5) , and requires the longest
amount of time to implement (approximately 5 to 6 years).

Remedy Alternative 5 Footprint

Evaluation of Remedial Alternatives
Remedy Alternatives 1 through 5 are evaluated against
the nine criteria established under NCP. This evaluation
also serves as a comparison of the five Remedy
Alternatives against the RAOs. The results of the remedy
alternative evaluation against the nine NCP criteria are
provided below.

Alternative 4 – Protectiveness Dredging
Remedy Alternative 4 targets the removal of sediments
from areas with total PAH concentrations > 1 TU in the
upper 0 – 1 ft sediment interval, and achieves SWAC RGs
for PCBs, Hg, and Pb. Capping is introduced for
remediation of the end of the City Ship Canal, beyond the
limits of the authorized navigation channel. By focusing
sediment removal from areas with surface sediment total
PAH concentrations > 1 TU, and achieving SWAC RGs,
Remedy Alternative 4 would remove the smallest volume
of sediment from the Buffalo River AOC compared to the
other dredge remedies (Remedy Alternatives 3 and 5) , and
requires the shortest amount of time to implement
(approximately 2.5 to 3 years).

Overall Protection of the Human Health and the
Environment
Each of the Remedy Alternatives provides varying
degrees of overall protection of human health and the
environment. Remedy Alternatives 1 and 2 contribute to
the protection of human health and the environment over
time and contribute to the RAO goals through ongoing
recovery processes and current institutional controls that
protect public health. However, Remedy Alternatives 1
and 2 do not satisfy the RAO goals in the near-term and
rely on ongoing natural processes to achieve RGs and
reduce risks. MNR (Remedy Alternative 2) differs from
the No Action alternative (Remedy Alternative 1) by
including long-term monitoring to assess the continuation

Alternative 5 – Enhanced Protectiveness Dredging
Remedy Alternative 5 targets the removal of sediments
from areas with total PAH concentrations > 1 TU in the
upper 0 – 1 ft sediment interval, and achieves SWAC RGs
for PCBs, Hg, and Pb. Similar to Remedy Alternative 4,
October 5, 2011
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of natural recovery processes and the achievement of RGs
over time.
Dredge remedies (Remedy Alternatives 3, 4, and 5)
contribute to RAO goals by decreasing the mass of
chemicals in the river and by improving long-term surface
sediment conditions that contribute to reduced risks to
human health and the environment. However, dredge
remedies will negatively impact short-term surface
sediment concentrations through sediment suspension and
dredge residuals, and will disturb existing vegetation beds
and benthic habitat.
Capping remedies (included with Remedy Alternatives 3,
4, and 5) contribute to RAO goals by immediately reducing
chemical concentrations in the biological active zone of the
sediment bed surface, and thus reducing the mass of
chemicals available for biological exposures.

prolonged construction, and increased transportation to and
from the site. These adverse impacts are expected to be
greatest for Remedy Alternative 3, which targets the largest
volume and area of sediment removal compared to Remedy
Alternatives 4 and 5. Remedy Alternatives 3, 4, and 5 also
include capping at the end of the City Ship Canal. Capping
is expected to effectively reduce risks by isolating sediment
contaminants and establishing a clean biological habitat at
the sediment bed surface.
Long-Term Effectiveness and Permanence
This criterion determines the adequacy and reliability of
sediment remedies to manage human health and ecological
risks associated with sediment contaminants. Remedy
Alternatives 1 and 2 provide no additional reduction in risk
to humans or the environment beyond the current ongoing
and natural depositional processes in the Buffalo River
AOC. MNR differs from the No Action alternative by
including long-term monitoring.

Compliance with Applicable or Relevant and
Appropriate Requirements (ARARs)
Remedy Alternatives 1 and 2 are expected to comply
with ARARs because they require no construction, and thus
require no permitting.

Remedy Alternatives 3, 4, and 5 all provide long-term
reduction in risk by targeting the RG of 1 TU for total
PAHs across surface sediments and the SWAC RGs for Pb,
Hg, and total PCBs. Remedy Alternatives 3 and 5 also
target the removal of areas with elevated sediment chemical
concentrations below the surface (> 1 ft depth), further
reducing future risk by permanently preventing these
sediments from being exposed. Remedy 3, 4, and 5 also
including capping of a portion of the City Ship Canal,
which will be designed to isolate sediment contaminants
with long-term reliability and permanence.

Dredging and capping are incorporated into Remedy
Alternatives 3, 4, and 5 and these alternatives would be
designed and implemented to comply with ARARs. Best
management practices would be used during dredging to
minimize the potential for contaminant suspension and
offsite transport. Work would be scheduled to minimize
impacts to fish species in the Buffalo River AOC during
remedy implementation by adhering to designated fish
windows and employing best management practices that
minimize ecological impacts to the extent practicable.
Action-specific ARARs for dredging alternatives would be
complied with by disposing of wastes in accordance with
federal, state, and regional requirements.

Reduction of Toxicity, Mobility, or Volume
This criterion addresses the anticipated efficiency of the
remedy alternatives at reducing risks associated with
elevated sediment chemical concentrations in the Buffalo
River AOC. Remedy Alternatives 1 and 2 do not provide
additional reduction in toxicity, mobility or volume of
chemicals in the Buffalo River AOC sediments beyond the
current ongoing recovery processes. Remedy Alternative 3
removes that largest volume of contaminated sediment
from the AOC, followed by Remedy Alternative 5.
However, Remedy Alternatives 4, which focuses on the
removal of sediments from areas with elevated surface
sediment concentrations, also achieves the RGs established
for this FS, but requires a smaller volume of sediment
removal compared to Remedy Alternatives 3 and 5.

Short-Term Effectiveness
Short-term effectiveness includes an evaluation of shortterm impacts on ecological and human health risks,
including environmental impacts of remedy
implementation, and potential impacts to the community
and site workers during remedy implementation. Remedy
Alternatives 1 and 2 would result in little to no short-term
risk reduction, since risk reduction will be dependent on
natural sedimentation, but would create no increased risks
to the community associated with onsite construction and
remediation operations. Remedy Alternatives 3, 4, and 5
achieve long-term risk reduction through the removal of
surface sediments contributing to ecological and human
health risks, but pose potentially adverse short-term risks to
the Buffalo River and risks to construction workers and the
community via exposures to contaminated sediment,

Implementability

Implementability encompasses the feasibility of
employing a remedial alternative. All five Remedy
Alternatives are considered feasible and implementable.
Dredging and capping, which are components of Remedy
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Alternatives 3, 4, and 5, are established technologies that
have been implemented at other sites and can be
implemented at the Buffalo River. However, in proposed
dredge areas that adjoin rigid bulkheads or structures,
appropriate off-sets from the shoreline would be
established to maintain shoreline integrity by allowing
those sediments to remain in place. The presence of these
structures, as well as bridge abutments and piers, limits
dredging implementability in these areas. Furthermore,
implementation of Remedy Alternative 3 would impose a
strain on the existing CDF, by consuming approximately
80% of the available CDF capacity.

Remedy Alternatives 3, 4, and 5 include sediment
excavation, handling, offsite transportation, and disposal,
which may increase short-term impacts to the community
through construction noise, odors, and diesel emissions.
Such community impacts are expected to be greater for
Remedy Alternative 3, due to the large volume of sediment
targeted for removal and the duration of remedy
construction, as compared to Remedy Alternatives 4 and 5.

Proposed Remedy
Remedy Alternative 5, Enhanced Protectiveness
Dredging, achieves the sediment-related ecological and
human health RAOs of the Buffalo River AOC. The PCT
recommends design and implementation of the Enhanced
Protectiveness Dredging alternative at the Buffalo River
AOC site.
Remedy Alternative 1 (No Action) and Alternative 2
(Monitored Natural Recovery) are implementable, low cost
alternatives. However, neither of these alternatives
satisfies the RAO goals in a reasonable timeframe.
Remedy Alternative 3, Alternative 4, and Alternative 5 all
contribute to RAO goals by permanently decreasing the
mass of chemicals in the river and by improving long-term
surface sediment concentrations that reduce risks to human
health and the environment. However, dredge remedies are
expensive to implement and are accompanied by short-term
impacts, including short-term increases in contaminant
concentrations in the water column, surface sediment, and
fish tissues resulting from sediment suspension and dredge
residuals. Additionally, dredging and transport operations
are accompanied by short-term risks to construction
workers. Greater volumes of dredging are associated with
higher costs, greater short-term impacts, and an increase for
potential accidents.
Remedy Alternative 5 is recommended for design and
implementation because this alternative effectively and
efficiently achieves risk reduction goals in both the surface
and subsurface sediments without the diminishing returns
of a larger-scale cleanup. Remedy Alternative 5 also can be
completed within a reasonable timeframe.
Remedy Alternative 5 includes confirmation and
operation monitoring during remedy implementation, and
long-term monitoring following the completion of the
remedy. Detailed monitoring plans, including a Residuals
Management Plan, will be provided as part of remedial
design. When dredging is complete, and at Year 2 and
Year 5 following the completion of the remedy, surface
sediment (0–1 ft) chemical concentrations will be measured
to confirm that the total PAH RG and the SWAC RGs for
Pb, Hg, and total PCBs are achieved. If the RGs have not
been achieved, additional measures may be implemented in
accordance with decision rules identified in the FS.

Cost
Besides the No Action alternative, Remedy Alternative 2
(MNR) has the lowest cost. Remedy Alternative 4 has the
lowest cost of the dredge remedies followed by Remedy
Alternative 5, and Remedy Alternative 3, which targets the
largest volume of sediment removal, has the highest cost.
State Acceptance
This criterion evaluates the issues and concerns that state
agencies may have regarding each sediment remedy
alternative. As a member of the Buffalo River PCT,
NYSDEC has participated in and has been involved with
the various tasks and decisions that have been incorporated
into the development of the Remedy Alternatives outlined
in this FS. These Remedy Alternatives aim to provide a
balance, to varying degrees, of remediating contaminated
sediments that may pose a risk to human health and the
environment, and preserving existing habitat and ecological
communities within the Buffalo River AOC, both of which
are important criteria to NYSDEC.
Community Acceptance
This criterion addresses the issues and concerns the
general public may have regarding each sediment remedy
alternative. Buffalo Niagara Riverkeeper, which is a
member of the PCT, serves as a representative of
community interests and concerns with regards to the
selection of a sediment remedy, and has played a central
role in the various tasks and decisions that have been
incorporated into the development of the Remedy
Alternatives outlined in this FS. In addition, there have
been a number of community outreach and communication
efforts related to addressing sediments in the Buffalo River.
Remedy Alternatives 1 and 2 would have minimal or no
short-term community impacts or increased risks to the
community as a result of onsite construction or
transportation of contaminated sediments. No community
short-term impacts such as noise or odors are anticipated.
However, current sediment chemical concentrations would
be left in place.
October 5, 2011
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Habitat Restoration
Habitat restoration project locations are presented in this
FS to facilitate the permit compliance for remedy
implementation and to provide a conceptual approach for
mitigation agreed upon by the PCT. The scale of potential
impacts was determined based on Preferred Remedy
Alternative 5. The projects will be finalized during the
remedy design phase and are described in detail in the
Ecology and Engineering Evaluation (EEE) Report.
Potential restoration projects are located within
0.75 miles of the impacted area in order to ensure that the
restored system addresses the same functions that may have
been impacted by the remedy. Subaquatic vegetation
restoration has been proposed in six locations. These
projects are expected to mitigate the remedy impacts while
providing additional restoration above and beyond
mitigation. The project locations include Kelly Island, City
Ship Canal, Ohio Street shoreline, Katherine St. Peninsula,
Buffalo Color Peninsula shoreline, and the Riverbend
parcel. Land owner acceptance of these potential projects
will be necessary prior to project implementation. It is
anticipated that additional due diligence (including any
necessary access negotiations with land owners) will be
conducted during the design phase. If any of the selected
sites are unable to be constructed, then a project of equal
scope shall be considered in its place, including the
potential expansion of one of the remaining projects, if
such an expansion provides comparable scope. It is
envisioned that a portion of the projects will be funded
under the GLNPO Great Lakes Legacy Act (GLLA) with
matching federal and non-federal funding. The remaining
projects will be funded using other programs such as grants
under the USEPA’s Great Lakes Restoration Initiative
(GLRI) or other programs.

Potential Habitat Restoration Areas

The EEE Report, appended to the FS, includes a
description of restoration techniques considered, example
restoration projects for selected general shoreline types,
proposed restoration projects for the selected locations, and
a thorough evaluation of the restoration alternatives using
the evaluation criteria. These evaluation criteria are
intended to provide a basis for design, allow comparison of
relative costs and benefits of project alternatives, and allow
the selection of a preferred restoration alternative at each
location.
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1 INTRODUCTION
This Buffalo River Feasibility Study (FS) has been prepared by ENVIRON International Corporation
(ENVIRON), MACTEC Engineering and Consulting, Inc. (MACTEC), and LimnoTech on behalf of the
Buffalo River Great Lakes Legacy Act (GLLA) Project Coordination Team (PCT), including the United
States Environmental Protection Agency (USEPA) Great Lakes National Program Office (GLNPO), the
Buffalo Niagara Riverkeeper (BNR), New York State Department of Environmental Conservation
(NYSDEC), United States Army Corps of Engineers (USACE), USEPA Region 2, and Honeywell
International, Inc. (Honeywell). The preparation of this FS is pursuant to the Buffalo River GLLA
Project Agreement, and it has been submitted to and reviewed by the GLLA PCT.
Building on the sediment investigations, historical information, and information presented in the Sediment
Remedial Investigation Report (SRIR) for the Buffalo River (ENVIRON et al. 2009), this FS relies on the
analyses of hydrological, ecological, and sediment conditions within the Buffalo River to support the
evaluation of potential remedial measures. This report:


identifies Remedial Action Objectives (RAOs);



considers the range of available remediation technologies;



evaluates those technologies considered relevant to remediation of Buffalo River Area of Concern
(AOC) sediments; and



compares remediation alternatives to help identify a preferred remedy for sediments in the Buffalo
River AOC.

1.1 Feasibility Study Objectives
The work embodied in the FS is based on the following two primary objectives:


Identify and screen sediment technologies that address the occurrence of elevated concentrations of
chemicals of concern (COCs) in the Buffalo River AOC sediments.



Evaluate viable remedial alternatives against the RAOs and against the full range of National
Contingency Plan (NCP) criteria.

This FS identifies an appropriate remedial alternative that cost effectively manages the potential risks
associated with the presence of elevated concentrations of COCs in Buffalo River AOC sediment.
Meeting the FS objectives will result in long-term reduction of ecological or human health risks.

1.2 Report Organization
This introduction to the FS (Section 1.0) is followed by a summary of the sediment investigation results
(Section 2). Section 3 identifies the RAOs for the Buffalo River AOC, and Section 4 presents a screening
of available sediment remedy technologies and process options. Site-specific remedy alternatives
developed for Buffalo River sediments are presented in Section 5, and evaluations of the remedial
October 5, 2011
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alternatives against the site-specific RAOs using the nine criteria established by the NCP are provided in
Section 6. Section 7 identifies the preferred remedy alternative recommended by the PCT and selected by
USEPA GLNPO. An overview of possible post-remedy habitat restoration options is provided in Section
8, and references are provided in Section 9.
This FS also includes the following appendices: Appendix A describes the development of remedial goals
(RGs) by the PCT for the Buffalo River AOC; Appendix B which provides the Human Health Risk
Evaluation for the Buffalo River AOC; Appendix C includes several Technical Memoranda exchanged
among the PCT members and supporting the remedial alternatives analysis and selection processes;
Appendix D provides various technical guidelines that were used to develop Remedy Alternative 5;
Appendix E provides cost details for the development of the remedial alternative cost estimates, and
Appendix F provides the Ecology and Engineering Evaluation (EEE) Report that outlines potential
Buffalo River habitat restoration projects.
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2 SUMMARY OF SEDIMENT INVESTIGATION RESULTS
The analysis of alternatives presented in this FS is supported by an understanding of the distribution of
COCs in the Buffalo River sediments, river hydrological conditions, and ecological conditions based on
historical data and data collected in 2008. This section summarizes the results of sediment, surface water,
and biological investigations conducted at the Buffalo River and reported in the SRIR, submitted March 6,
2009 (ENVIRON et al. 2009). These results supplement the existing body of knowledge of the river, and
support the development of multiple lines of evidence to support remedy decision making, as
recommended in USEPA’s Contaminated Sediment Remediation Guidance for Hazardous Waste Sites
(USEPA 2005a). Specific tasks completed during fall 2008 include:


Sediment sampling and analysis



Pore water sampling and analysis



Sub-bottom thickness surveys



Bathymetry surveys



Surface water hydrologic monitoring



Hydrodynamic modeling



Aquatic habitat surveys



Benthic community assessment surveys



Fish community assessment surveys



Fish histopathology analysis

2.1 Site Background
The Buffalo River AOC is located in Buffalo, New York (Figure 2-1). The Buffalo River flows from the
east and discharges into Lake Erie. There are three major streams in the watershed that feed the Buffalo
River: Cayuga Creek, Buffalo Creek, and Cazenovia Creek (Figure 2-2). The total drainage area for the
Buffalo River Watershed is approximately 1,150 square kilometers (km2).
The Buffalo River has served as an industrial, commercial, and urban waterway for almost two centuries,
beginning with the completion of the Erie Canal in 1825. The US and Canadian International Joint
Commission (IJC) designated a portion of the Buffalo River as an AOC pursuant to the US-Canada Great
Lakes Water Quality Agreement. The Buffalo River AOC (Figure 2-1) includes approximately 10 km
(6.2 miles) of the Buffalo River and the entire 2.3 km (1.4 mile) stretch of the City Ship Canal, located
adjacent to the river. The IJC identified 14 possible beneficial use impairments (BUIs) that could impact
an AOC. The 1989 Remedial Action Plan (RAP) determined that eight beneficial uses were either
“impaired” or “likely impaired”. Table 2-1 identifies the BUI status in 1989, and the results of additional
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BUI status reviews conducted in 2005 and 2008 (BNR 2008, Ecology and Environment 2008). Nine
beneficial uses were listed as “impaired” in the 2008 RAP.

2.2 Delineation of Chemicals of Concern in Sediment
Sediment sampling was conducted in the Buffalo River in fall 2008 to supplement results from the 2005
and 2007 sediment sampling programs conducted by GLNPO and NYSDEC (NYSDEC 2006, 2008a) and
to provide a more refined delineation of chemical concentrations and distributions in the river sediments,
both laterally and vertically. Sediment samples collected in fall 2008 were analyzed for concentrations of
polycyclic aromatic hydrocarbon (PAHs), polychlorinated biphenyl (PCBs), lead (Pb), and mercury (Hg),
which were identified as the four primary indicator chemicals in the Buffalo River AOC (GLNPO 2008).
Results from the 2005, 2007, and 2008 sediment sampling programs were combined to show the
distributions of total PAH, total PCB, Pb, and Hg concentrations in Buffalo River sediments. Tables 2-2
through 2-5 provide a summary of the 2005/2007 and 2008 sediment chemical concentrations along the
Buffalo River (by River Mile (RM)), in the Buffalo Harbor, in the City Ship Canal, and in the
downstream end of Cazenovia Creek. The tables summarize the sediment concentrations for total PAHs,
total PCBs, Pb, and Hg. For each of these chemicals, a summary of sediment concentrations is provided
for sediment samples with a start depth of 0.0 feet (ft), and for sediment samples with a start depth equal
to or greater than 0.5 ft.
Figures 2-3 through 2-6 present the distribution of sediment concentrations for total PAHs, total PCBs,
Pb, and Hg based on an inverse distance weighting (IDW) interpolation of the of the 2005/2007 and 2008
surface sediment data. For IDW interpolation, subsurface samples were defined as any sample with a
start depth greater than 1.0 ft.

2.2.1 Total PAHs
Total PAH sediment concentrations were determined by summing the concentrations of the 16 individual
Target Compound List PAHs; for non-detect values, one-half the reporting limit was used to estimate
PAH concentrations.
A summary of total PAH sediment concentrations, including minimum, maximum, and average
concentrations, is provided in Table 2-2. Average total PAH concentrations were typically higher in the
subsurface sediments compared to surface sediments across each RM segment. The highest average
surface total PAH concentration was located in the Buffalo River at RM 4.0-4.5 (27 milligram per
kilogram (mg/kg), sample size n=30). The geometric mean concentration in RM 4.0-4.5 was 12 mg/kg.
The highest average subsurface total PAH concentration occurred at RM 4.5-5.0 (120 mg/kg, n=66;
geometric mean of 14 mg/kg). The lowest average surface and subsurface total PAH concentrations were
located at Cazenovia Creek (2.8 mg/kg, n=2) and at the mouth of Buffalo River, downstream of the AOC
(3.8 mg/kg, n=3), respectively. The average surface total PAH concentration in the City Ship Canal was
21 mg/kg (n=59; geometric mean of 11 mg/kg), and the average subsurface concentration in the City Ship
Canal was 25 mg/kg (n=55; geometric mean of 14 mg/kg).
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2.2.2 Total PCBs
Total PCB sediment concentrations were determined by summing the concentrations of all detected
individual Aroclors; for non-detect values, one-half of the reporting limit was used to estimate Aroclor
concentrations for Aroclors 1242, 1254, and 1260 and a value of zero is assigned to non-detect values for
all other Aroclors, which were detected in less than 5 percent (%) of the samples.
Average total PCB concentrations were typically higher in the subsurface sediments compared to surface
sediments across each RM segment (Table 2-3). The highest average surface total PCB concentration
was located in the Buffalo River at RM 4.0-4.5 (0.62 mg/kg, n=30; geometric mean of 0.13 mg/kg), while
the highest average subsurface total PCB concentrations occurred at RM 5.0–5.5 (4.5 mg/kg, n=55;
geometric mean of 0.19 mg/kg). The lowest average total PCB subsurface concentration was located at
RM 5.5-6.0 (0.10 mg/kg, n=29; geometric mean of 0.061 mg/kg), and the lowest average total PCB
surface concentration was located in Cazenovia Creek (0.038 mg/kg; n=2). The average surface total
PCB concentration in the City Ship Canal was 0. 20 mg/kg (n=59; geometric mean of 0.13 mg/kg), and
the average subsurface concentration in the City Ship Canal was 0.54 mg/kg (n=55; geometric mean of
0.19 mg/kg).

2.2.3 Lead
Average Pb concentrations were higher in the subsurface sediments compared to surface sediments across
each RM segment (Table 2-4). The highest average surface and subsurface Pb concentrations within the
Buffalo River were located at RM 4.5-5.0. Average surface and subsurface concentrations at RM 4.5-5.0
were 160 mg/kg (n=35; geometric mean, 59 mg/kg), and 390 mg/kg (n=66; geometric mean of 110
mg/kg), respectively. The lowest average surface Pb concentration is located in Cazenovia Creek (15
mg/kg, n=2), and the lowest average subsurface Pb concentration is located at RM 6.0 and 6.2 (29 mg/kg,
n=2; geometric mean 28 mg/kg). The average surface sediment Pb concentration for the City Ship Canal
is 130 mg/kg (n=59; geometric mean 68 mg/kg), and the average subsurface concentration is 160 mg/kg
(n=55; geometric mean 97 mg/kg).

2.2.4 Mercury
Average Hg concentrations were higher in the subsurface sediments compared to surface sediments across
each RM segment (Table 2-5). The highest average surface Hg concentrations within the Buffalo River
were located at RM 3.5-4.0 (0.85 mg/kg, n=41; geometric mean, 0.22 mg/kg). The highest average
subsurface Hg concentrations within the within the Buffalo River occurred at RM 1.5-2.0 (3.0 mg/kg,
n=16; geometric mean of 0.92 mg/kg), and RM 4.5–5.0 (3.0 mg/kg, n=64; geometric mean of 0.43
mg/kg). The lowest average Hg surface and subsurface concentrations were located at RM 6.0-6.2. This
segment of the Buffalo River had an average surface concentration of 0.023 mg/kg (n=13) and an average
subsurface concentration of 0.077 mg/kg (n=2; geometric mean 0.043 mg/kg). The average surface Hg
concentration in the City Ship Canal was 0.78 mg/kg (n=59; geometric mean of 0.37 mg/kg), and the
average subsurface concentration was 3.2 mg/kg (n=55; geometric mean of 0.80 mg/kg).
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2.2.5 AVS SEM
A subset of sediment samples (25 surface samples, 0–0.5 ft, and 20 sediment samples with a depth
interval of 0.5–1.0 ft) were analyzed for acid volatile sulfides (AVS) and simultaneously extracted metals
(SEM) to assess the bioavailability of divalent metals (USEPA 2005b). If the molar concentration of
AVS in a particular sediment sample exceeds the summed SEM molar concentration, then bioavailability
related to the presence of divalent metals in pore water is likely to be low1.
Results of the AVS SEM analysis showed that five of the 45 sediment samples had SEM concentrations
greater than AVS (∑SEM-AVS is >0.0). An additional evaluation of organic-carbon normalized
concentration of “excess” metals ([SEM-AVS]/ fraction of organic carbon [foc]) was conducted for those
five samples where SEM concentrations were greater than AVS, in accordance with USEPA (2005b)
guidance. For four of the five samples, the concentration of excess metals was less than the USEPA’s
low-end threshold for effects of 130 micromole per gram organic compound (µmol/gOC) (USEPA
2005b). Only one buried subsurface sediment sample (RM 3.8) slightly exceeded the low-end threshold
of 130 µmol/gOC, with a concentration of 133 µmol/gOC, but was well below the high-end threshold of
3,000 µmol/gOC, considered by the USEPA (2005b) likely to cause toxicity.

2.2.6 PAH and PCB Concentrations in Pore Water
In addition to the collection of whole-sediment samples, pore water was collected from a subset of 20
sediment samples (0–0.5 ft) and analyzed for pore water concentrations of parent and alkylated PAHs and
PCB congeners. The pore water samples locations targeted a range of PAH and PCB concentrations in
surface sediments from highest to mid-range concentrations based on the 2005/2007 sediment chemistry
data. Results from pore-water sampling and analyses are used as a line of evidence to estimate the
bioavailability of chemicals in the surface sediments2.
A summary of PAH pore water concentrations in Buffalo River AOC is provided in Table 2-6. Thirteen
of the 34 parent and alkylated PAHs, typically the higher-molecular-weight PAHs, were not detected in
any of the 20 surface sediment samples. The remaining compounds were typically detected in less than
half of the pore water samples. Parent and alkylated PAH concentrations in sediment and pore water and
sediment total organic compound (TOC) concentrations were used to determine log sediment organic
carbon–water partitioning coefficients (KOC) values for each measured parent and alkylated PAH in pore
water. A summary of the Buffalo River log KOC for each compound is provided in Table 2-6. The
experimentally-derived, site-specific log KOC values from the Buffalo River, in general, show a greater
partitioning of PAHs to sediments than what would be predicted by the USEPA Sparc Performs
Automated Reasoning in Chemistry (SPARC) model (USEPA 2003).

1
It is acknowledged that representatives of NYSDEC have stated the agency does not fully accept the USEPA (2005b) method
of metals equilibrium partitioning (EqP) to AVS. NYSDEC representatives also stated that in the presence of toxicity testing
results, AVS SEM can be used to show metals are not causing toxicity (i.e., negative toxicity testing results and AVS SEM
showing metals are not bioavailable), but the AVS-SEM approach is not yet considered acceptable by NYSDEC to exclude
metals as causing toxicity in the absence of toxicity testing.
2

It is acknowledged that representatives of NYSDEC have stated the agency does not fully accept the use of pore water analyses
to support an estimate of chemical bioavailability in surface sediments.
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The SRIR also reported Buffalo River sediment pore water PCB congener concentrations. For each pore
water sample, concentrations of 52 individual PCB congeners were analyzed. A summary of pore water
concentrations for the 52 PCB congeners is provided in Table 2-7. In general, pore water concentrations
were higher for the lower molecular weight PCB congeners (di-, tri-, and tetrachlorophenyls) and lower
for the higher molecular weight compounds (hepta-, hexa- and octachlorophenyls). The highest total
PCB concentration (sum of all 52 congeners) measured in the pore water was at sample location 54 (RM
3.5-4.0), which had total PCB concentration of 13.5 nanograms per liter (ng/L), while all other samples
had total PCB concentrations less that 3.8 ng/L, and 12 of the 20 samples had PCB congener
concentrations less than 1.0 ng/L.
PCB congener concentrations in sediment and pore water and sediment TOC concentrations were used to
determine log KOC values for each PCB congener measured in pore water. A summary of the Buffalo
River log KOC values for each congener is reported in the Table 2-7. The log KOC values tend to increase
with an increase in the molecular weight of the compound, similar to the trend across PAH compounds.
The log KOC values calculated for the Buffalo River sediments are typically higher than values reported y
Krauss and Wilcke (2001) who used spiking studies to determine log KOC values.

2.3 Hydrodynamic Conditions and Sediment Stability
Three main tributaries, the Cayuga, Buffalo, and Cazenovia Creeks contribute flow to the Buffalo River.
The Buffalo River flows through the southern part of Buffalo, New York, and discharges into Lake Erie
The hydrodynamics of the Buffalo River are influenced by both the upstream watershed hydrology and
the Lake Erie seiche events. The Lake Erie seiche is an oscillation in lake levels along the lake’s major
axis that occurs on a near daily basis in response to winds and pressure changes acting on the lake.
Occasionally, a more pronounced water level change results when strong winds from the southwest or
abrupt changes in barometric pressure cause water levels to rise at the east end of Lake Erie. During
normal flow conditions, the Lake Erie seiche can moderate downgradient flow velocities. During low
flow conditions, velocities in the river are more strongly influenced by Lake Erie seiche events, which
can result a reversal of flows, creating a back-and-forth oscillation in the river. During high flow events
(i.e., rain events or spring runoff conditions), tributary flows dominate the hydrodynamics of the river,
with diminished influence from Lake Erie water seiche.
As part of the 2008 hydrodynamic and physical sampling and monitoring, long-term (six weeks) and
short-term hydrodynamic and water quality measurements were collected at three transects in the Buffalo
River; measurements included current velocity profiles, surface water elevation, turbidity, and
temperature. Bathymetric and cross-channel current-velocity surveys also were conducted in the and
along the downstream end of Cazenovia Creek. This information was used in the development and
calibration of hydraulic and hydrodynamic models for the Buffalo River, including a three-dimensional
Environmental Fluid Dynamics Code (EFDC) model, and a one-dimensional Hydraulic Engineering
Center-River Analysis System (HEC-RAS) model. The HEC-RAS model was used to calculate changes
in flood elevation and demonstrate potential flooding under various flow conditions and seiche events.
The calibrated EFDC model provided three-dimensional velocity and shear stress distributions along the
river over a range of flow conditions, thus highlighting in-channel areas that may be prone to erosion
under high flow conditions.
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2.3.1 Bathymetry
Hydrodynamic conditions of the Buffalo River are also influenced by river bathymetry. The bathymetry
of the Buffalo River, downstream areas of Cazenovia Creek, and the City Ship Canal are presented on
Figure 2-7. The bathymetric data presented in this figure is based on surveys conducted by USACE in
2007 and 2008 and the bathymetric surveys conducted as part of the fall 2008 hydrodynamic and physical
monitoring.
The bathymetry of the Buffalo River AOC is dominated by the federally authorized navigational channel,
which extends from the mouth of the river to approximately 1,500 ft downstream of the confluence with
Cazenovia Creek. The navigation channel is generally maintained to authorized depths of 22 to 23 ft
below the Low Water Datum, which is 569.2 ft above Mean Water Level (International Great Lakes
Datum (IGLD) 1985), and includes approximately two-thirds of the cross-sectional area of the river. At
the upstream end of the navigational channel (approximately RM 5.8), the water depth transitions from a
depth to 22 ft to approximately 5 to 10 ft, near the confluence with Cazenovia Creek. The navigation
channel in the City Ship Canal is also maintained to authorized depths of 22 ft to 23 ft below the Low
Water Datum (569.2 ft), and extends approximately 1.0 mile from its confluence with the Buffalo River.

2.3.2 Flooding Potential
Simulations from the one-dimensional HEC-RAS model and information gathered from the Federal
Emergency Management Agency (FEMA) Flood Insurance Rate Maps (FIRMs) show limited flooding is
expected in the Buffalo River AOC under current conditions. Flooding is confined to low elevation areas,
such as Smith Street Pocket Park located near RM 4.25. The Lake Erie 100-year flood elevation (580.2 ft
NAVD 1988) controls the flood elevation on the Buffalo River for a distance of approximately 4.0 miles
inland from the lake. At approximately RM 4.0, the riverine 100-year flood event surface-water elevation
rises above 581 ft NAVD and controls the 100-year flood elevation along the river and along Cazenovia
Creek from that point upstream. Near the junction of Cazenovia Creek and the Buffalo River, the
September 2008 FIRM indicates that the Creek and River 100-year flood elevations do not extend far
beyond the stream banks, with only moderate to low-risk shallow flooding occurring in this area.
According to the FEMA Flood Insurance Study (FIS) mapping, the entire AOC segment, as well as the
lower portion of Cazenovia Creek, is a FEMA-designated floodway. For communities that participate in
the Flood Insurance Program, development may occur in the 100-year floodplain fringe outside the
floodway with certain minimum regulatory controls, but development activities within the floodway must
result in no increase in 100-year water surface elevations without prior federal authorization (Code of
Federal Regulations, Title 44, Section 60.3 (d)(3)).

2.3.3 Three-Dimensional EFDC Model and Assessment of Hydrodynamics
The three-dimensional EFDC model was developed to demonstrate three-dimensional velocity and shear
stress distributions along the Buffalo River over a range of flow conditions, thus highlighting in-channel
areas that may be prone to sediment armoring and erosion under high flow conditions. The EFDC model
was calibrated with the velocity data collected along three transects of the river in fall 2008, and the
calibrated model was run for a range of flow and seiche conditions, including several higher-flow
conditions, to explore the potential range of velocities and bottom shear stresses in the AOC.
October 5, 2011

8

Buffalo River Feasibility Study

The data collected for model calibration show a smaller seiche-like effect within the navigational channel
that is distinct (that is, having its own characteristic period) from the seiche of Lake Erie. The EFDC
model accurately simulated measured current velocities and accurately predicted the influence of the
seiches on velocities for the range of flow conditions monitored in 2008.
During low-flow conditions, downstream velocities do not exceed 5 centimeters per second (cm/sec)
(0.16 fps), and shear stresses do not exceed 0.08 dynes per square centimeter (dynes/cm2). However, the
seiche can produce higher velocities than those induced by downstream flows; seiche velocities greater
than 60 cm/sec were measured and predicted through much of the AOC. However, the peak seicheinduced velocities are not sustained for more than five minutes at a time, and instead oscillate through the
channel. This oscillation, which occurs at a period of approximately 1.75 hours, was recorded in the field
velocity monitoring data and was captured by the EFDC model.
Peak velocities and shear stresses associated with a moderate flow event (an estimated return period of
slightly less than a year) are mapped on Figures 2-8 and 2-9, respectively. While the general magnitudes
are similar to the peak seiche induced velocities, the distributions are different; the wet weather event has
higher velocities in the upstream reaches of the AOC (above RM 5.0), where the seiche-induced
velocities are attenuated. Higher velocities are seen in both cases at the narrowest downstream section,
near the Buffalo Skyway Bridge and RM 1.0. In this location, the channel is somewhat deeper along the
right bank (looking downstream), which is also on the inside of a relatively gradual bend, and the highest
velocities and shear stresses are seen here.
A larger wet weather event corresponding to return a period of 10 years also was simulated. Under wet
weather conditions like this, the flow of water overwhelms any potential for a reversal of flows cause by
the lake seiche. The peak velocities and shear stresses from the 10-year event are mapped on Figures 210 and 2-11. The distribution of the highest velocities and shears are similar to the moderate wet weather
event, although the values are higher. Peak velocities along the narrow reach between RM 1.0 and RM
2.0 exceed 200 cm/sec and shear stresses can reach 150 dynes/cm2 in localized areas for the 10-year
event.

2.3.4 Sediment Characteristics and Sediment Transport
Results from the 2008 sampling show that fine sediment grains (particle diameter less than 0.074
millimeter (mm)) dominated the composition of sediments in the Buffalo River AOC. Average
composition of fine-grain sediments across half-mile increments ranged from 72.2 to 94.7%. In general,
fine-grained sediments generally comprised a smaller fraction of the Buffalo River sediments with
increasing distance from the river mouth, indicating the larger-sized particles deposit in the upstream
reaches of the AOC while finer particles continue to deposit from the water column moving downstream
toward the mouth of the river.
Model development focused on the prediction of hydrodynamics, allowing for water surface elevations,
velocities, and river bottom shear stresses to be predicted. While explicit modeling of sediment transport
has not been conducted, the hydrodynamic results provide insight into likely patterns of suspended solids
deposition. Deposition, accretion, and sediment armoring is governed by velocities available to convey
sediment and shear stresses that act to transport sediment. Because the channel is regularly dredged, the
channel areas are maintained in a state of disequilibrium with respect to erosion and deposition, creating
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an environment that is generally depositional. Deposition will tend to be greater in areas that have been
recently dredged, have lower velocities, and lower shear stresses.
Several historical studies have been conducted to assess the rate of sediment mass transport (sediment
loading) into the lower Buffalo River and Lake Erie, and also to estimate rates of sediment accretion, or
shoaling, within the dredged portion of the lower river (USACE 1988, USEPA 1994). These studies and
historical dredge data provide relatively consistent independent estimates of the total sediment load to the
lower Buffalo River ranging from 45,000 to 70,000 cubic yards (CY) per year, and provide a basis for a
preliminary description of sediment transport in the Buffalo. The deposition of solids in the navigational
channel will occur in two different ways: as suspended solids deposited from the water column, and as
bedload progressing from the upstream end of the navigational channel. It is expected that bed load will
make up a significant component of the total solids load transported to the river. In navigationally
dredged systems like the Buffalo River, bed load deposition tends to be focused at the upstream limit of
navigational dredging, and deposits in a focused “wedge” of relatively coarse materials. If allowed to
proceed, this wedge of relatively rapid deposition moves the upper boundary of the navigational channel
downstream with successive years of deposition. At the same time, deposition of finer suspended
materials occurs at locations downstream, where the greater depths and slower velocities make conditions
favorable for solids deposition.

2.4 Ecology
Ecological sampling conducted as part of the 2008 field investigation included aquatic habitat surveys,
benthic community assessment surveys, fish community assessment surveys, and fish histopathology
analysis. Results of the ecological sampling are being used to supplement the existing body of knowledge
regarding current ecological conditions and to support multiple lines of evidence to support remedy
selection and the consideration of possible habitat restoration.

2.4.1 Aquatic Vegetation
The aquatic vegetation survey conducted in August 2008 identified 29 Submerged Aquatic Vegetation
(SAV) beds (23 in shallow water areas outside the navigation channel and 6 within the navigational
channel). All SAV beds were represented by narrow linear fringing beds along shorelines within the
AOC. The most upstream SAV bed was located 0.7 miles downstream of the confluence with the
Cazenovia Creek. Eight species of SAV were identified: coontail (Ceratophyllum dermersum), Canadian
waterweed (Elodea canadensis), American waterwillow (Justicia americana), Eurasian watermilfoil
(Myriophyllum spicatum), curlyleaf pondweed (Potamogeton crispus), American pondweed
(Potamogeton nodosus), sago pondweed (Potamogeton pectinatus), and wild celery (Vallisneria
americana). Sago pondweed, wild celery, and coontail were the most common species found within the
SAV beds. Substrate type within the identified beds was typically silt with clay.
The aquatic vegetation survey conducted in August 2008 resulted in the identification of 15 Emergent
Vegetation (EV) stands (10 within the AOC, 4 within the navigational channel, and 1 outside the AOC).
The most upstream EV stand was located 0.8 miles downstream of the confluence with the Cazenovia
Creek. Only one EV stand was located within the Buffalo River, upstream of the AOC. This EV stand
was located approximately 0.7 miles upstream from the confluence with Cazenovia Creek. Seven species
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of EV were identified: purple loosestrife (Lythrum salicaria), common reed (Phragmites australis),
Japanese knotweed (Polygonum cuspidatum), broadleaf arrowhead (Sagittaria latifolia), softstem bulrush
(Scirpus validus), broadleaf cattail (Typha latifolia), and pickerelweed (Pontederia cordata). Purple
loosestrife, Japanese knotweed, and common reed were the most common species found in the EV stands.

2.4.2 Benthic Community Assessment
During the 2008 field investigation both sediment grab samples and Hester-Dendy artificial substrate
samplers were analyzed as part of the benthic community assessment survey. Benthic community metrics
were calculated separately for sediment grab and Hester-Dendy samples. Mean location-specific metric
summaries for the sediment grab samples and Hester-Dendy samples are presented in Table 2-8 and 2-9,
respectively. The SRIR provides a detailed discussion of the results for each sampling method in terms of
individual metrics and combined metrics using NYSDEC (2002) and USEPA (1999) community
assessment methods, which compare results to an unimpacted reference and urban watershed references,
respectively. Overall, the results indicated the benthic community in the Buffalo River showed moderate
to severe impairment when sediment grabs were compared to an unimpacted reference condition and
slight to moderate impairment when Hester-Dendy samples were compared to an unimpacted reference
(NYSDEC 2002). Cattaraugus and Tonawanda reference locations, which were selected to represent
urban watershed conditions similar to the Buffalo River (excluding industrial influences) also showed
moderate to severe impairment for sediment grab samples compared to the unimpacted reference and
some areas of slight impairment for Hester-Dendy samples compared to the unimpacted reference
(NYSDEC 2002). The Buffalo River results generally showed unimpacted to slight impairment for
sediment grabs compared to the Cattaraugus and Tonawanda urban watershed references, and showed
slight impairment to isolated moderate impairment for Hester-Dendy samples compared to these urban
watershed references (USEPA 1999). A comparison of sediment grab metric and Hester-Dendy metric
results for species/family richness indicates species richness is significantly higher in the Hester-Dendy
samplers than those seen in the sediment grab samples. These findings show that organisms lacking
habitat in fine grained sediment (i.e., organisms that are not typically sampled using the sediment grab
approach) are present in the river but are not well represented in the sediment grab samples. These results
are consistent with previous studies that focused on fine grained sediments and have not identified the
presence of these species in the river (Diggins and Snyder 2003; Irvine et al. 2005.
Sampling with the Hester-Dendy provided insight into the benthic community structure that has not been
generally considered in studies of the Buffalo River over time (e.g., Diggins and Snyder 2003; Irvine et
al. 2005). The Hester-Dendy sampling results showed greater species and family diversity than measured
in the sediment grab samples. Other metrics also showed more favorable community structure in the
Hester-Dendy samplers than sediments. Differences between sediment grab and Hester-Dendy metric
results are at least in part due to the fact that depositional areas included in sediment grab samples, are
composed primarily of fine silts and sands mixed with organic matter. This type of substrate offers little
diversity in benthic community habitat. Additional differences also may be due to the differences
chemical exposures for the two sampling approaches. On the other hand, Hester-Dendy samplers provide
a hard surface for organisms that otherwise preferentially use cobble and woody debris surfaces in the
natural environment.
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Percent dominance is another metric that is important to compare between sediment grab samples and
Hester-Dendy samples, because it provides information about diversity of the benthic community. Past
studies relying on sediment grab samples from the Buffalo River have demonstrated the majority of the
benthic community is dominated by only a few tolerant species. The 2008 findings in sediment grab
samples also show dominance by tolerant species, particularly at RM 4.75 where the highest percent
dominance by tolerant species was seen from any grab sample. As to be expected based on the species
and family richness results, the percent dominance by tolerant species was lower in many of the HesterDendy samplers compared to corresponding sediment grab samples collected in the vicinity of the Hester
Dendy samplers.
Results of the chironomid mouthpart deformities analysis showed that all of the locations sampled had
deformities within the range of deformities seen at reference locations. Hester-Dendy samplers showed
lower chironomid deformities than seen in sediment grab samples. There were no apparent trends in
deformities within the 2008 data sets, but it is notable that the overall percentages of mouthpart
deformities were lower than the 54% deformities reported by Irvine et al. (2005) for samples collected in
2003/2004. Results from the 2008 study show that reference locations, such as Cattaraugus Creek, can
have up to 15% deformities, and the majority of locations typically fell below that percentage with one
exception at RM 2.1, which had 33% deformities.
The urban, industrialized, and channelized nature of the river, the high degree of siltation, and the lack of
riparian vegetation at many locations, create an altered physical habitat that likely influences the
structure, abundance, and diversity of benthic macroinvertebrate communities. The 2008 results indicate
that benthic habitat is fairly similar between the Buffalo River and the reference sites. The results of the
2008 sampling and the similarity between the Buffalo River and the reference sites give insight into the
extent to which habitat quality contributes to the benthic community structure seen in the sediment grab
samples.

2.4.3 Fish Community Assessment
Fish community sampling conducted in 2008 provided taxonomic information on the population and
community structure of Buffalo River and Cazenovia Creek, as well as information on the preremediation conditions. Fish communities were evaluated within five locations in Buffalo River and one
location in Cazenovia Creek, upstream of the AOC. During the 2008 fish community survey, a total of 23
distinct species were collected by electroshocking. Seining was only conducted at one upstream location
(RM 7.25) and resulted in the collection of six species. A list of the fish caught at each location is
presented in Table 2-10. Eleven species were collected on the Buffalo River at the three locations
upstream of the AOC (RM 6.25 to RM 7.5), while 13 species were collected in the Buffalo River at the
two locations within the AOC (RM 4.5 and RM 5.5). The one electroshocking location on Cazenovia
Creek (CC) resulted in the collection of 12 species. Calculated metrics for the fish community at each
sampling location within the Buffalo River and Cazenovia Creek are presented in Table 2-11.
Fish collected during the fish community survey generally exhibited healthy characteristics. However, a
small portion did exhibit some abnormalities. Approximately 2% of the fish collected during the fish
community assessment showed evidence of external deformities, eroded fins, lesions, and tumors
(DELTs), as described by Ohio EPA (1987). Spatially, the locations within the AOC were observed to
have a slightly higher incidence of fish with DELTs (4%) compared to the locations upstream of the AOC
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(1%). A summary of the DELTs observed in the fish collected during the fish community assessment is
presented in Table 2-12.

2.4.4 Brown Bullhead Histopathology Assessment
The prevalence of liver tumors and external lesions has been assessed in brown bullheads collected from
the Buffalo River AOC for several decades, including a study conducted in 2008 and reported in Lauren
et al. (2010). Lauren et al. (2010) reported that the prevalence of liver neoplasms in brown bullhead form
the Buffalo River has shown a chronological decrease since the 1980s. In 1983-1986 Black and Baumann
(1991) reported a 5.5% incidence of hepatocellular neoplasia and an 11.1% incidence of “bileductular”
neoplasia, (which combined equal 16.6% total liver tumors). In 1988, Baumann et al. (1996) reported a
5% incidence of “malignancies” and a 19% incidence of “neoplasms” (which combined is 24% total liver
tumors). Results of the 2008 histopathological evaluation are provided in Table 2-13. In summary, a
total of three of the thirty-seven fish (i.e., 8.1%) collected from the Buffalo River contained hepatic
neoplastic lesions. One tumor was found in each of the river reaches evaluated.

2.5 Findings Supporting Remedy Evaluation
2.5.1 Chemical Concentrations in Sediment
Results of the 2005, 2007, and 2008 sediment sampling and analysis were combined to demonstrate the
lateral and vertical distribution of chemical concentrations in the Buffalo River, City Ship Canal, and
Cazenovia Creek including total PAHs, total PCBs, Hg and Pb. These results are used to identify areas
that have sediment chemical concentrations exceeding the risk-based RGs identified in Section 3 of this
FS. This information was used to develop the sediment remedial alternatives outlined in Section 5, and
will inform the selection of the most appropriate remedial alternative on an area-specific basis.
Results of these studies show that surface sediment concentrations for all four chemicals are typically
lower than subsurface concentrations. This trend is clearly demonstrated in the vertical profiles provided
for each chemical along the Buffalo River and City Ship Canal. In addition, Tables 2-2 through 2-5 show
that the average and geometric mean concentrations for each half-mile segment of the Buffalo River and
the City Ship Canal are typically greater for subsurface samples as compared to surface samples for total
PAHs, total PCBs, Pb, and Hg. The reduced chemical concentration in the surface sediments of the
Buffalo River AOC is likely due to the more recent and ongoing deposition of sediments with decreasing
chemical concentrations over time. The Buffalo River AOC is a depositional environment, and sediments
with low chemical concentrations originating from upstream of the AOC have likely been transported and
deposited within the AOC, creating a surface layer with lower chemical concentrations as compared to the
subsurface sediments.

2.5.2 Hydrodynamics and Sediment Transport
Based on the present knowledge of hydrodynamics and sediment transport, the river can be subdivided
into distinct reaches with unique characteristics. Other factors that support subdivision of the river into
distinct reaches include river morphology, cross-sectional and navigational channel configuration,
shoreline characteristics, and contaminant levels. Table 2-14 provides a simplified subdivision of the
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AOC into river reaches with distinct physical characteristics, and corresponding differences in chemical
distributions. In summary, an assessment of the relevant physical and chemical characteristics by reach
shows the following:


The mouth reach (RM 0-1) is shallower and broader than other reaches, with a defined navigational
channel and adjacent shoulders. Because of the moderating effect of the lake, this reach is relatively
slow moving and sees relatively low stresses on the bottom sediments, even during high flow event
conditions. Consequently, the mouth reach sediments contain a high proportion of fines, much of
which may be lacustrine in origin. However, the mouth of the Buffalo River also experiences more
boat traffic compared to other reaches in the river, which may contribute to erosion in boat traffic
areas. Observed contaminant levels in this reach are generally lower than in other reaches, possibly
due to dilution of historically deposited contaminants by lake-derived sediments.



RM 1-2 is a much narrower and generally deeper reach, with steeper side slopes and narrow
shoulders. Under high flow conditions, velocities in this reach are elevated relative to other reaches,
and stresses exerted on the bottom sediments are also correspondingly high. The effect of these
elevated flows and stresses is apparent in the sediment type, which shows a higher proportion of
gravel than other reaches, likely due to local armoring of the sediments to the stresses of high flow
events. This reach is minimally depositional due to its high energy environment. Contaminant
levels in this reach are low to moderate, due to the limited potential for deposition in the reach.



RM 2-3.5 is the lower of two highly sinuous reaches of the AOC. In this reach, water depths vary
significantly with location along the major bends of the reach, and also laterally, with indications of
point bar formation in lower energy areas and bathymetric depressions in other areas. Flow
velocities are moderate in this reach and bottom stresses created by flow events are variable, with
some areas of high stress. Consequently, sediment type is also variable, but still shows a high
proportion of fines, some sands, and gravels in areas of elevated stress. Some net deposition of
sediments occurs in this reach, primarily in the upper half as indicated by historical dredging
activities by the Army Corps of Engineers. Moderate levels of contaminants in this reach appear to
be associated with historical sediment deposition in the area.



RM 3.5-5 is similarly sinuous to the preceding reach, again with highly variable water depth and bar
formation consistent with a highly sinuous morphology. Flow velocities and corresponding levels of
bottom shear stress are lower than the neighboring downstream reach, resulting in a more limited
occurrence of armored sediments (gravels) and a more generally depositional environment. Due to
its closer proximity to the upper river source of sediments, this reach appears to receive a greater
proportion of settled sediment and bed load than the downstream reaches, as evidenced by the high
fraction of fine sands in the reach and the need for extensive navigational dredging throughout. The
higher rates of deposition in this reach correspond with generally elevated contaminant levels.



The upper reach (RM 5 – upstream terminus of dredging) is a return to a lower sinuosity with a
defined navigational channel and distinct shoulders, and a predominantly engineered shoreline.
Velocities in this reach are low to moderate through the range of flow events, and bottom shear
stresses are low relative to other reaches in the AOC. Consequently, the high proportion of sands
found in this reach is not due to armoring of the bed, but rather to deposition of bed load material
delivered from the upstream, undredged portions of the river and tributaries. A higher frequency of
maintenance dredging at the upstream end of the navigation channel may contribute to moderate
chemical concentrations in this reach of the river.
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The distinct characteristics of the reaches described above suggests selected sediment remedy alternative
will need to be based on an understanding of the range of hydrodynamic conditions and sedimentation
environments operating in the Buffalo River AOC, and their implications for long-term sediment stability
and remedy effectiveness.

2.5.3 Ecology
Ecological findings from the 2008 field investigation, in addition to a wide range of historical ecological
studies conducted on the Buffalo River over the last few decades, are relevant to the context of this FS.
Results of these studies begin to provide a baseline for ecological conditions within the Buffalo River
AOC with respect to aquatic vegetation, benthic communities, and fish communities, which are used in
the evaluation of short-term and long-term effectiveness for each remedy. For example, benthic
invertebrate sampling and analysis supports an understanding of existing conditions of resident
assemblages within the AOC as well as within locations upstream of the AOC and in two reference areas.
Although this effort is not an effective means to assess the level of sediment contamination within the
AOC, it facilitates the identification of expected and reasonable remediation endpoints and provides
information on the presence of taxa that could potentially colonize the Buffalo River AOC. The physical
conditions of the Buffalo River AOC, including the urban, industrialized, channelized nature of the
Buffalo River (and the other water bodies), the high degree of siltation in all water bodies, and the lack of
riparian vegetation at many locations, can be factors, among others, that limit the diversity of benthic
macroinvertebrate communities. Furthermore, the analyses show that the benthic habitat is somewhat
homogeneous in the Buffalo River and fairly similar to the reference sites. These results indicate that
habitat quality may be a factor determining the benthic community structure seen in the sediment grab
samples. These results also demonstrate that with limited exceptions, habitat conditions are consistent
among sampling locations and there are no particularly optimal habitat locations (based on physical
conditions) identified as part of the benthic community assessment.
In addition to characterizing current conditions for the Buffalo River AOC, an evaluation of results from
historical Buffalo River studies along with ecological data collected in 2008 demonstrate potential
changes in biological communities over time. For example, the 2008 fish population and community data
were compared to results from historical studies including Irvine et al (2005) and Greer et al (2002).
Using the 2008 fish population and community data, index profile values (NYSDEC 2002) and Index of
Biotic Integrity (IBI) scores (Irvine et al. 2005) were calculated. Irvine et al. (2005) calculated IBI scores,
based on 2003/2004 fish community data, for several locations within Buffalo River – three of these
locations correspond to 2008 fish community sampling locations at RM 4.5, RM 5.5, and RM 6.25. In
2003/2004, IBI scores indicated that the Buffalo River fish community at locations RM 5.5 and RM 6.25
was very poor. In 2008, IBI scores at these same locations improved to a poor to fair rating. Similarly, in
2003/2004, the IBI score at RM 4.5 indicated that the quality was poor, whereas in 2008, the quality
improved to fair at this same location. However, Greer et al. (2002) calculated IBI scores for several
locations within Cazenovia Creek, one of which corresponds to the 2008 fish community sampling
location (CC). The IBI scores calculated for Cazenovia Creek indicate that the quality has remained the
same (poor rating) from 1999 to 2008. Because IBI scores are only available for two fish community
surveys, additional surveys may be warranted to further validate trends in the quality of the fish
community. Additionally, recent peer-reviewed publications indicate that the fish community in the
Buffalo River AOC is improving. For example, Lauren et al. (2010) found that the prevalence of liver
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neoplasms in brown bullhead form the Buffalo River has shown a chronological decrease since the 1980s
and states that the prevalence is at or near that reported in “recovery stage” AOCs across the Great Lakes.
Results of the historical and 2008 ecological studies along the Buffalo River AOC, historical toxicity
studies and risk assessments, and the delineation of sediment chemical concentrations throughout the
Buffalo River AOC have also contributed to the evaluation of the potential risks to benthos, fish, and
wildlife communities associated with sediment contaminants in the Buffalo River. The assimilation of
this information has led to the development of site-specific remedial target chemical concentrations in
sediment that are protective of ecological communities, which have in turn driven the development of
remedial alternatives for the Buffalo River AOC. The methods and data used to derive the site-specific
sediment RGs are further detailed in Section 3 and Appendix A.
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3 REMEDIAL ACTION OBJECTIVES AND GOALS
The development of RAOs and RGs are common components of feasibility studies at sediment sites.
RAOs provide the framework for developing safe, implementable, and effective remedial alternatives that
are protective of human health and the environment. Additionally, RAOs define the basis for evaluating
different sediment remedy options and describe, in general terms, what the selected sediment remedial
action is intended to accomplish. RGs establish the targets necessary to achieve the RAOs. The remedy
evaluation process of the FS is used to identify and evaluate the feasibility of remedial action alternatives
to determine the extent to which remedy implementation is feasible and the extent to which remedies are
expected to achieve the RAOs.
Potential COCs in the Buffalo River sediments were identified based on results of a screening-level
ecological and human health risk assessments (SulTRAC 2007a, b). Geostatistical analyses of the
potential COCs (arsenic, cadmium, chromium, copper, Pb, Hg, total PAHs, total PCBs, benzo(a)pyrene,
benzo(a)anthracene, DDT, and gamma chlordane) were conducted were used to identify indicator
chemicals for the river that could be used to streamline the remedial investigation (RI) and FS processes,
with the intention that, by addressing risks associated with the indicator chemicals, the FS remedy would,
in turn, address the risks posed by the full suite of potential COCs (CSC 2007).3 The indicator chemicals
identified by USEPA include total PAHs, total PCBs, Pb, and Hg.
Based on results of the SulTRAC (2007b) risk assessment, the 2008 Buffalo River field investigation
(ENVIRON et al. 2009), the USACE (2009a) toxicity study, and site specific risk analyses (Appendix A),
the PCT developed RGs for the four indicator chemicals; the PCT returned to the other seven chemicals
by evaluating their respective post-remedy residual concentrations (Appendix C). For the purposes of this
FS, RAOs and supporting goals are presented in Section 3.1 and RGs are discussed in Section 3.2.

3.1 Remedial Action Objectives and Supporting Goals
The RAOs for the Buffalo River AOC were developed by the GLLA PCT RAO subgroup. Multiple
project objectives were selected to address the goals identified by the PCT. These objectives were then
consolidated and prioritized into RAOs (Table 3-1) for the remediation of Buffalo River AOC sediments.
The RAOs and supporting goals were related to the Buffalo River AOC BUIs identified in the Remedial
Action Plan (BNR 2008) whenever possible (Table 3-2). It is recognized that a number of factors
unrelated to chemical concentrations in sediments contribute to BUIs. The Buffalo River BUIs likely will
not be delisted solely based on this sediment remediation project due to the presence of other stressors.
However, the status of the BUIs is likely to improve following remedy implementation. RAOs that
address multiple BUIs were considered to be of higher priority than those that addressed fewer BUIs.

3

Appendix C includes the technical memorandum titled Seven Additional Chemicals of Potential Concern. This memorandum
delineates post-remedy residual concentrations for arsenic, cadmium, chromium, copper, benzo(a)pyrene, benzo(a)anthracene,
DDT, and gamma chlordane (i.e., the seven COCs not included with the four indicator COCs), to demonstrate that the preferred
remedy also is protective of the seven additional COCs.
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3.1.1 Remedial Action Objectives
The RAOs for this project are as follows:
RAO 1: Reduce human exposures for direct sediment contact and fish consumption from the Buffalo
River by reducing the availability and/or concentration of COCs in sediments.
Sediment remedies will be evaluated for their ability to reduce long-term human health risk at the site. To
the extent that sediment contaminants contribute to Buffalo River AOC BUIs associated with human
health, achieving this RAO will contribute to the improvements associated with the following BUIs:


Restrictions on Fish & Wildlife Consumption



Tainting of Fish & Wildlife Flavor

Sport fishing advisories exist to prevent exposures to PCBs through consumption of carp from the Buffalo
River (NYSDOH 2009). NYSDOH issues advisories on eating sport fish and game because some of
these foods contain chemicals at levels that may be harmful to health. When reviewing fish contaminant
data to derive fish advisories, NYSDOH considers the fish contaminant levels and fish physical
characteristics, health risks and health benefits, populations at greater potential risk, US Food marketplace
standards, and risk communication issues. For this FS, it is assumed that the current fish advisories will
be used in conjunction with other remedial actions in the Buffalo River.
Current concentrations of Hg and Pb in fish have not led the State to list Hg or Pb in their fish
consumption advisories. These current conditions are considered closely in the FS, so that the remedial
action does not result in significant long term increases in average surficial concentrations of Hg and Pb.
RAO 2: Reduce the exposure of wildlife populations and the aquatic community to sediment COC
concentrations that are above protective levels.
This RAO addresses ecological exposures based on COCs in sediment. Therefore, the NCP criteria that
address remedy short-term and long-term effectiveness as well as reductions in toxicity, mobility, and/or
volume of sediments will impact this RAO. Remedy evaluation should consider not only long-term risk
reduction associated with reduced human and ecological exposure to chemicals in sediment, but also
short-term risks introduced by implementing a remedy alternative (USEPA 2005a).
To the extent that sediment contaminants contribute to Buffalo River AOC BUIs, achieving this RAO will
contribute to the improvements associated with the following BUIs:


Degradation of Fish & Wildlife Populations



Fish Tumors and Other Deformities



Bird or Animal Deformities or Reproductive Problems



Degradation of Benthos



Loss of Fish & Wildlife
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Achieving this RAO will help reduce toxicity associated with Buffalo River sediment COC exposure to
biota, and will reduce the potential for fish tumors and deformities, to the extent they occur due to
exposure to sediment COCs within the Buffalo River. Evaluation of this RAO would include monitoring
of surficial sediment following remedy implementation to assess changes in residual contamination and
possible recontamination, as well as monitoring of biota and ecological recovery. Sediment remedies that
result in an unacceptable increased ecological risk relative to pre-remedy conditions should be avoided,
particularly those that negatively impact BUIs associated with ecological receptors, such as remedies that
contribute to the “Loss of Fish and Wildlife Habitat.”
RAO 3: Reduce or otherwise address legacy sediment COC concentrations to improve the likelihood that
future dredged sediments (for routine navigational, commercial, and recreational purposes) will not
require confined disposal.
This goal applies to sediment COCs within the AOC at the time of remediation and does not include new
or on-going sources of contamination within the watershed. The goal of this RAO is to achieve, in the
future, quality of dredged material to allow either open lake placement or beneficial use in a Brownfield
or other setting, so that confined disposal facility (CDF) disposal is no longer required for routine
dredging. Achieving this RAO will contribute to the improvements associated with the following BUI:


Restrictions on Dredging

RAO 4: Implement a remedy that is compatible with the Buffalo River Remedial Advisory Committee’s
goal of protecting and restoring habitat and supporting wildlife.
The Buffalo River GLLA PCT will work to implement a remedy in a manner that is consistent with the
Remedial Advisory Committee’s goal of protecting and restoring habitat and supporting wildlife. The
Buffalo River AOC remediation is intended to improve specific BUIs, which may have a direct impact on
the Buffalo River Remedial Advisory Committee’s remediation, restoration, and delisting activities. The
following BUIs that will be affected:


Degradation of Fish and Wildlife Populations



Loss of Fish and Wildlife Habitat



Degradation of Benthos

3.1.2 Supporting Remedial Selection Goals
Supporting goals are intended to provide an overarching framework to be considered during the
assessment of remedial alternatives. These are goals that will be integrated into the evaluation and
selection of remedy alternatives; however they will not be used to assess project performance. Rather
they will provide supplemental information to provide regional and ecosystem context for this remedial
project. The supporting goals include the following:
Supporting Goal 1: Reduce the long-term potential of COC contaminated sediments to migrate outside
of the Buffalo River AOC.
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Although the RAOs will address sediment COC concentrations within the AOC, this supporting goal is
intended to reduce potential off-site migration of sediment COCs that may occur during remedy
implementation.
Supporting Goal 2: Implement a sediment remedy that is compatible with and complements ongoing
regional redevelopment goals, upland remediation, and restoration activities.
The remedy should contribute to and build off of existing and planned restoration activities for the AOC.
Furthermore, the sediment remedy should not interfere with remedy activities currently underway by
other regional groups and agencies, and should not jeopardize the integrity of existing on-site
containment structures. Remedy components that could impact ongoing activities include on-site
transportation, logistics, site staging, contaminated sediment and water management, dewatering, removal
of sediments immediately adjacent to the slurry wall and other waterfront areas, and other construction
related activities.

3.2 Remedial Goals
The Ecology Subgroup (Eco-Group) of the GLLA PCT collaborated on efforts to identify RGs that are
protective of ecological receptors, for use in this FS. RGs were established for the four indicator
chemicals (i.e., PAHs, PCBs, Hg, and Pb) identified by USEPA for Buffalo River in sediments (CSC
2007). NYSDEC numerical screening guidance values were used as initial preliminary remediation goals
(PRGs) and site-specific RGs were developed using multiple lines of site-specific evidence, including
results of the USACE 2005 toxicity tests (USACE 2009a), literature, and a variety of comprehensive
analyses performed by the Eco-Group. The RGs were identified and documented by the Eco-Group in a
series of memoranda developed collectively based on Eco-Group meetings, literature reviews, and
USEPA and NY State guidance. A compilation of these memoranda are provided in Appendix A. The
RGs were derived using a variety of site-specific lines of evidence, as identified in detail in Appendix A
and briefly discussed in this section.
The RGs developed by the Eco-Group also were reviewed by the PCT Human Health Group to compare
eco-risk derived RGs to human health risk reduction goals (see Appendix B). In all cases, the eco-risk
derived RGs satisfied the Human Health risk reduction goals.
The RGs provide numerical goals for sediments that were used to develop and design the sediment
remedy alternatives to reduce ecological and human exposures to sediment chemicals and to achieve the
RAOs.
The RG development process involved transparent, scientific collaboration among stakeholders, wherein
electronic calculation files were widely distributed and reviewed. Throughout this process, input from
various stakeholders was incorporated both quantitatively and qualitatively. NYSDEC-designated criteria
for wildlife and fish tissue were incorporated into the criteria when applicable. A single site-specific RG
was developed for PAHs and ranges of site-specific RGs4 were developed for PCBs, mercury, and lead.
The RGs discussed below reflect the range of site-specific values identified by various stakeholders
4

NYSDEC screening numerical guidance values are provided in Appendix A; the range and averages discussed herein reflect
site-specific RGs.
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within the Eco-Group. While the lower end of the site-specific range is typically presented in this FS
with regard to all remedy alternatives, it is noted that average and/or upper values within these ranges are
considered by USEPA GLNPO to be equally protective of wildlife within the river for numerous reasons
described in Appendix A. The single value surface-weighted average concentration (SWAC) RGs
provided for lead, mercury, and PCBs for this FS fall within the range of SWAC RGs determined by the
Eco-Group. The following general statements can be made regarding the site-specific RGs for each of the
four Buffalo River indicator chemicals:


Total PAHs: The RG for PAHs is to reduce sediment exposures to below a PAH toxicity unit (TU)
of 1. A PAH TU of 1 equates to 16 mg/kg in Buffalo River sediments. The RG developed for total
PAHs is based on the USEPA’s (2005) Equilibrium Partitioning Approach using multiple data sets,
including sediment toxicity testing with and without toxic responses, and site-specific KOC values. It
also includes evaluation of USEPA’s target lipid model approach using bioaccumulation data
developed by the USACE.



Total PCBs: The RG for PCBs is to achieve a surface-weighted average concentration (SWAC) for
PCBs equal to or below a 0.20 mg/kg. The range of RGs for PCBs s identified by various
stakeholders within the Eco-Group was from 0.18 to 0.44 mg/kg (with an approximate mean of
0.3 mg/kg). The lower end of this range in based on a PCB PRG calculated from an extrapolation
from the Theoretical Bioaccumulation Potential (TBP) model, an established USACE mathematical
bioaccumulation model for benthic organisms. This model used site-specific data and a Great Lakes
Water Quality Agreement criterion to determine a level of total PCBs in fish that would be protective
of fish eating birds and mammals. An additional risk-based evaluation using site-specific fish tissue
data, and using NYSDEC and USEPA fish tissue criteria considered protective of piscivorous
wildlife, was conducted (Appendix A).



Mercury: Recently sampled fish tissues from the river have chemical concentrations that are well
below the NYSDEC and USEPA fish tissue criterion for mercury, as described in Appendix A.
Maximum fish tissue concentrations are approximately half the NYSDEC and USEPA criterion of 0.5
mg/kg, and average concentrations (i.e., those most relevant to wildlife exposure) are approximately
an order of magnitude lower than the NYSDEC/USEPA criterion. A RG was identified for
consideration in the FS so that remedial options could be evaluated against current conditions, and as
to whether they might result in elevated SWACs beyond levels currently measured. On this basis, the
RG for mercury is to achieve a SWAC equal to or below 0.44 mg/kg. The range of RGs for mercury
identified by various stakeholders within the Eco-Group range was 0.43 to 0.54 mg/kg (with an
average of approximately 0.5 mg/kg). This RG is considered highly protective, considering how
much lower current fish tissue conditions exist compared to the NYSDEC/USEPA fish tissue
criterion and the fact that the lower end of the range is derived from a very conservative data
management approach.



Lead: Based on recently sampled fish tissue from the river, lead concentrations are below the
NYSDEC fish tissue criteria for wildlife, and are below the USEPA threshold5 considered protective
of wildlife, as discussed in Appendix A. In general, sediment toxicity testing results that showed no
toxicity associated with Buffalo River sediment (Appendix A). A RG was identified for
consideration in the FS so that remedial options could be evaluated against current conditions, and as
to whether they might result in elevated SWACs beyond levels currently measured. On this basis, the
RG for lead is to achieve a SWAC equal to or below 90 mg/kg, which is reflective of current average

5

USEPA hazard quotient of 1.
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surface conditions in the river. This RG value is considered protective given that current conditions
do not pose adverse risks to fish and wildlife, the fact that the lower end of the range is derived from a
very conservative data management approach, and that the RG is above the observed basin
background input concentration UPL of 42.4 mg/kg (new basin inputs will therefore not adversely
affect the long-term goals for lead).
The site-specific RGs established for total PAHs, Pb, Hg, and total PCBs apply to surface sediments,
which are defined as sediment depths beginning at the sediment / water interface and extending 1 foot
below the sediment surface (i.e., 0 – 1 ft depth). The upper 6 inches is commonly considered the
biologically active zone in Great Lakes freshwater sediments. The vast majority of sediment-dwelling
macroinvertebrates occur in the upper 6 inches (USACE 2008b, US Navy 2003, WDE 2005), therefore
deeply deposited, sequestered chemicals beneath the biologically-active sediment-bed surface generally
contribute little or no additional risk. Recognizing that a site-specific analysis of the biological active
zone has not been performed for the Buffalo River, the RGs are applied to sediments in the upper 1 ft
(i.e., upper 12 inches).
For the purposes of this FS, SWACs are calculated over an area of 1/3-mile segments, across the width of
the river. The site-specific SWAC RGs established by the Eco-Group for total PCBs, Pb, and Hg, were
developed to be protective of piscivorous wildlife. Thus, fish life history information was considered in
determining appropriate SWAC areas. Although many of the fish that inhabit the Buffalo River have
large home ranges, non-specific home ranges, or are opportunistic in their use of the river, for the
purposes of this FS, small home range fish species and life stages were evaluated. By using the shortest
fish range reported, this constitutes a highly conservative approach that is consistent with our
understanding of fish behavior in the river, and is adequately protective of ecological and human
receptors. The details of this evaluation are presented in the Technical Memorandum, Rationale for
SWAC Areas for the Buffalo River AOC, provided in Appendix C6.
The timeline under which the Buffalo River site-specific RGs are expected to be achieved is dependent on
the remedial technology that is selected. For example, a sediment cap may achieve reduced surface
sediment chemical concentrations shortly following remedy implementation, while dredging often relies,
in part, on natural deposition to meet RGs due to the deposition of dredge residuals. Long-term
monitoring of surface sediment (0–1 ft) chemical concentrations will be conducted at Year 2 following
the completion of the remedy. The target is to achieve the site-specific total PAH RG and the SWAC
RGs for Pb, Hg, and total PCBs at the 2-year review. An evaluation of the surface sediment chemical
concentrations at the 2-year monitoring period will be used to demonstrate the extent to which the RGs
have been achieved. Additional chemical monitoring may be conducted at Year 5, depending on the
results of the Year-2 monitoring and the need for additional action.

6

Representatives of NYSDEC expressed concern that measuring 1/3-mile SWAC areas across the width of the river has the
potential to dilute elevated point concentrations of Pb, Hg, or total PCBs along the river banks. Per the request of NYSDEC,
post-remedial SWACs were calculated based on 1/3-mile SWAC areas divided by the left bank, right bank, and navigation
channel. The results of this SWAC analysis, presented in Appendix C, demonstrated that calculating SWACs across of the
Buffalo River and City Ship Canal does not dilute elevated surface sediment chemical concentrations along the banks to the
extent that elevated deposits are being ignored that would otherwise be captured by dividing the river to separate bank areas and
the navigation channel.
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4 SCREENING OF AVAILABLE SEDIMENT REMEDY
TECHNOLOGIES AND PROCESS OPTIONS
The technology and process screening approach described in this section is consistent with USEPA
Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA (1988), and the
technologies screened are consistent with USEPA sediment remediation guidance (USEPA 1998, 2005a).
Technologies and process options that do not achieve the criteria of safety, effectiveness, and
implementability, or do not meet the RAOs specified in Section 3, are eliminated from further
consideration for the purposes of this FS.
General response actions (GRAs) are broad categories of possible sediment remedy actions such as
containment, removal, treatment, disposal, or combinations of these actions. The following GRA
categories were identified to address the Buffalo River sediments:
a) No action
b) Institutional controls
c) Natural recovery
d) Sediment capping
e) Sediment removal
Table 4-1 lists the range of possible sediment remediation technologies and process options associated
with each of the categories above. Effectiveness, implementability, and cost are the major criteria
considered as part of the initial screening:


Effectiveness is evaluated based on the ability of the technology or process option to meet the RAOs,
ensure long-term human health and environmental protection, protect against short-term human and
environmental effects during construction, and proven reliability at sites with chemical constituents
and conditions similar to those at the Buffalo River. Effectiveness also considers safety. Safety is
evaluated based on the potential for implementation of a technology or process option to generate
higher, different, or unanticipated adverse human health effects or ecological impacts. Projected
activities are evaluated for negative impact to community residents, changes such as disruption of
baseline sediment geochemical or biological conditions that alter chemical bioavailability, increased
erosion, or increased likelihood of offsite migration of contaminated sediment.



Implementability encompasses both the technical and administrative feasibility of implementing a
technology or process option. This includes the ability to obtain necessary permits, equipment, and
labor to implement the remedy; and industry experience in implementing the remedy.



Costs for each option are estimated as to whether they are low, moderate, or high. For this section,
costs are based on engineering judgment and available historical information associated with each
option. In many cases, more efficient and cost-effective remedies can accomplish the same result or
can outperform less efficient, more costly remedies.
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4.1 No Action
The No Action GRA is required by the NCP as the baseline case to which all other response actions and
alternatives are compared.

4.1.1 Applicability to the Buffalo River
Under the No Action response, no remedial activities would be conducted and there would not be any
short- or long-term monitoring. No Action reflects the Buffalo River site conditions as they exist.
No Action may be appropriate if a site currently meets the all of the RAOs or if a previous response
(e.g., ongoing upland remedial activities and source control) eliminates the need for further action.

4.1.2 Screening Criteria


Effectiveness. This response would not change baseline sediment conditions reported in the SRIR
(ENVIRON et al. 2009), except for changes that occur naturally. Construction hazards and health
risks to remediation workers and residential communities during remediation would be nonexistent
because no action is taken as part of this alternative. However, as a result of the No Action
alternative chemical concentrations exceeding the remedial targets developed for the increased
protection of ecological and human health would be left in place in both surface and subsurface
sediments.



Implementability. Because no action is taken, this response is readily implementable.



Cost. Because no action is taken, no costs apply to this option.

4.1.3 Screening Results
No Action is retained for further evaluation to serve as a baseline for comparison with other response
actions as required by the NCP.

4.2 Institutional Controls
Institutional controls are documents, informational devices, and legal restrictions that minimize, limit, or
prevent potentially unacceptable exposures to contaminated media. The use of institutional controls can
reduce risks associated with complete ecological and human health exposure pathways by limiting the
amount of direct contact with contaminated sediments. Institutional controls may include waterway use
restrictions (i.e., no-dredging areas or no-anchoring areas), fish consumption advisories or bans, use of
permitting processes (i.e., Section 404 permits), and deed restriction/environmental easements or notices.
Existing NYSDOH public health advisories are in place for the Buffalo Harbor and River; supplemental
fish advisories may be employed to reduce exposures to organic and inorganic chemicals, similar to these
existing advisories (NYSDOH 2009).
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4.2.1 Applicability to the Buffalo River
Sport fishing advisories exist to prevent exposures to PCBs through consumption of carp from the Buffalo
River (NYSDOH 2009). These restrictions will likely be maintained by NYSDOH until such time that
the criteria for delisting are attained. Current concentrations of mercury in fish have not led the state to
list mercury in their fish consumption advisories. For this FS, it is assumed that the current fish
advisories will be used in conjunction with other remedial actions at the Buffalo River.
Currently permits are required for dredging, filling, or other construction activities along the Buffalo
River AOC. The USACE administers Section 404 of the Clean Water Act, which requires that a permit
be obtained for the discharge of fill or dredged material in waters of the United States. Under Section 401
of the Clean Water Act, NYSDEC must certify that proposed Section 404 discharges comply with State
water quality standards. The USACE also administers Section 10 of the Rivers and Harbors Act, which
requires that a permit be obtained for dredging and other activities in navigable waters. These permits
requirements may be used as effective institutional controls for construction in and adjacent to the Buffalo
River AOC.

4.2.2 Screening Criteria


Effectiveness. Institutional controls may supplement other engineering controls or response actions
during development and evaluation of the remedial alternatives.



Implementability. This response action is readily implementable.



Cost. Only administrative actions would be taken for this response action; therefore, capital and
Operations and Maintenance (O&M) costs would be very low.

4.2.3 Screening Results
Institutional controls are not retained as a sole remedy, but may be evaluated as components of other
remedial alternatives.

4.3 Monitored Natural Recovery
Monitored natural recovery (MNR) involves leaving contaminated sediments in place and allowing
existing processes (physical, chemical and/or biological) to contain, destroy, alter, or otherwise reduce the
bioavailability and toxicity of contaminants (Magar et al. 2009, NRC 1997). A variety of natural
processes can contribute to MNR, including natural sedimentation in depositional environments (e.g., offchannel areas such as river banks and turning basins), chemical transformation (e.g., chemical reduction),
and sequestration and stabilization (e.g., the precipitation of metals and hydrophobic chemical
partitioning, and corresponding reduced bioavailability and risk).
Monitoring is an integral component of the MNR remedy. Long-term monitoring of environmental
restoration recognizes that uncertainty is inherent to any cleanup activity and must be managed through
data collection and monitoring (US Department of Energy (USDOE) 1997).
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Natural biological or chemical processes can attenuate contaminants to levels below concern through
biotic or abiotic transformations and interactions. Typical forms of natural contaminant reduction include
chemical precipitation, sequestration, and biotransformation and biodegradation. Amendments may also
be added to the sediment to facilitate the in-situ biotic or abiotic attenuation of contaminants.
MNR can be implemented as a sole remedy or as part of a larger remedial strategy incorporating more
intrusive sediment alternatives. For example, institutional and/or engineering controls are commonly
employed in conjunction with MNR, such as navigational restrictions, physical access restrictions, and
future dredging restrictions. These controls minimize the potential for disruption of the natural recovery
processes.
Advantages and limitations of MNR are discussed in the USEPA (2005a) Contaminated Sediment
Remediation Guidance for Hazardous Waste Sites and in the US Department of Defense (DoD) Technical
Guide: Monitored Natural Recovery at Contaminated Sediment Sites (Magar et al. 2009). Advantages
include:


MNR reduces disturbances to the ecosystem that may jeopardize habitat and sensitive aquatic species.



MNR is readily implementable.



At sites where MNR satisfies risk-based remedial goals, MNR can effectively manage human and
ecological risks.

Disadvantages include:


Contaminants are left in place.



The time frame for natural recovery is typically slower than that for invasive remedies, such as
capping or removal.

4.3.1 Applicability to the Buffalo River AOC
MNR relies on source reduction. Similar to other remedial strategies, natural recovery processes can
potentially be undermined if ongoing sources of contamination to sediment are not adequately controlled.
Efforts to date to reduce or eliminate sources to the Buffalo River AOC contribute to the ongoing natural
recovery of the Buffalo River sediment and ecology. This FS assumes that additional source recovery
measures, if needed, will be implemented before implementing the final remedy.
Natural sedimentation and mixing can create a surface sediment layer with lower chemical concentrations
through the physical burial of contaminated buried sediments over time (USEPA 2004a, Brenner et al.
2004, Magar and Wenning 2006). Such “natural capping” can form a protective barrier that inhibits
diffusion of chemicals into the water column, minimizes the potential of contaminated sediment
resuspension, and helps isolate contamination from contact with ecological and human receptors. At the
Buffalo River AOC, historically reduced surface sediment concentrations provide the strongest evidence
of natural recovery via sedimentation and contaminant burial. The SRIR (ENVIRON et al. 2009) reported
lower surface sediment concentrations compared to buried concentrations for all four indicator chemicals
(PAHs, PCBs, Hg, and Pb). Average concentrations are typically higher in the subsurface sediments
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compared to surface sediments across each RM segment. Large portions of the Buffalo River AOC
demonstrate depositional behavior, making these areas suited to MNR.
Ongoing maintenance dredging in the navigational channel of the Buffalo River may disrupt “natural
caps” that form as a result of natural sedimentation processes. The long-term monitoring component of
an MNR remedy will demonstrate if unacceptable levels of chemical concentrations are present in surface
sediments as a result of maintenance dredging. If so, the decision criteria outlined in an MNR long-term
monitoring plan will be followed. In addition, to help USACE make informed decisions regarding the
removal of sediments within the navigation channel, data and information regarding the delineation of
buried sediment chemical concentrations will be made available. It is also common practice for USACE
to collect sediment samples from the proposed dredged areas prior to dredging and analyze these samples
for chemical concentrations to assist with the management of dredged material.

4.3.2 Screening Criteria


Effectiveness. Depositional areas in the Buffalo River AOC are reasonably well suited for MNR.
The sediment bed is generally stable and resistant to erosion, and natural recovery processes are
expected to continue to reduce contaminant bioavailability. Current human and ecological exposures
are relatively low in many areas of the AOC, but in other areas surface sediment concentrations have
not yet achieved the risk-based RGs identified for the Buffalo River. Effectiveness of MNR is
reinforced by long-term monitoring of sediment, chemical, geochemical, and biological conditions.



Implementability. MNR is readily implementable because it requires no action beyond detailed site
characterization, monitoring, and possible execution and maintenance of institutional or engineering
controls. Site characterization already has been implemented at the Buffalo River AOC, resulting in
multiple lines of evidence in support of MNR.



Cost. MNR has a relatively low cost compared to other, more active remedial technologies.
However, monitoring costs associated with MNR can be significant, particularly if monitoring is
required over a large area and long duration. Still, costs for MNR are generally low compared to
other sediment remedies, even when considering monitoring and institutional control costs.

4.3.3 Screening Results
The lines of evidence demonstrating natural recovery processes contributing to reduced risks over time in
the Buffalo River AOC establish MNR as a feasible sediment remedy for the site. However, the presence
of surface sediment concentrations above the risk-based RGs indicates natural recovery has not yet
achieved the site-specific RGs and thus has not yet achieved RAOs. MNR is an implementable
alternative and therefore is retained for further analysis.

4.4 Sediment Capping
Sediment capping involves the controlled placement of suitable material over contaminated sediment.
Capping is a relatively mature, proven technology. USEPA (2005a) identifies the following three
primary cap functions: physical isolation, stabilization/erosion protection, and chemical isolation.
Physical and chemical isolation separate contaminants from the surrounding environment, protect human
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or ecological receptors from chemical exposures, and minimize the potential for resuspension and
transport. Sediment capping is generally most appropriate for locations where routine disturbance (e.g.,
maintenance dredging) is not required to support local functions such as navigation, and the environment
is relatively low-energy so the cap will be stable.
Materials commonly used in conventional sediment caps include clean sediment, sand, or gravel (USEPA
1998). Sediment cap materials can be dredged from nearby waterways or obtained from upland sources.
In certain instances, a more complicated engineered capping system can involve geosynthetics (e.g.,
geomembranes or geotextiles), multiple layers of various materials, or specialty amendments (USEPA
1998).
Cap armoring is employed, where required, to stabilize cap materials, and generally consists of the
placement of gravel or riprap over the clean cap. This technique may be used in higher energy
environments where currents, waves, or mechanical disturbance (e.g., propeller wash) could potentially
scour the cap material.
Sediment capping can be implemented as a sole remedy, or in conjunction with other remedial
techniques. Institutional or engineering controls are commonly employed in conjunction with caps; these
include navigational restrictions, physical access restrictions, and future dredging restrictions. Such
controls minimize the potential for cap disturbance and subsequent exposure to sediment contamination
by human or ecological receptors.
A monitoring program is commonly required when a cap is used to remediate contaminated sediment
sites. Monitoring may include bathymetric surveying and visual observation (e.g., camera or video
profiling) to evaluate cap integrity and the potential for cap displacement, shifting, or erosion. Biological
monitoring may be conducted to evaluate biological recovery of the cap surface, and surface sediment
sampling may be conducted to monitor surface sediment deposition and recontamination potential.
Advantages and limitations of sediment capping are discussed in the USACE (2005a) Contaminated
Sediment Remediation Guidance for Hazardous Waste Sites. Advantages include:


It immediately provides a clean sediment surface and it quickly reduces exposure to chemicals in
surface sediments.



The potential for exposure to contaminants is reduced without material handling, treatment, and
disposal.



Cap material often provides a clean substrate for the recolonization of benthic organisms.



Cap implementation is typically quicker and less expensive than sediment removal.

Disadvantages include:


Limitations/restrictions may exist for future site use.



Caps may require routine repair or periodic replenishment if they are damaged.
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Caps may alter water depths, reducing available habitat, navigation depths, and floodway conveyance
capacity.

In addition to conventional isolation caps, which were described at the beginning of this section, cap
types include synthetic caps such as geomembranes or geotextiles; amended caps (also known as reactive
caps) where amendments (e.g., activated carbon, organo-clays, or other natural or synthetic sorbents) are
added to enhance certain physical or geochemical properties; and thin-layer caps.
Thin-layer caps are generally less than 30 cm (12 inches) thick and are used to enhance ongoing natural
recovery processes. They serve many of the same purposes as isolation caps (namely, creating a clean
sediment surface, reducing sediment scour potential, and increasing the physical barrier between
contaminated sediment and the ecological environment), but generally do not include armoring. A thinlayer cap can accelerate natural recovery processes by rapidly providing a cleaner sediment surface and
benthic environment. Optimum thin-layer cap thickness is determined on the basis of site-specific
characterization information, natural recovery characteristics, and RAOs.

4.4.1 Applicability to the Buffalo River AOC
Sediment capping satisfies the RAO goals that seek risk reduction while minimizing construction hazards
and implementation risks to the City of Buffalo community, construction workers, and the environment.
The primary benefit of capping would be to physically and chemically isolate site contaminants from the
environment while enhancing natural recovery processes via stabilization and containment of in situ
sediment.

4.4.2 Screening Criteria


Effectiveness. Portions of the Buffalo River AOC have conditions suitable for capping, including
relatively low-energy environments along the sediment banks and in the turning basins. However,
given that the navigational channel encroaches upon many of these areas by occupying over two
thirds of the width of the river and that the navigational channel is periodically dredged for
maintenance, areas suitable for capping are narrow and limited. Capping could be effective in areas
outside of the navigation channel where it can be assured that maintenance dredging would not
compromise the integrity of the cap.
Ice jams have been identified as causes of cap erosion at other remediated sites. An ice jam
evaluation was conducted for the Buffalo River AOC, and, as reported in the SRIR, the results of this
evaluation show no ice jams along the AOC have occurred since 1966, likely as a result of the ice
management strategies implemented along the AOC and in upstream tributaries. The findings from
this evaluation indicate that ice jams are not expected to pose a risk to the integrity or effectiveness of
capping at the Buffalo River.
Thin-layer capping could be effective in the low-energy environments within the Buffalo River AOC.
The benefit of thin-layer capping would be to minimize negative ecological impacts of sediment
capping, such as loss of aquatic habitat in the river, and to minimize loss of flow conveyance. Thinlayer capping accelerates MNR processes—particularly contaminant burial—which already have
been shown to be occur in the Buffalo River AOC, decreasing surface sediment contaminant
concentrations and reducing risks to human health and the environment. Thin-layer capping may be
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effective in areas that cannot be dredged due to limited accessibility, protection of bulkheads, or
protection of sensitive habitat where the benefits of conserving existing habitat outweigh the benefits
of dredging.
Cap effectiveness is reinforced by long-term monitoring of cap integrity and biological recovery
following remedy implementation.


Implementability. In general, sediment capping is readily implementable, although the areas suitable
for capping within the Buffalo River AOC are limited, and the routine disturbance of the Buffalo
River AOC (e.g., maintenance dredging) could impact cap stability. Though dredging impacts on a
sediment cap can be avoided, doing so might require congressional reauthorization of portions of the
navigation channel. In addition, an evaluation would need to be conducted to ensure placement of fill
within the floodplain does not increase the potential for flooding due to a reduction in the river’s flow
conveyance capacity. Capping is field proven, and the Buffalo River AOC is accessible from land or
water.



Cost. Capping costs are generally moderate. Capping usually has a lower cost than dredging and is
more expensive than No Action and MNR. Monitoring costs associated with capping can be
appreciable, particularly if monitoring is required over a large area and a long duration, and if
extensive chemical and biological monitoring are required. Initial monitoring determines whether cap
installation meets design specifications. Long-term monitoring assesses long-term remedy integrity.

4.4.3 Screening Results
Areas suitable for capping within the Buffalo River AOC are limited to areas outside of the federallydefined navigational channel in the Buffalo River and City Ship Canal. This includes the narrow portions
of the river and ship canal that border the navigational channel and the non-navigable portion at the end
of the City Ship Canal. To the extent that routine disturbance of the Buffalo River AOC
(e.g., maintenance dredging) could impact cap stability, and concerns regarding reduction on river
conveyance capacity, isolation capping along the non-navigable areas of the Buffalo River AOC is not
considered further in this FS, except possibly for areas that cannot be dredged due to limited accessibility,
protection of bulkheads, or protection of sensitive habitat. However, capping is considered for the nonnavigable portion of the City Ship Canal (i.e., at the end of the ship canal, beyond the terminus of the
authorized dredge channel), and thin-layer capping may be considered to augment remedies if it can be
demonstrated that thin-layer capping does not exceed FEMA restrictions on increased flood potential
during a 100-year flood event, or if thin capping can support a restoration alternative.

4.5 Sediment Removal
Advantages and limitations of environmental dredging are discussed in the USACE (2008a) Technical
Guidelines for Environmental Dredging of Contaminated Sediments. Advantages include (USACE
2008a, USEPA 2005):


If the operation achieves cleanup levels for the site, dredging can reduce uncertainty regarding longterm cleanup effectiveness.



Removal of the contaminated material can provide flexibility for future use of the water body.
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Sediment removal can allow for treatment and/or beneficial reuse of dredged or excavated material
(although sediment treatment is not often cost-effective and therefore not often selected).

Disadvantages include (USACE 2008a, USEPA 2005):


Implementation is usually more complex and costly than in situ remedies.



Treatment technologies for contaminated sediment frequently offer implementation challenges
because of limited full-scale experience and high cost.



Local disposal capacity may be limited.



Dredging or excavation may also be more complex and costly than other approaches due to
accommodation of equipment maneuverability and portability/site access.



Operations and effectiveness may be affected by utilities and other infrastructure, surface and
submerged structures (e.g., piers, bridges, docks, bulkheads, or pilings), overhead restrictions, and
narrow channel widths.



There is a level of uncertainty associated with estimating the extent of residual contamination
following removal, often making the sediment removal processes and achievement of risk-based
remediation goals difficult and costly.



There is potential for contaminant losses through resuspension, dissolution, and volatilization.



As for in situ capping, disruption of the benthic environment normally is unavoidable during dredging
or excavation, and usually includes at least a temporary destruction of the aquatic community and
habitat within the remediation area.



Removal of sediments near shoreline structures such as existing bank protection, retaining walls, and
wharfs, has the potential to undermine the shoreline and/or structures, creating foundation instability
and limiting the depth of sediment removal near these features.

Though dredging can offer long-term advantages, dredging alone often has a limited ability to achieve
reduced surface sediment chemical concentrations. In high depositional environments natural
sedimentation may be used to achieve remedial goals after dredging. Dredging may enhance deposition
rates (i.e., dredged areas often act as traps for sediment deposition) and accelerating natural recovery
processes.
Sediment removal technologies and components are varied and complex. In this section, the different
dredging options are described and components of the sediment removal process are reviewed in Sections
4.5.1 and 4.5.2). Subsequently, applicability to the Buffalo River AOC is discussed (Section 4.5.3), and
the options and processes are screened per the evaluation criteria (Section 4.5.4). Screening results are
provided in the final subsection (Section 4.5.5).
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4.5.1 Dredging Technology Overview
Dredging is a relatively mature technology for sediment mass removal and has long been used for ship
navigation in rivers and harbors, including in the Buffalo River. A primary function of dredging is to
physically remove sediment from the aquatic environment. By removing contaminants from an impacted
environment, dredging and excavation have the potential to reduce mobility and exposure of
contaminants to humans and ecological receptors. However, dredging often is confounded by an inability
to achieve very low target chemical concentrations due to concurrent surface sediment mixing, and
residuals deposition. For this reason, dredging often relies on natural deposition to meet target
remediation goals.
Mechanical dredges for sediment remediation typically use digging buckets (e.g., clamshell buckets)
suspended by cables from a crane, or backhoe. Mechanical dredges remove sediment at close to the in
situ density, however some water is entrained in the bucket during filling (USACE 2008a; 2008b).
Hydraulic dredges suspend sediment in water to create slurry that is pumped via pipeline to a staging area
(e.g., a dewatering site or barge). The sediment is usually suspended in a large amount of water to allow
for transport through the pump and pipeline. For hydraulic dredging, the volume of water produced could
be 5 to 10 times the in-place volume of sediment removed (USACE 2008a).

4.5.2 Sediment Removal Component Overview
Apart from actual dredging, sediment removal involves transportation of dredged material from the
contaminated site and to the disposal site, dewatering, and disposal of dredged material. Treatment and
disposal of the dredged material account for a major proportion of the total cost of remediation projects,
and the ability to process the sediment may be the rate-limiting step when planning the overall schedule
(USACE 2008a). After removal, sediment often is transported to a staging or rehandling area for
dewatering (if necessary), separation (if desired), and further processing, treatment, or final disposal.
Transport links all dredging or excavation components and may involve several different technologies or
modes of transport (USACE 2008a). When dredged sediment can be disposed at a CDF, the CDF itself
can be used for sediment dewatering. This section discusses considerations relating to dewatering and/or
sediment stabilization, transportation of dredged material from the contaminated site, and disposal of
dredged material.

4.5.2.1

Dredged Material Dewatering

Unless the material can be barged or hydraulically conveyed to the disposal facility (e.g., CDF), dredged
sediment may contain too much water to be safely transported off-site or placed at a disposal facility.
These sediments may require dewatering, which requires permitting to regulate the discharge of treated
waters, and is usually a component of the management of contaminated dredge sediments when these are
to be transported to upland disposal facilities. Dewatering can reduce the weight and volume of sediment
designated for offsite disposal, controls and restrictions on transportation, and related transportation and
disposal costs.
The management of water removed from wet sediments is inherent to the dewatering approach. The
magnitude and extent of water management requirements depends on the dredging method and the
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dewatering method. In some cases, free water can be returned to the dredge site, which usually requires
treatment prior to discharge.
Dewatering options for dredged sediments generally range from passive (e.g., gravity dewatering or use
of geotextile tubes) to mechanical dewatering methods; additives may be used to enhance dewaterability,
but may increase the net sediment volume for disposal. The need for a water management system would
be identified in a detailed design and from a site-specific bench-scale treatability study that tests the
dewaterability of the sediments, to identify and select an appropriate dewatering method and to determine
the type and amount (if any) of additives required. Dewatering is generally time intensive, costly, and
requires large operating areas.
Staging Dewatering Activities. Staging of dewatering activities could require areas for multiple sediment
transfers, dewatering equipment, decontamination, and water treatment. The presence of CDF No. 4,
specifically designed for the management and disposal of sediments from the Buffalo River within 3 to 9
miles of the AOC, makes this alternative more attractive than onsite staging or barge mounted staging.
The availability of CDF No. 4 also makes upland disposal and associated dewatering, staging,
transportation unnecessary.
Offsite dewatering requires the construction of upland staging areas, creating additional challenges,
because the site would need to be conditioned for staging the dewatering activities and careful
coordination with neighboring properties. Dewatering requires barge transport of wet sediments to an the
staging area, which increases risks associated with wet sediment releases into the environment during
transport or sediment offloading, contamination of the docking facility or adjacent aquatic environment
during sediment transfer from the barge to the docking facility. Other disadvantages could include
construction of anchoring and docking facilities, shoreline and marine construction upgrades, permitting
requirements, and potential disruption of navigable waterways.
Water Treatment. Dewatering and upland sediment management activities require appropriate
management of water produced during dredging and dewatering activities. Water management is likely
to require removal of suspended solids and treatment of dissolved-phase contaminants. Water discharge
will have to be permitted.

4.5.2.2

Transportation and Disposal Response Actions

Dredged materials can be transported using barges, trucks, railroads, or pipelines. Barges transport
dredged or clean sediment over water. Sediments can be loaded directly onto barges during dredging
operations, after which the barge would transport sediments directly to a CDF or to a transfer facility
where the sediment could be offloaded. Because dredging in the Buffalo district already employs the use
of barges for sediment transport to CDF No. 4, bulkheads and retaining systems to protect against spillage
already exist. Multiple transport methods, including truck, rail, and barge transport may be combined
pending availability, access, efficiency, and cost. All transport methods generally require water- and
spill-control systems (e.g., adequate freeboard or liners) to prevent uncontrolled sediment and water spills
during transport. In general, sediment is dewatered before truck or rail transport.
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Considering the proximity of the CDF to the area of concern and that the CDF was designed to handle
sediments from the Buffalo River AOC, barge transport to the CDF is the recommended alternative for
the following reasons:


Schedule. Barge transport would only be limited by bridge opening schedules, which can be
accommodated.



Permitting. The CDF is a permitted facility that was specifically designed for the management and
disposal of sediments from the Buffalo River AOC. Authorization for use of the CDF facility would
be required from the USACE.



Sediment Disposal. Since considerable sediment dredging is anticipated for the Buffalo River AOC
and the CDF has barging facilities, the CDF is considered the most suitable, cost effective, and
environmentally protective sediment disposal site. For purposes of this FS, it is assumed that the
USACE will grant use of the CDF. If this assumption is incorrect, the feasibility of a dredge remedy,
in whole or in part, would need to be reassessed.



Operational Considerations. Barging facilities exist at the CDF, although the material off-loading
facilities at the CDF will require some improvements.



Environmental. The CDF is a permitted facility specifically designed for the management and
disposal of sediments from the Buffalo River AOC. For example, CDF No. 4 was used as the
disposal facility for the dredge project conducted at Smokes Creek in 2008–2009. By carefully
managing the sediment entering the CDF (e.g., segregation of elevated chemical concentrations
within the CDF, and placing a clean cover of material after sediment placement within the CDF), the
CDF can be environmentally protective, and reduces or eliminates risks associated with excess
sediment handling, transportation, and disposal. By retaining contaminated sediment within the
community from which it originated, use of CDF No. 4 prevents the export the Buffalo River
contaminants to another community and another ecological environment.



Human Health Risk. Dredging and sediment disposal in CDF No. 4 lowers worker and community
risks associated with sediment handling, dewatering, and transport, and lowers the energy demand
and air emissions resulting from the operation of cranes, tugboats, and other heavy equipment,
resulting in lower community impacts. The use of the CDF also ensures subsequent access to cover
contaminated sediments with cleaner (basin derived) dredged material under the USACE cognizance,
as well as subsequent monitoring of the confinement performance.



Local Impact of Trucks. Considering the anticipated dredged sediment volumes, use of the CDF
would serve to avoid substantial truck traffic and adverse impacts to traffic flow in the vicinity of an
off-loading facility.

Each of these reasons must be considered among the transportation alternatives for each selected remedy.

4.5.3 Screening Criteria


Effectiveness. Dredging has been demonstrated at numerous sites. As a mass-removal or sourceremoval technology, dredging is effective. However, dredging typically relies on natural recovery
processes to establish long-term, site-specific RGs. Natural recovery after dredging can be an
effective means of achieving RAO goals, via natural sedimentation and reduction of surface sediment
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chemical concentrations. In areas where relatively high deposition rates were reported in the USACE
shoaling study, natural deposition will quickly bury exposed dredged surfaces in the Buffalo River. In
areas where surface sediment contaminants are exposed in dredged areas and natural deposition rates
are too slow to rely solely on natural recovery, thin capping may be used to accelerate natural
recovery. Post-remedy placement of acceptable (basin-derived) sediment dredged from the upper
AOC can be cast into remedy excavations to advance recovery efforts. The potential use of dredged
sediments from USACE maintenance activities as casting material in remediated areas will follow the
state management requirements for dredged material.


Implementability. Dredging can be implemented at the Buffalo River AOC using the existing CDF
facility at the Buffalo Harbor. The industry and the region have substantial experience with each of
the dredging unit processes and all are considered implementable, though different unit processes
present unique challenges at the Buffalo River. A combination of dredging techniques may be
required to dredge around piers and abutments, submerged debris, cross channel utilities, and near
bulkheads. Special consideration will be required for slope backs from existing bulkheads so as to
not compromise their structural integrity. These issues will be resolved in the detailed design.
CDF No. 4 is an attractive alternative for dredged material disposal given its design for the
disposal/management of dredged material and location within 3 to 9 miles of the AOC. CDF No. 4
has been used for other dredge projects (i.e., the Smokes Creek project), and therefore, use of the
CDF is implementable. Barging and material off-loading facilities exist at the CDF. The presence
and purpose of the CDF eliminates from consideration other upland disposal facilities, such as
landfills, which would require truck transport of dewatered and possibly solidified dredged materials.
Monitoring of sediment chemistry would be required during and after dredging to determine
attainment of cleanup goals, and for post-dredging sediment processing. Monitoring dredging
performance and monitoring sediments after dredging is readily implementable.



Cost. Dredging is generally more costly than MNR and capping. However, by eliminating
dewatering, water treatment, and upland sediment transport and disposal, cost associated with these
activities would be substantially lower than conventional environmental dredging projects.
Dredging costs also are reduced by focusing dredging to remove contaminants from target areas, such
as areas with elevated chemical concentrations, while relying on in situ remedies to achieve overall
risk reduction. Such an approach greatly reduces the volume of material that requires dredging and
off-site disposal, and reduces some of the negative environmental impacts associated with larger scale
dredging.

4.5.4 Screening Results
Dredging is a mature technology, used primarily for sediment mass removal. Though dredging may have
little positive impact on short-term risk reduction, the removal of target sediment mass is expected to
effectively reduce long-term risks.
For the purposes of this FS, and consistent with current USACE dredging program in the Buffalo River, it
is assumed that the dredged sediment can be placed in CDF No. 4, and barge transport to the CDF is the
recommended means of transport to the CDF. This FS does not critically evaluate dredge methods, and it
is assumed that both mechanical and hydraulic dredge methods are applicable, although mechanical
dredging is likely to be the preferred dredge method if the dredged material is to be transported via barge
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to the CDF. The selected methods for dredging, transportation, and placement in the CDF will be
resolved during detailed design or construction bidding, as appropriate.

4.6 Results of the Remedy Screening Process
Technologies and process options that are retained from the screening process are listed in Table 4-1.
These technologies and process options are carried forward for the development of remedial alternatives
in Section 5. The screened sediment remedy technologies to be evaluated as part of remedial alternatives
for addressing sediment contamination in the Buffalo River AOC include the following:
1. No action
2. MNR
3. Capping in non-navigational areas
4. Dredging and disposal at CDF No.4.
The No Action alternative was identified and retained as required by the NCP. MNR is readily
implementable and effective at sites with strong evidence for natural recovery processes. Lines of
evidence developed for the Buffalo River indicate that natural recovery processes are ongoing in the river,
resulting in reduced surface sediment contaminant concentrations and ecological improvements with time.
However, current surface sediment levels continue to be above the site-specific RGs established by the
PCT Eco and Human Health Risk Subgroups. Capping may be employed in non-navigation areas.
Capping is considered very effective because it rapidly reduces surface sediment COC concentrations and
thus reduces or eliminates chemical exposures in capped areas. Targeted dredging and sediment disposal
in CDF No. 4, followed by sediment deposition in dredged areas, removes contaminant mass from the
river and is expected to provide long-term effectiveness when combined with natural sedimentation
processes by reducing surface sediment concentrations with time.
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5 DESCRIPTION OF REMEDY ALTERNATIVES
Using the results of the technology and process option screening presented in Section 4, this section
describes five different remedial alternatives for addressing sediments in the Buffalo River AOC.
Although the Buffalo River AOC is not a Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) site, CERCLA and NCP criteria are being followed in the evaluation of remedy
alternatives. The alternatives include combinations of remedial technologies and process options
(e.g., MNR, dredging, and sediment management) and control measures (e.g., monitoring programs and
institutional controls) identified as plausible based on the CERCLA criteria of effectiveness,
implementability, and cost.
The primary goal of this section is to describe the engineering scope and implementation considerations
of each of the five remedial alternatives. The evaluation process presented in this section is consistent
with USEPA guidance (2005a) and CERCLA requirements to evaluate a range of remedial strategies for a
given site. In Section 6, the sediment remedies are evaluated and compared to NCP evaluation criteria.
The five remedial alternatives are listed below. Each remedial alternative includes source control as a
component of the final remedy.


Remedy Alternative 1: No action



Remedy Alternative 2: Monitored Natural Recovery



Remedy Alternative 3: Basic Dredging



Remedy Alternative 4: Protectiveness Dredging



Remedy Alternative 5: Enhanced Protectiveness Dredging

Sections 5.1 through 5.5 describe each of the five sediment remedies. Detailed design and construction of
the sediment remedies will be required to meet substantive State of New York and federal permit
requirements for waterfront activities associated with disturbance to state and federal navigable waters. It
is possible that state and/or federal permitting requirements could alter the engineering specifications for
any of the remedies described in this section. The nature of changes to one or more of the sediment
remedy alternatives cannot be ascertained until the permitting process has been completed and regulatory
requirements are known. However, at this time, it is not anticipated that permitting requirements would
fundamentally alter the overall conclusions and recommendations presented in this FS.
Furthermore, the selected sediment remedial alternative includes a habitat restoration component to
restore lost or temporarily impaired ecological resources or services. Ecological restoration options are
likely to be applicable to most, if not all of the different sediment remedy alternatives, and are addressed
in Section 8. It is assumed, therefore, that incorporating habitat restoration and/or shoreline enhancement
activities will not fundamentally change the conclusions and recommendations presented in this FS,
except insofar as some remedies may be better suited to habitat recovery than others, and insofar as some
remedies may have a lesser impact on habitat than others while still achieving the same level of risk
reduction and remedy effectiveness.
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The areas identified for sediment remediation in Remedy Alternatives 2 through 5 were based on the
delineation of sediment chemical concentrations resulting from the IDW interpolation presented in
Figures 2-3 through 2-6. Surface sediment concentrations were used to develop a two-dimensional IDW
interpolation of surficial concentrations, and surface plus subsurface concentrations (all samples) were
used as inputs to a three-dimensional IDW interpolation of the remaining concentrations at depth. The
IDW interpolations provide estimated concentrations at points that are evenly spaced in the horizontal,
20 ft apart in a regular grid, and represent 1-ft slices of sediment in the vertical. SWACs were calculated
by averaging the surface sediment concentrations in the 20 ft cells over 1/3-mile segments of the river, as
discussed in Section 3.2.

5.1 Sediment Remedy Alternative 1: No Action
Pursuant to the requirements of the NCP to identify baseline environmental conditions in the absence of
remediation, the No Action remedial alternative is included in the analysis for comparison to other
alternatives. This remedial alternative reflects baseline river sediment conditions as described in the SRIR
(ENVIRON et al. 2009), and would entail no further action for remediation of Buffalo River AOC
sediments. Natural recovery processes are expected to continue, such as the deposition of cleaner
sediments, but these processes would not be monitored. In addition, the removal of contaminated
sediments through maintenance dredging of the navigational channel is expected to continue, but
monitoring of chemical concentrations for sediments left in place would not be monitored. The No
Action alternative would likely be accompanied by institutional controls, namely fish advisories already
in place for the Buffalo River. With time, if and when fish PCB concentrations fall below the criteria to
maintain the fish advisories, the State of New York may elect to remove the advisories.

5.2 Sediment Remedy Alternative 2: Monitored Natural Recovery
MNR involves site characterization followed by long-term monitoring. Multiple lines of evidence are
used to establish MNR as an effective alternative over time (Magar et al. 2009). Monitoring is used to
demonstrate the ability of MNR to achieve RGs in surface sediments and reduce the risks to human health
and the environment associated with current sediment conditions. MNR would likely be accompanied by
institutional controls, namely fish advisories already in place for the Buffalo River, and existing federal
and state permit requirements for construction in and adjacent to the Buffalo River AOC.

5.2.1 Physical Lines of Evidence Supporting MNR
The remediation of sediments in the Buffalo River AOC through MNR uses ongoing, naturally occurring
processes that contain or reduce the bioavailability or toxicity of chemicals in the sediment. Natural
physical processes that contribute to MNR remedy for the Buffalo River AOC include the deposition of
suspended sediments originating from watershed sources upstream of the AOC. Because the Buffalo
River channel is dredged regularly, the channel areas are maintained in a state of disequilibrium with
respect to erosion and deposition, creating an environment that is generally depositional. The deposition
of suspended material provides a physical barrier of sediments with lower chemical concentrations as
compared to the buried sediments, thus isolating elevated chemical concentrations in the sediment and
reducing the potential exposure of elevated concentrations to humans and biota. Evidence that natural
sedimentation leads to reduced chemical concentrations in surface sediments in the Buffalo River AOC is
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demonstrated in the 2005/2007 and 2008 sediment chemistry data; in every half-mile increment of the
river, average surface sediment concentrations for total PAHs, total PCBs, Hg, and Pb are lower than
average subsurface concentrations for each respective chemical (ENVIRON et al. 2009).
The Buffalo River AOC is characterized as a low-energy, depositional system that is not subject to
significant scour of the sediment. Both the direction and magnitude of flow in the lower Buffalo River
are frequently affected by seiche-related changes in Lake Erie water levels. Results from model
simulations demonstrated low velocities and bottom shear stresses throughout the AOC during low to
moderate flow conditions. An increase in velocity was shown for low flow conditions with a large seiche
influence, but these elevated velocities were typically short in duration and resulted in relatively low
bottom stresses, relative to watershed-driven events that can create high, sustained flows. During
moderate flow events (1-yr recurrence interval) model results demonstrated higher velocities throughout
the river, with highest velocities in the upstream areas and in the relatively narrow reach between RM 1.0
and 2.0. Under all high flow events, seiche impacts were observed to be small relative to the effect of
watershed flows. Further increases in velocities and shear stress were demonstrated during modeled high
flow events (10-yr and 100-yr intervals). These increases were most notable in the narrow section of the
river between RM 1.0–2.0, and at intermittent locations in the sinuous upper portion of the river,
e.g., near RM 2.9, and RM 5.2. A discussion of river hydrodynamics and velocity/shear stress conditions
under a range of flow and seiche conditions is presented in the SRIR (ENVIRON et al. 2009).
The hydrodynamic modeling studies and investigation of sediment bed properties supports an improved
understanding of the sediment transport within the Buffalo River AOC and an understanding of the longterm stability of the system under wet weather and high seiche conditions. A technical memorandum on
sedimentation in the Buffalo River and long-term sediment stability is provided in Appendix C. In
summary, a generally high rate of sedimentation occurs throughout the river, as indicated by USACE
dredging activities and supporting modeling studies (USACE 1988). Post-dredging rates of
sedimentation vary significantly from 0.2 – 0.4 ft/year depending on the reach of the river. Bed load
deposition predominantly occurs upstream, and deposition of suspended sediment materials is more
broadly distributed throughout the river, generally decreasing from upstream to downstream. Deposition
will tend to be greater in areas that have been recently dredged, have lower velocities, and lower bottom
shear stresses. The artificially deep river cross-sections maintained by ongoing dredging activities
contributes to the lower velocities and a generally depositional environment in the Buffalo River AOC.
An analysis to provide a quantitative estimate of the degree of scour was conducted based on
hydrodynamics, available information regarding sediment properties, and mixing and deposition
characteristics of the Buffalo River AOC (Appendix C). Results show that, during 100-year flow events,
isolated localized zones have an elevated probability of sediment scour due to local hydrodynamics,
caused primarily by river geomorphology changes in bathymetry. Site-specific measurements of
sediment cohesiveness and armoring, and data on storm event watershed solids loads for the Buffalo
River are not available, making it difficult to predict the precise depth of scour in the identified areas of
high erosion potential. However, a model of a similar Great Lakes tributary with similar bed
characteristics and watershed geology (Lower Don River, Toronto) shows maximum scour depths of less
than 1.5 feet (0.5 meter) under shear stress conditions similar to the 100-year event on the Buffalo River.
The same model also shows broad areas of solids deposition due to greatly increased loads of watershed
solids under high event flow conditions, demonstrating that large flow events are often more likely to be
net depositional than net erosional. Similar scour and erosion depths can be expected in localized zones
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of the Buffalo River AOC that are shown to have a higher probability of sediment scour. Based on the
model analysis, the net depth of sediment scour in the Buffalo River is generally expected to be less than
1.0 ft, not to exceed 1.5 feet during a 100-year storm event. Elevated chemical concentrations in the
Buffalo River sediments are typically buried beneath the top foot of sediment, and are thus not expected
to be exposed during scour events in localized areas.

5.2.2 Ecological Lines of Evidence Supporting MNR
Various ecological metrics provide some evidence of ongoing habitat recovery in the Buffalo River.
These lines of evidence include improvements in benthic community metrics, reductions in fish liver
lesions, and reduced chemical concentrations in edible fish. Additional studies would be required to
determine the long term ecological improvements suggested by these lines of evidence.

5.2.2.1

Benthic Community Improvements

Researchers of the Buffalo River have reported recovery in the benthic community over the past two
decades, in part due to improvements in water quality (e.g., dissolved oxygen, suspended solids, and
water temperature) and possibly through navigational dredging, stormwater management, and natural
attenuation (Irvine et al. 2005). Blum (1964) found no benthic invertebrates in the dredged section of the
Buffalo River, but the benthic community demonstrated a notable improvement by the late 1970s to early
1980s (Canfield et al. 1992). This improvement was most significant at the upstream and downstream
extents of the AOC, but the benthic community within the middle section was still considered to be
degraded.
In a review of mostly unpublished historical Buffalo River benthic invertebrate data (1964 to 1993),
Diggins and Snyder (2003) documented recolonization and expansion of the benthos from the barren
conditions reported previously. According to Diggins and Snyder, many of the early benthic community
improvements were likely due to water quality improvements, such as dissolved oxygen, temperature, and
suspended solids. However, according to Irvine et al. (2005), the benthic community quality declined
between 1993 and 2004, based on a comparison of invertebrate family richness. The findings of the 2008
benthic community assessment show the family richness of the sediment grab samples is generally similar
to that seen in the 2003/4 study. It is unclear whether the current findings reflect degraded benthic
community conditions related to chemical contamination or those conditions related to the influences of
an urban watershed.
A NYSDEC 30 Year Trend Report (1972-2002) indicated that water quality has improved dramatically in
the Buffalo River since it was first sampled in 1976 (NYSDEC 2004). The river has progressed from
severely impacted in 1976 to moderately impacted in 1988 to slightly impacted in 1993 and 2000, based
on resident macroinvertebrate communities. This report indicates that caddisflies were first collected in
1988, and more sensitive mayflies were first collected in 2000. In the 2000 multi-plate samples
(presumably Hester-Dendy samplers, but if not, something similar), four species of clean-water mayflies
were found at the Ohio Street bridge site. The 2008 Hester-Dendy sampling showed that the location
nearest this bridge (BR06) had the highest caddisfly count of any location (approximately 33 individuals
on just one sampler). Mayflies, caddisflies, and stoneflies are the basis of the ephemeroptera, plecoptera,
and trichoptera (EPT) Index, and the 2008 study showed that EPT were seen at every location sampled in
at least one of the replicates.
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5.2.2.2

Historical Trends In Fish Liver Tumors

The Fish Tumors and Other Deformities BUI was listed as impaired based on the Black et al. (1985)
report that Buffalo River sediment extracts induced fish tumors and that Buffalo River brown bullhead
had a high prevalence of neoplasms. Irvine et al. (2005) summarized the most recent histopathological
analyses of Buffalo River fish but only mentioned a high incidence of DELTs (87%) in brown bullhead.7
As described in Section 5.3.5.2, DELTs have subsequently been shown to be non-discriminatory
biomarkers and have been recommended against in establishing BUIs. While DELTs were noted in the
2008 sampling event, they were not histologically verified, and therefore, are not used to evaluate this
BUI. However, it should noted that the incidence of raised skin lesions, the only DELTs evaluated by
Baumann et al. (1996) and Yang (2004), decreased substantially in the ten years since the previous
evaluation.
Previous studies showed a decrease in total liver tumors in response to natural attenuation and
remediation in the Black River (Baumann and Harshbarger 1998, USEPA 2000a). Between 1982 and
1987, natural attenuation was associated with a decrease in liver tumors from 60% to 33%. Following
dredging, the tumor incidence rose again to a high of 64%, but then decreased to 0% in one year (1994),
and rose again in 1998 to 7%, showing variability among years.
Based on 1983 and 1986 data, Black and Baumann (1991) reported a liver neoplasm incidence of 16.6%
in the Buffalo River. This Buffalo River liver neoplasm incidence subsequently rose to 19% in 1988
(Baumann and Harshbarger 1995). Between 1988 and 2008, the incidence of liver neoplasms decreased
to 8.1% (ENVIRON et al. 2009), which is similar to the 1998 incidence in the Black River. In
comparison, the incidence of liver neoplasms in brown bullhead from two reference areas in the Great
Lakes (Baumann et al. 1996) is 5.9% and 5.6%.

5.2.2.3

Reduced PCB Concentrations in Edible Fish

No fish tissues were collected as part of the fall 2008 sampling event. However, PCB concentrations
have been measured in carp from the Buffalo River during the period of 1977 through October 2007
(NYSDEC 1989, Loganathan et al. 1995, NYSDEC 2006, Skinner et al. 2009). These data indicate that
PCB concentrations in carp have been declining over this monitoring period. NYSDEC (1989) reported
PCB concentrations in Buffalo River carp from sampling events that occurred from 1977 to 1984. Mean
PCB concentrations in 1977 were reported to be 4.26 mg/kg carp, in 1980 PCB concentrations ranged
from 0.69 to 0.82 mg/kg, in 1983 PCB concentrations ranged from 3.63 to 14.5 mg/kg, and in 1984 mean
PCB concentration in Buffalo River carp was reported to be 6.67 mg/kg8. In 1995, Loganathan et al.
reported that PCB concentrations in carp fillets ranged from 2.4 to 5 mg/kg. Further, data collected in
October 2007 by Skinner et al. (2009) indicate that the mean PCB concentrations in the edible fillet
portion of carp sampled from the Buffalo River is 1.04 mg/kg (range from 0.22 to 2.7 mg/kg). The mean
and upper end of the range of detected PCB concentrations in the edible portion of carp exceeds the limit
used by NYSDOH for establishing the current AOC-specific fish advisory (1 mg/kg) and slightly exceeds
7

Snyder collected a total of 68 brown bullhead in 2003 and 2004. The length of the fish ranged from 20 to 56 cm with a mean
greater than 30 cm. Since DELT incidences of 100% were reported in the oldest brown bullhead from the Detroit River, this
suggests that DELT incidence, like liver lesion incidence, is also correlated with age.

8

Sample type (fillet vs whole body) was not specific in the indicated reference.
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the FDA limit (2 mg/kg) (NYSDOH 2009). The NYSDOH AOC-specific fish advisory of 1 mg/kg is
intended to be protective of human health.

5.2.3 Long-Term Monitoring Requirements for Remedy Alternative 2
Long-term monitoring of the Buffalo River as part of an MNR remedy would continue examination of
ecological exposures. Furthermore, long-term monitoring focuses on gaining a better understanding of
chemical and biological trends in the river against RAOs and to evaluate changes in conditions that are
used to identify and delist BUIs. Long-term monitoring requirements will be defined in a project specific
long-term monitoring plan during remedy design.
Monitoring in MNR areas would likely include the measurement surface sediment (0–1 ft) chemical
concentrations to confirm that the total PAH RG and the SWAC RGs for Pb, Hg, and total PCBs are
achieved over time, focusing on areas where RGs are not yet achieved. In addition, bathymetric surveys
would be conducted to assess the long-term integrity of the sediment bed. In MNR areas where the top
12 inches of sediment have been scoured, sediment coring and chemical analysis of the surface sediments
will be conducted.
In addition to monitoring for chemical isolation and sediment stability, long-term biological monitoring
of the Buffalo River AOC would include habitat surveys, benthic community surveys, fish community
surveys, the analysis of chemical concentrations in fish, and the analysis for the presence of liver lesions
in brown bullheads. The Long Term Monitoring Plan will further define performance objectives. The
proposed MNR monitoring focuses on gaining a better understanding of chemical and biological trends in
the river against RAOs and evaluating changes in conditions that are used to identify BUIs.

5.3 Remedy Alternative 3: Basic Dredging
Remedy Alternative 3 targets the removal of surface and subsurface sediments in the Buffalo River AOC
with a PAH TU >1, and targets SWAC RGs for total PCBs, Hg, and Pb, and primarily relies on natural
sedimentation processes after dredging to achieve dredge residual performance standards established
during detailed design. Capping is introduced for remediation of the end of the City Ship Canal, beyond
the limits of the authorized navigation channel. The limits of dredging and capping for Remedy
Alternative 3 are shown in Figure 5-1a.

5.3.1 Dredging Remedy Design
Remedy Alternative 3 includes the removal of sediments with total PAH concentrations >1 TU at any
depth and achieves SWAC RGs for PCBs, Pb, and Hg, and capping at the end of the City Ship Canal.
Engineering considerations addressed as part of this remedial alternative include:


Aerial extent and depth of dredging



Dredging methods and dredged material disposal



Aerial extent of capping



Post-dredging natural sedimentation and surface sediment recovery
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Habitat impacts

Extent and Depth of Dredging. Remedy Alternative 3 dredge and cap footprints are defined on the basis
of the PAH TU of 1 at any sediment depth and SWAC RGs for PCBs, Hg, and Pb. The limits of dredging
and capping for Remedy Alternative 3 are shown in Figure 5-1a. The proposed remediation area for
Remedy Alternative 3 is approximately 164 acres, including 138 acres in the Buffalo River and 26 acres
in the City Ship Canal, as provided in Table 5-1b. This acreage includes the proposed cap area at the end
of the City Ship Canal, which is approximately 6.7 acres. For the purposes of this FS, isolated areas
supported by one sample location with surface sediment concentrations greater than 1 TU, are not
included in the remedy footprint, but will be resampled as part of remedy design, as indicated in Figure 51a.
In proposed dredge areas, sediment removal will be delineated to depths where the sediment chemistry is
expected to be compliant with the RGs at the 2-year review period. The estimated in-place sediment
volumes targeted for removal in Remedy Alternative 3 are shown in Table 5-2a, and include 1.57 million
CY from the Buffalo River (this includes 1,010,000 CY from outside the federally-defined navigation
channel boundary and 560,000 CY from within the navigation channel) and 180,000 CY from the City
Ship Canal (this includes 150,000 CY from outside the navigation channel boundary and 30,000 CY from
within the navigation channel). These volume estimates assume removal to shoreline and do not consider
a dredge slope factor. Dredge volume estimates will be revised during remedy design once an updated
understanding of dredge delineation boundaries and shoreline offset requirements are established.
Dredging Methods and Dredged Material Disposal. Both mechanical and hydraulic dredging could be
used to remediate the Buffalo River sediments for Remedy Alternative 3. Physical constraints
(i.e., debris, bulkheads, bridge abutments and piers, or cross-channel utilities) can hinder dredging and
should be evaluated during remedy design.
Best management practices, such as operational controls and specialty equipment, will be used during
dredging operations to reduce potential contaminant release. Careful boat operation and operation during
off-peak flow velocities can also minimize sediment disturbances. The remedy design for the Buffalo
River can establish a systematic dredging approach that targets off-channel areas or high concentration
areas first, followed by dredging of the navigational channel to capture sediment that may get
resuspended and subsequently migrate into the main channel of the river. Due to bidirectional flow of the
Buffalo River, USACE has found the use of silt curtains to be ineffective along the AOC. In addition, silt
curtains greatly slow dredging progress, thus prolonging ecological exposures during dredging. The
exact methods to be used to reduce potential sediment suspension and contaminant release will be
assessed during remedy design.
The presence of a CDF specifically designed for the management and disposal of sediments from the
Buffalo River within 3 to 9 miles of the AOC makes the CDF the most appropriate alternative for the
dewatering/stabilization and disposal of dredged sediments, and barge transport or hydraulic conveyance
the preferred sediment transport alternatives. CDF No. 4 was used as the disposal facility for the dredge
project conducted at Smokes Creek in 2008–2009. Dredged materials would be transported to CDF No. 4
via barge or hydraulic conveyance systems, depending on the dredging method and the transport distance.
Dredged material will be placed in the CDF in a manner that is protective of human health and the
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environment, and material placement will meet applicable and promulgated State water quality standards,
as well as any other applicable Federal/State environmental laws and regulations.
Barging facilities exist at CDF No. 4, although the material off-loading facilities at the CDF may require
some improvements. Barge access and maneuverability would have to be evaluated at the remedy design
phase, but may present unique implementability challenges given boat traffic in most of the Buffalo River
and the presence of eight bridges across the remedial area (Skyway, Michigan Street, Ohio Street, South
Park Avenue, and four railroad bridges). For pipeline systems, potential significant constraints include
the presence of railroads and highways between the AOC and the CDF. These considerations will be
resolved during remedial design.
CDF No. 4 does not accept dredge material that is classified as Toxic Substance Control Act (TSCA)
waste. Only one sample location target for removal in Remedy Alternative 3 has sediment chemical
concentrations that would be classified as TSCA material (total PCB concentration >50 mg/kg). Thus, a
small volume of dredge material (<1,000 CY) is expected to require disposal at a TSCA-approved
disposal facility. The Chemical Waste Management (CWM) facility located in Model City, NY,
approximately 30 miles from the Buffalo River AOC, is closest TSCA-approved facility permitted to
dispose of PCBs. Dredged TSCA material would likely be transported to the CWM facility via truck
from CDF staging area. Management of the TSCA material will be resolved during detailed design.
Debris would need to be removed during dredging, either as dredging is ongoing or as part of a separate
debris removal operation. Within routinely dredged areas, the anticipated distribution of submerged
debris is expected to be relatively small. However, the occurrence of debris is likely to increase in offchannel areas, which may hinder or slow dredging.
Post-dredging Natural Sedimentation and Surface Sediment Recovery. Remedy Alternative 3 primarily
relies on natural sedimentation after dredging to satisfy long-term RAO goals. In some dredge areas, the
placement of a thin layer of material upon the sediment surface may be necessary accelerate natural
recovery processes and further protect the biological active zone. Sediment dredging is often ineffective
at reducing surface sediment concentrations to below target concentrations because of concurrent surface
sediment mixing and dredge residuals deposition (USACE 2008a). Due to dredge residuals, a common
rule of thumb is that the immediate post-dredge surface sediment concentration resembles the average
concentration in the sediment column before dredging (USACE 2008b). Over the last two decades,
natural sedimentation has occurred at a significant rate throughout the study area (USACE 1988), and has
led to measurably decreased surface sediment contaminant concentrations. Surface sediment
concentrations of PAHs and PCBs are below RGs in most areas of the river, and current Hg and Pb levels
do not pose adverse ecological or human health risks; Hg and Pb RGs were established to ensure that the
sediment remedy does not increase long-term exposures and risk. This historical evidence of natural
sedimentation processes and correspondingly reduced surface sediment concentrations lends confidence
to relying on natural sedimentation processes after dredging to meet long-term RAO goals. However, due
to dredge residuals, it should be recognized that the RGs will likely not be achieved for 2 years following
completion of the sediment removal portion of the dredge remedy. During the short term, dredging could
actually increase ecological and human exposures for several years, such as occurred after dredging in the
Black River (ENVIRON et al. 2009).
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5.3.2 Sediment Cap Remedy Design for Remedy Alternative 3
The downstream end of the City Ship Canal is targeted for sediment remediation as part of Remedy
Alternative 3 (Figure 5-1a). This segment of the City Ship Canal (approximately the last 1,800 ft of the
canal) is beyond the downstream boundary of the navigation channel and represents a low energy
environment that is not susceptible to sediment scour from the overlying flow or ice events. A sediment
cap is targeted for this area to isolate underlying sediment contaminants, provide a clean sediment
surface, and provide an appropriate substrate for habitat restoration in this portion of the AOC (see
Section 8). Capping depths and cap materials would be designed to optimize and enhance habitat
restoration plans while providing adequate protection against damage from root penetration. Native
sediments from the Buffalo River that meet State criteria may serve as cap material at the end of the City
Ship Canal. The use of in-stream borrow material for the sediment cap will be further evaluated during
remedial design. Cap placement could be performed by either (a) extending a navigational channel to the
downstream end of the City Ship Canal to allow for barge traffic, which would require the removal of
approximately 50,000 CY; (b) hydraulic means; or (c) in dry conditions using earth moving equipment,
by temporary sheeting and dewatering the proposed cap area and using the adjoining upland areas (e.g.,
sand processing plant along Fuhrmann Boulevard or the upland area at the end of the City Ship Canal) for
material handling.

5.3.3 Short- and Long-Term Monitoring Requirements for Remedy Alternative 3
Remedy Alternative 3 includes short-term confirmation and operation monitoring during remedy
implementation, and long-term monitoring following the completion of the remedy. General short-term
and long-term monitoring components are provided below and detailed monitoring plans will be provided
as part of remedial design. A Confirmation Management Plan will be included as part of the remedial
design and will outline decision criteria for determining what, if any, additional measures may be
warranted to complete remedy implementation. Additional measures may be necessary if the implemented
remedy does not meet design specifications or if post-remedy sediment chemistry is not expected to
achieve compliance with the RGs at the 2-year review period.
Short-Term Monitoring. Confirmation monitoring will be conducted while remedy implementation is in
progress to ensure the selected implementation methods are meeting design specifications. Dredge
confirmation monitoring typically includes the use of real-time kinematic differential global positioning
system (DGPS) linked to real-time monitoring software, which is integrated in the sediment removal
equipment, to verify the area and depth of sediment removed in dredge areas. In addition to the DGPS
and real-time monitoring software, bathymetric surveys will be conducted following the completion of the
dredge remedy to ensure sediment was removed according to dredge design specifications. Post dredge
confirmation bathymetric surveys may be coordinated with the annual bathymetric surveys routinely
conducted by USACE. Bathymetric surveys will also be conducted in cap areas to ensure cap depth and
surface coverage meets cap design specifications. In the event that confirmation monitoring demonstrates
the remedy was not implemented per remedy design specifications, the Confirmation Management Plan
will outline the decision criteria for determining what, if any, additional measures are warranted.
Surface sediment chemical concentrations would also be measured in dredge and cap areas immediately
following remedy implementation. In proposed dredge areas sediment will be removed to depths where
sediment chemistry is expected to result in the long-term compliance with the total PAH and SWAC RGs
at the 2-year review period. If surface sediment concentrations immediately following remedy
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implementation are not expected to achieve RG compliance at the 2-year review period, the Confirmation
Management Plan will outline additional measures that may be implemented to further ensure RG
compliance in 2 years. Additional remedial measures may include additional dredging, the placement of
backfill material, or reliance on ongoing natural sedimentation processes.
Operational monitoring will also be conducted during remedy implementation to ensure the water and air
quality criteria outlined in the federal and state permits secured for the project are not exceeded. In the
event these criteria are exceeded during remedy implementation, the remedial design will outline the
decision criteria for determining whether remedy construction should be temporarily stopped or if
alternative implementation methods should be employed.
Long-Term Monitoring. Long-term monitoring of the Buffalo River would confirm the continuation of
natural processes that reduce risk and ecological exposures. Furthermore, long-term monitoring focuses
on gaining a better understanding of chemical and biological trends in the river against RAOs and to
evaluate changes in conditions that are used to identify and delist BUIs. The SRIR (ENVIRON et al.
2009) characterizes the current physical, chemical and biological conditions of the Buffalo River AOC
through the evaluation of recent sediment investigations and historical information. This characterization,
along with any additional data collected from the Buffalo River AOC prior to remedy implementation,
can serve as a baseline conditions for the Buffalo River AOC, to which post-remediation data collected
during long-term monitoring can be compared. An evaluation of post-remedy conditions against baseline
conditions will demonstrate any changes in the physical, chemical and biological conditions as they relate
to RAOs and the delisting BUIs.
At Year 2 following the completion of the remedy, surface sediment (0–1 ft) chemical concentrations will
be measured to confirm that the total PAH RG and the SWAC RGs for Pb, Hg, and total PCBs were
achieved. As outlined in Section 3, SWAC RGs are based on 1/3-mile segments of the river. If the RGs
have not been achieved at the 2-year review period, additional remedial measures may be implemented.
The following three decision alternatives have been established to provide flexibility in response to
results obtained from Year 2 surface sediment sampling and analytical results:


Case 1: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs have been achieved at
the two-year monitoring period – No further action is required.



Case 2: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs are not achieved at
the two-year monitoring period, but evidence indicates progress toward the site-specific RGs –
Monitoring may be continued through Year 5 in areas where progress toward the RGs has occurred,
particularly in areas that demonstrate natural ongoing processes have led to a decrease in surface
sediment concentrations as compared to concentrations measured immediately following remedy
implementation.



Case 3: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs are not achieved at
the two-year monitoring period, and monitoring results suggest unacceptably slow progress toward
meeting RGs – Additional dredging or the placement of clean material may be employed to achieve
compliance with RGs, particularly in areas that do not demonstrate an acceptable decrease in surface
sediment concentration as compared to concentrations measured immediately following remedy
implementation, assuming that the lack of progress observed is not attributable to an ongoing source.
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In areas where the RGs are not achieved at Year 2 and additional remedial measures are implemented,
monitoring will be conducted at Year 5 to confirm compliance with the RGs.
At Year 2, long-term monitoring of capped areas will include one or more of the following metrics:
bathymetric or visual surveys to evaluate cap integrity, and/or surface sediment chemical concentrations
in the cap to evaluate sediment deposition and recontamination potential.
Long-term biological monitoring of the Buffalo River AOC will be conducted at Years 1 and 5 following
the remedy implementation. Biological monitoring will include one or more of the following metrics:
benthic community surveys, fish community surveys, the analysis of chemical concentrations in fish, and
the analysis for the presence of liver lesions in brown bullheads. Biological monitoring and sampling
locations will be established during remedial design and, to the extent practicable, will correspond to
areas monitored during previous biological studies conducted in the Buffalo River (ENVIRON et al.
2009, Irvine et al. 2005). This information is will be used to evaluate changes in conditions that used to
identify and delist BUIs.

5.4 Remedy Alternative 4: Protectiveness Dredging
Remedy Alternative 4 targets the removal of all sediments from areas with surface sediment (0 – 1 ft)
total PAH concentrations >1 TU, achieves SWAC RGs for PCBs, Hg, and Pb, and primarily relies on
natural sedimentation processes after dredging to achieve dredge residual performance standards
established during detailed design. Capping is introduced for remediation of the end of the City Ship
Canal, beyond the limits of the authorized navigation channel.
Surface sediments are defined as sediment depths beginning at the sediment-water interface and extending
1 foot below the sediment surface (i.e., 0 – 1 ft depth) to calculate SWAC metrics. In areas targeted for
dredging sediment removal will be delineated to a depth where the sediment chemistry is expected to be
compliant with the RGs at the 2-year review period. The performance criteria for achieving this goal will
be resolved during detailed design. The limits of dredging and capping for Remedy Alternative 4 are
shown in Figure 5-1b.

5.4.1 Dredging Remedy Design for Remedy Alternative 4
Remedy Alternative 4 includes the removal of sediments in areas with surface sediment total PAH
concentrations >1 TU. As with Remedy Alternative 3, the removal areas targeted for Remedy Alternative
4 target RG SWACs for PCBs, Pb, and Hg. Remedy Alternative 4 relies on natural sedimentation after
dredging to meet RG SWACs associated with PCBs, Pb, and Hg. Engineering considerations addressed
as part of this remedial alternative include:


Aerial extent and depth of dredging



Dredging methods and dredged material disposal



Aerial extent of capping



Post-dredging natural sedimentation and surface sediment recovery



Habitat impacts
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Extent and Depth of Dredging. Dredging areas and depths are defined on the basis of the PAH TU of 1
and SWAC RGs for PCBs, Hg, and Pb in surface sediments. The limits of dredging and capping for
Remedy Alternative 4 are shown in Figure 5-1b. The proposed plan area for Remedy Alternative 4 is
approximately 56 acres, including 41 acres in the Buffalo River and 15 acres in the City Ship Canal, as
provided in Table 5-1c. This acreage includes the proposed cap area at the end of the City Ship Canal,
which is approximately 6.7 acres.
Most areas targeted for sediment removal are located between RM 3.6 and RM 5.2 and from within the
City Ship Canal, with some additional areas located just downstream of RM 3.5. For the purposes of this
FS, isolated areas supported by one sample location with surface sediment concentrations greater than
1 TU, or areas with insufficient sediment chemistry data are not included in the remedy footprint, but will
be resampled as part of remedy design. These areas are designated in green in Figure 5-1b.
In proposed dredge areas, sediment removal will be delineated to depths where the sediment chemistry is
expected to be compliant with the RGs at the 2-year review period. The estimated in-place sediment
volumes targeted for removal in Remedy Alternative 4 are shown in Table 5-2b, and include 560,000 CY
from the Buffalo River (this includes 420,000 CY from outside the federally-defined navigation channel
boundary and 140,000 CY from within the navigation channel) and 80,000 CY from the City Ship Canal
(this includes 60,000 CY from outside the navigation channel and 20,000 CY from within the navigation
channel).
Dredging Methods and Dredged Material Disposal. Both mechanical and hydraulic dredging could be
used to remediate the Buffalo River sediments for Remedy Alternative 4. Physical constraints
(i.e., bulkheads, bridge abutments and piers, or cross-channel utilities) can hinder dredging and must be
evaluated during remedy design.
As with Remedy Alternative 3, best management practices, such as operational controls and specialty
equipment, will be utilized during dredging operations to reduce potential contaminant release. Careful
boat operation and operation during off-peak flow velocities can also minimize sediment disturbances.
The remedy design for the Buffalo River can establish a systematic dredging approach that targets offchannel areas or high concentration areas first, followed by dredging of the navigational channel to
capture sediment that may get resuspended and subsequently migrate into the main channel of the river.
Due to bidirectional flow of the Buffalo River, USACE has found the use of silt curtains to be ineffective
along the AOC. The exact methods to be used to reduce potential sediment suspension and contaminant
release will be assessed during remedy design.
As with Remedy Alternative 3, the presence of a CDF specifically designed for the management and
disposal of sediments from the Buffalo River within 3 to 9 miles of the AOC makes the CDF the most
appropriate alternative for the dewatering/stabilization and disposal of dredged sediments and barge
transport or hydraulic conveyance the preferred sediment transport alternatives. CDF No. 4 was used as
the disposal facility for the dredge project conducted at Smokes Creek in 2008–2009. Dredged materials
would be transported to CDF No. 4 via barge or hydraulic conveyance systems, depending on the
dredging method and the transport distance. Dredged material will be placed in the CDF in a manner that
is protective of human health and the environment, and material placement will meet applicable and
promulgated State water quality standards, as well as any other applicable Federal/State environmental
laws and regulations.
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Barging facilities exist at CDF No. 4, although the material off-loading facilities at the CDF may require
some improvements. Barge access and maneuverability would have to be evaluated at the remedy design
phase, but may present unique implementability challenges given boat traffic in most of the Buffalo River
and the presence of eight bridges across the remedial area (Skyway, Michigan Street, Ohio Street, South
Park Avenue, and four railroad bridges). For pipeline systems, potential significant constraints include
the presence of railroads and highways between the AOC and the CDF. These considerations will be
resolved during remedial design.
Debris would need to be removed during dredging, either as dredging is ongoing or as part of a separate
debris removal operation. Within routinely dredged areas, the anticipated distribution of submerged
debris is expected to be relatively small. However, the occurrence of debris is likely to increase in offchannel areas, which may hinder or slow dredging.
Post-dredging Natural Sedimentation and Surface Sediment Recovery. Remedy Alternative 4 relies on
natural sedimentation after dredging to satisfy long-term RAO goals. Sediment dredging is often
ineffective at reducing surface sediment concentrations to below target concentrations because of
concurrent surface sediment mixing and dredge residuals deposition (USACE 2008b). Over the last two
decades, natural sedimentation has occurred at a significant rate throughout the study area (USACE
1988), and has led to measurably decreased surface sediment contaminant concentrations. A technical
memorandum on sedimentation in the Buffalo River and long-term sediment stability is provided in
Appendix C, which reports a generally high rate of sedimentation occurs throughout the river, and postdredging rates of sedimentation vary from 0.2 – 0.4 ft/year depending on the reach of the river.
Deposition will tend to be greater in areas that have been recently dredged, have lower velocities, and
lower bottom shear stresses. In some dredge areas, the placement of a layer of material upon the sediment
surface may be necessary to accelerate natural recovery processes and further protect the biological active
zone. Surface sediment concentrations of the four primary indicator chemicals (PAHs, PCBs, Pb, and
Hg) are below RGs in most areas of the river. This historical evidence of natural sedimentation processes
and correspondingly reduced surface sediment concentrations lends confidence to relying on natural
sedimentation processes after dredging to meet long-term RAO goals. However, due to dredge residuals,
it should be recognized that the RGs will likely not be achieved for 2 years following implementation of
the dredge remedy. During the short term, dredging could actually increase ecological and human
exposures, such as occurred after dredging in the Black River (ENVIRON et al. 2009).

5.4.2 Sediment Cap Remedy Design for Remedy Alternative 4
The downstream end of the City Ship Canal is target for sediment remediation as part of Remedy
Alternative 4 (Figure 5-1b). This segment of the City Ship Canal (approximately the last 1,800 ft of the
canal) is beyond the downstream boundary of the navigation channel and represents a low energy
environment that is not susceptible to sediment scour from the overlying flow or ice events. A sediment
cap is targeted for this area to isolate underlying sediment contaminants, provide a clean sediment
surface, and provide an appropriate substrate for habitat restoration in this portion of the AOC (see
Section 8). Capping depths and cap materials would be designed to optimize and enhance habitat
restoration plans while providing adequate protection against damage from root penetration. Native
sediments from the Buffalo River may serve as cap material at the end of the City Ship Canal. The use of
in-stream borrow material for the sediment cap will be further evaluated during Remedial Design. Cap
placement could be performed by either (a) extending a navigational channel to the downstream end of
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the City Ship Canal to allow for barge traffic, which would require the removal of approximately 50,000
CY; (b) hydraulic means; or (c) in dry conditions using earth moving equipment, by temporary sheeting
and dewatering the proposed cap area and using the adjoining upland areas (e.g., sand processing plant
along Fuhrmann Boulevard or the upland area at the end of the City Ship Canal) for material handling.

5.4.3 Short- and Long-Term Monitoring Requirements for Remedy Alternative 4
Remedy Alternative 4 includes short-term confirmation and operation monitoring during remedy
implementation, and long-term monitoring following the completion of the remedy. General short-term
and long-term monitoring components are provided below and detailed monitoring plans will be provided
as part of remedial design. A Confirmation Management Plan will be included as part of the remedial
design and will outline decision criteria for determining what, if any, additional remedial measures may
be warranted to complete remedy implementation. Additional measures may be necessary if the remedy
was not implemented per design specifications or if post-remedy sediment chemistry is not expected to
achieve compliance with the RGs at the 2-year review period.
Short-Term Monitoring. Confirmation monitoring will be conducted while remedy implementation is in
progress to ensure the selected implementation methods are meeting design specifications. Dredge
confirmation monitoring typically includes the use of real-time kinematic differential global positioning
system (DGPS) linked to real-time monitoring software, which is integrated in the sediment removal
equipment, to verify the area and depth of sediment removed in dredge areas. In addition to the DGPS
and real-time monitoring software, bathymetric surveys will be conducted following the completion of the
dredge remedy to ensure sediment was removed according to dredge design specifications. Post dredge
confirmation bathymetric surveys may be coordinated with the annual bathymetric surveys routinely
conducted by USACE. Bathymetric surveys will also be conducted in cap areas to ensure cap depth and
surface coverage meets cap design specifications. In the event that confirmation monitoring demonstrates
the remedy was not implemented per remedy design specifications, the Confirmation Management Plan
will outline the decision criteria for determining what, if any, additional measures are warranted.
Surface sediment chemical concentrations would also be measured in dredge and cap areas immediately
following remedy implementation. In proposed dredge areas, sediment will be removed to depths where
sediment chemistry is expected to result in the long-term compliance with the total PAH and SWAC RGs
at the 2-year review period. If surface sediment concentrations immediately following remedy
implementation are not expected to achieve RG compliance at the 2-year review period, the Confirmation
Management Plan will outline additional measures that may be implemented to further ensure RG
compliance in 2 years. Additional remedial measures may include additional dredging, the placement of
backfill material, or reliance on ongoing natural sedimentation processes.
Operational monitoring will also be conducted during remedy implementation to ensure the water and air
quality criteria outlined in the federal and state permits secured for the project are not exceeded. In the
event these criteria are exceeded during remedy implementation, the remedial design will outline the
decision criteria for determining whether remedy construction should be temporarily stopped or if
alternative implementation methods should be employed.
Long-Term Monitoring. Long-term monitoring of the Buffalo River would confirm the continuation of
natural processes that reduce risk and ecological exposures. Furthermore, long-term monitoring focuses
on gaining a better understanding of chemical and biological trends in the river against RAOs and to
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evaluate changes in conditions that are used to identify and delist BUIs. The SRIR (ENVIRON et al.
2009) characterizes the current physical, chemical and biological conditions of the Buffalo River AOC
through the evaluation of recent sediment investigations and historical information. This characterization,
along with any additional data collected from the Buffalo River AOC prior to remedy implementation,
can serve as baseline conditions for the Buffalo River AOC, to which post-remediation data collected
during long-term monitoring can be compared. An evaluation of post-remedy conditions against baseline
conditions will demonstrate any changes in the physical, chemical and biological conditions as they relate
to RAOs and the delisting BUIs.
At Year 2 following the completion of the remedy, surface sediment (0–1 ft) chemical concentrations will
be measured to confirm that the total PAH RG and the SWAC RGs for Pb, Hg, and total PCBs were
achieved. As outlined in Section 3, SWAC RGs are based on 1/3-mile segments of the river. If the RGs
have not been achieved at the 2-year review period, additional remedial measures may be implemented.
The following three decision alternatives have been established to provide flexibility in response to
results obtained from Year 2 surface sediment sampling and analytical results:


Case 1: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs have been achieved at
the two-year monitoring period – No further action is required.



Case 2: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs are not achieved at
the two-year monitoring period, but evidence indicates progress toward the site-specific RGs –
Monitoring may be continued through Year 5 in areas where progress toward the RGs has occurred,
particularly in areas that demonstrate natural ongoing processes have led to a decrease in surface
sediment concentrations as compared to concentrations measured immediately following remedy
implementation.



Case 3: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs are not achieved at
the two-year monitoring period, and monitoring results suggest unacceptably slow progress toward
meeting RGs – Additional dredging or the placement of clean material may be employed to achieve
compliance with RGs, particularly in areas that do not demonstrate an acceptable decrease in surface
sediment concentration as compared to concentrations measured immediately following remedy
implementation, assuming that the lack of progress observed is not attributable to an ongoing source.
In areas where the RGs are not achieved at Year 2 and additional remedial measures are implemented,
monitoring will be conducted at Year 5 to confirm compliance with the RGs.

At Year 2, long-term monitoring of capped areas will include one or more of the following metrics:
bathymetric or visual surveys to evaluate cap integrity, and/or surface sediment chemical concentrations
in the cap to evaluate sediment deposition and recontamination potential.
Long-term biological monitoring of the Buffalo River AOC will be conducted at Years 1 and 5 following
the remedy implementation. Biological monitoring will include one or more of the following metrics:
benthic community surveys, fish community surveys, the analysis of chemical concentrations in fish, and
the analysis for the presence of liver lesions in brown bullheads. Biological monitoring and sampling
locations will be established during remedial design and, to the extent practicable, will correspond to
areas monitored during previous biological studies conducted in the Buffalo River (ENVIRON et al.
2009, Irvine et al. 2005). This information is will be used to evaluate changes in conditions that used to
identify and delist BUIs.
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5.5 Remedy Alternative 5: Enhanced Protectiveness Dredging
Remedy Alternative 5 provides for additional sediment removal beyond Remedy Alternative 4, by
targeting the removal of subsurface sediments (0-4 ft deep) that exceed specific chemistry criteria and
targets the removal of sediments associated with oil and grease. Similar to Remedy Alternative 4, Remedy
Alternative 5 also targets the removal of all sediments from areas with surface sediment (0 - 1 ft) total
PAH concentrations >1 TU, and achieves SWAC RGs for PCBs, Hg, and Pb, and primarily relies on
natural sedimentation processes after dredging to achieve dredge residual performance standards
established during detailed design. Capping is introduced for remediation of the end of the City Ship
Canal, beyond the limits of the authorized navigation channel. By achieving the point concentration RG
for total PAHs and SWAC RGs for PCBs, Hg, and Pb, Remedy Alternative 4 was developed to address
ecological and human health risks associated with elevated surface sediment chemical concentrations. To
further reduce ecological and human health risks, members of the GLLA PCT collaborated to develop
additional guidelines for sediment chemistry at depths of 0-4 ft, areas associated with oil and grease, areas
of elevated erosion potential, public access areas, and high ship-traffic areas. These guidelines were
applied to Remedy Alternative 4 for the development of Remedy Alternative 5.


Sediment Chemistry Guidelines: The Sediment Chemistry Guidelines are provided in
Appendix D1. In summary, in addition to being protective of all sediments from areas with surface
sediment (0 – 1 ft) total PAH concentrations >1 TU, and achieving the risk-based SWAC RGs for
PCBs, Hg, and Pb, Remedy Alternative 5 provides additional risk reduction by targeting the removal
of surface and subsurface sediments that exceed the following point sediment chemistry
concentrations:
Sediment depth of 0–2 ft
○

Total PAHs, 2 TU (32 mg/kg)

○

Pb, 400 mg/kg

○

Hg, 3 mg/kg

○

Total PCBs, 3 mg/kg9

Sediment depth of 2–4 ft



○

Total PAHs, 5 TU (80 mg/kg)

○

Pb, 800 mg/kg

○

Hg, 6 mg/kg

○

Total PCBs, 6 mg/kg

Oil and Grease: Remedy Alternative 5 targets the removal of areas that are associated with the
presence of elevated levels of oil and grease. The following features were considered in identifying
sediments that may be associated with oil and grease: 1) chemical and petroleum odors, 2) sediment
staining, 3) the presence of sheen, and 4) photoionization device (PID) readings greater than 50 parts
per million (ppm). Sediment cores collected from the 2005, 2007, and 2008 sediment investigations
that were identified as containing at least three of these features are targeted for removal in Remedy
Alternative 5. These sediment cores are listed in Appendix D2.

9

This is based on an average PCB concentrations driving remediation at 19 sediment sites across the US, where target PCB
concentrations driving remediation were below TSCA levels. The average concentration was 3 ppm ± 4 ppm
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Potential Sediment Scour Areas: An evaluation of surface sediment concentrations, assuming a net
scour depth of 1 ft in the potential scour areas, was conducted to assess the potential exposure of
elevated chemical concentrations following a scour event. Areas of potential sediment scour during a
high flow event are identified in the Technical Memorandum, Buffalo River Sedimentation and LongTerm Sediment Stability in Appendix C. Under post Remedy Alternative 5 conditions, Pb, Hg, and
total PCB SWACs are not expected to exceed the RGs in the AOC following a scour event, and only
few surface locations indicated the potential minor exceedances of the PAH RG of 1 TU. The
specific results of this analysis are provided in Appendix D3. Most potential scour areas that may
expose PAH concentrations greater than 1 TU following a high flow event are currently targeted for
resampling as part of Remedy Alternative 5, as discussed in Section 5.5.1.



Public Access Areas: Recreational and conservation areas frequently used by the public were
identified by BNR, and are shown in Appendix D4. A human health risk evaluation was conducted
for these public access areas, and the results of the human health evaluation are presented in
Appendix B. In summary, the cumulative cancer risk and the noncancer hazard index (HI) estimates
using maximum sediment concentrations in public access areas meet the USEPA cancer risk and HI
limits of 10-4 and 1, respectively, under current conditions, and are below 10-6 and 1 under post
Remedy Alternative 5 conditions. Extra precautions were undertaken to ensure low risks in areas
identified as recreational and prone to frequent public use.



Ship Traffic Areas: Commercial and freighter traffic may cause sediment resuspension and the
exposure of buried sediments, particularly if the vessels make physical contact with the sediment
surface. BNR identified two areas in the Buffalo River AOC where sediments have historically been
disturbed as a result of ship and commercial traffic. These areas are Kelly Island, which is located at
the confluence of the City Ship Canal and the Buffalo River, and the area under the railroad bridge
just upstream of RM 4.0. Both of these areas are targeted for remediation in Remedy Alternative 5 per
the Sediment Chemistry Guidelines and Oil and Grease Guidelines. No additional areas were
identified as prone to elevated ship traffic that could disrupt post-Remedy Alternative 5 residual
sediments.



River Mile 4.6 Assessment: In 1997, during construction of a cap and a slurry wall around the
perimeter of a peninsula of land formerly owned by the Buffalo Color Corporation, contaminated
material was identified in the Buffalo River, on a localized area of the western side of the peninsula at
RM 4.6. The peninsula has been identified as Area D by the NYSDEC. The majority of the
contaminated sediment deposit was removed and placed within the confines of the cap/slurry wall on
Area D proper, but a portion of this material could not be removed from the river without potentially
jeopardizing the stability of the slurry wall (Parsons 2003). The remaining contaminated sediment
material in the river was capped with a geotextile layer, sand, and a surface layer of shot rock and rip
rap. The cap has been in place for approximately 12 years.
The PCT has considered the potential for this material to negatively impact the river. Although the
sediment chemical concentrations in two sediment cores collected in 2005 from the vicinity of the
Area D peninsula (cores 702+50-R and 705+00-R) met both the site-specific RGs and the sediment
chemistry guidelines developed for this FS, additional assessment is required.
A focused feasibility study will be conducted for this specific area at RM 4.6. The focused feasibility
study will be conducted independent of this FS but the results will be incorporated into the Buffalo
River remedy design.
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The focused feasibility study for the underlying sediment deposit off of Area D will include the
following considerations:
○

The overall goal of the focused feasibility study is to determine whether additional remediation of
the sediment deposit is necessary and warranted, and if necessary, how best to integrate additional
remediation measures into the selected remedy for the river. Additional remediation measures
that will be evaluated may include: leaving the cap in place and monitoring ongoing natural
recovery processes (i.e., clean sediment deposition on top of the cap) over time; augmenting the
cap; or removing the cap, cap armoring, and geotextile containment, followed by removal of the
underlying deposit. Some remedy alternatives may require structural support for the bank
material along the Area D peninsula, to protect the existing upland remedy.

○

As part of the remedy assessment process, and consistent with NYSDEC Division of Fish,
Wildlife and Marine Resources Technical Guidance for Screening Contaminated Sediments
(NYSDEC 1999), the various remedy alternatives will be compared using such criteria as their
effectiveness regarding short and long-term risk reduction, remedy implementability, and the
risks associated with remedy implementation. Parameters for this analysis are expected to include
documentation of existing conditions and changes to those conditions over the past 12 years,
assessment of existing hydrologic and geotechnical conditions of the river and adjacent upland
soils, and an assessment of existing habitat in the vicinity of the capped area. The analysis will
examine the potential impact of any remedial action on the continued performance of the slurry
wall around Area D. The risks to the slurry wall, from cracking to catastrophic failure, will be
evaluated based on the geotechnical properties of the surrounding and underlying soils, the
anticipated change in loadings from remedial action, and the feasibility of successfully addressing
identified risks during construction.

○

A sampling plan will be developed that identifies the number of sediment cores, the appropriate
sample depths, and chemical constituents. Chemical constituents will be consistent with the
range of chemicals originally considered to have contributed to sediment contamination beneath
the cap and will consider the range of chemicals identified in the 1991 Record of Decision for the
Buffalo Color Area D site. The derivation of sediment quality criteria will be consistent with
NYSDEC’s Technical Guidance for Screening Contaminated Sediments (NYSDEC 1999).

In addition to these guidelines, the quality and area of habitat that would be impacted by Remedy
Alternative 5 was evaluated. The results of this evaluation, and the mitigation and restoration measures
proposed for the habitat areas likely to be disturbed by Remedy Alternative 5 are presented in Section 8,
Habitat Restoration.

5.5.1 Dredging Remedy Design
Remedy Alternative 5 targets the removal of all sediments from areas with surface sediment (0 – 1 ft)
total PAH concentrations >1 TU, achieves SWAC RGs for PCBs, Hg, and Pb, targets the removal of all
sediments with elevated point concentrations of total PAHs, total PCBs, Hg and Pb at depths of 0 – 4 ft, .
Engineering considerations addressed as part of this remedial alternative include:


Aerial extent and depth of dredging



Dredging methods and dredged material disposal



Post-dredging natural sedimentation and surface sediment recovery
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Habitat impacts and habitat recovery time

Extent and Depth of Dredging. Dredging areas are defined on the basis of the PAH TU of 1 and SWACs
for PCBs, Hg, and Pb in surface sediments, and elevated point concentrations of total PAHs, total PCBs,
Hg, and Pb at depths of 0 – 4 ft. For this remedy, surface sediments are defined as sediment depths
beginning at the sediment / water interface and extending 1 foot below the sediment surface (i.e., 0 – 1 ft
depth).
The limits of dredging for Remedy Alternative 5 are shown in Figure 5-1c. The proposed plan area for
Remedy Alternative 5 is approximately 76 acres, including 57 acres in the Buffalo River and 19 acres in
the City Ship Canal, as provided in Table 5-1d. This acreage includes the proposed cap area at the end of
the City Ship Canal, which is approximately 6.7 acres.
The majority of sediments targeted for removal are located within the City Ship Canal and between
RM 2.75 and RM 5.5 of the AOC. For the purposes of this FS, isolated areas supported by one sample
location with surface sediment concentrations greater than 1 TU, or areas with insufficient sediment
chemistry data are not included in the remedy footprint, but will be resampled as part of remedy design.
These areas are designated in green in Figure 5-1c.
In proposed dredge areas, sediment removal will be delineated to depths where sediment the chemistry is
expected to be compliant with the RGs at the 2-year review period. The estimated in-place sediment
volumes targeted for removal in Remedy Alternative 5 are shown in Table 5-2c, and include 720,000 CY
from the Buffalo River (this includes 530,000 CY from outside the federally-defined navigation channel
boundary and 190,000 CY from within the navigation channel) and 100,000 CY from the City Ship Canal
(this includes 80,000 CY from outside the navigation channel and 20,000 CY from within the navigation
channel). The volume of sediment targeted for removal in Remedy Alternative 5 is approximately 28%
greater than the volume targeted in Remedy Alternative 4.
Dredging Methods and Dredged Material Disposal. Both mechanical and hydraulic dredging could be
used to remediate the Buffalo River sediments for Remedy Alternative 5. Physical constraints
(i.e., bulkheads, bridge abutments and piers, or cross-channel utilities) can hinder dredging and must be
evaluated during remedy design.
As with Remedy Alternatives 3 and 4, best management practices, such as operational controls and
specialty equipment, will be used during dredging operations to reduce potential contaminant release.
Careful boat operation and operation during off-peak flow velocities can also minimize sediment
disturbances. The remedy design for the Buffalo River can establish a systematic dredging approach that
targets off-channel areas or high concentration areas first, followed by dredging of the navigational
channel to capture sediment that may get resuspended and subsequently migrate into the main channel of
the river. Due to bidirectional flow of the Buffalo River, USACE has found the use of silt curtains to be
ineffective along the AOC. The exact methods to be used to reduce potential sediment suspension and
contaminant release will be assessed during remedy design.
As with Remedy Alternatives 3 and 4, the presence of a CDF specifically designed for the management
and disposal of sediments from the Buffalo River within 3 to 9 miles of the AOC makes the CDF the most
appropriate alternative for the dewatering/stabilization and disposal of dredged sediments and barge
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transport or hydraulic conveyance the preferred sediment transport alternatives. CDF No. 4 was used as
the disposal facility for the dredge project conducted at Smokes Creek in 2008–2009. Dredged materials
would be transported to CDF No. 4 via barge or hydraulic conveyance systems, depending on the
dredging method and the transport distance. Dredged material will be placed in the CDF in a manner that
is protective of human health and the environment, and material placement will meet applicable and
promulgated State water quality standards, as well as any other applicable Federal/State environmental
laws and regulations.
Barging facilities exist at CDF No. 4, although the material off-loading facilities at the CDF may require
some improvements. Barge access and maneuverability would have to be evaluated at the remedy design
phase, but may present unique implementability challenges given boat traffic in most of the Buffalo River
and the presence of eight bridges across the remedial area (Skyway, Michigan Street, Ohio Street, South
Park Avenue, and four railroad bridges). For pipeline systems, potential significant constraints include
the presence of railroads and highways between the AOC and the CDF. These considerations will be
resolved during remedial design.
CDF No. 4 does not accept dredge material that is classified as TSCA waste. Only one sample location
target for removal in Remedy Alternative 5 has sediment chemical concentrations that would be classified
as TSCA material (total PCB concentration >50 mg/kg). Thus, a small volume of dredge material
(<1,000 CY) is expected to require disposal at a TSCA-approved disposal facility. The Chemical Waste
Management (CWM) facility located in Model City, NY, approximately 30 miles from the Buffalo River
AOC, is closest TSCA-approved facility permitted to dispose of PCBs. Dredged TSCA material would
likely be transported to the CWM facility via truck from the CDF staging area.
Debris would need to be removed during dredging, either as dredging is ongoing or as part of a separate
debris removal operation. Within routinely dredged areas, the anticipated distribution of submerged
debris is expected to be relatively small. However, the occurrence of debris is likely to increase in offchannel areas, which may hinder or slow dredging.
Post-dredging Natural Sedimentation and Surface Sediment Recovery. Remedy Alternative 5 primarily
relies on natural sedimentation after dredging to meet long-term RAO goals. In some dredge areas, the
placement of a layer of material upon the sediment surface may be necessary accelerate natural recovery
processes and further protect the biological active zone. Sediment dredging can be ineffective at reducing
surface sediment concentrations to below target concentrations because of concurrent surface sediment
mixing and dredge residuals deposition (USACE 2008b). Over the last two decades, natural
sedimentation has occurred at a significant rate throughout the study area (USACE 1988), and has led to
measurably decreased surface sediment contaminant concentrations. Surface sediment concentrations of
PAHs and PCBs are below RGs in most areas of the river, and current Hg and Pb levels do not pose
adverse ecological or human health risks; Hg and Pb RGs were established to ensure that the sediment
remedy not increase long-term exposures and risk. This historical evidence of natural sedimentation
processes and correspondingly reduced surface sediment concentrations lends confidence to relying on
natural sedimentation processes after dredging to meet long-term RAO goals. However, due to dredge
residuals, it should be recognized that the RGs will likely not be achieved for 2 years following
implementation of the dredge remedy. During the short term, dredging could actually increase ecological
and human exposures for several years, such as occurred after dredging in the Black River (ENVIRON
et al. 2009).
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5.5.2 Sediment Cap Remedy Design for Remedy Alternative 5
The downstream end of the City Ship Canal is target for sediment remediation as part of Remedy
Alternative 3 (Figure 5-1c). This segment of the City Ship Canal (approximately the last 1,800 ft of the
canal) is beyond the downstream boundary of the navigation channel and represents a low energy
environment that is not susceptible to sediment scour from the overlying flow or ice events. A sediment
cap is targeted for this area to isolate underlying sediment contaminants, provide a clean sediment
surface, and provide an appropriate substrate for habitat restoration in this portion of the AOC (see
Section 8). Capping depths and cap materials would be designed to optimize and enhance habitat
restoration plans while providing adequate protection against damage from root penetration. Native
sediments from the Buffalo River may serve as cap material at the end of the City Ship Canal. The use of
in-stream borrow material for the sediment cap will be further evaluated during Remedial Design. Cap
placement could be performed by either (a) extending a navigational channel to the downstream end of
the City Ship Canal to allow for barge traffic, which would require the removal of approximately 50,000
CY; (b) hydraulic means; or (c) in dry conditions using earth moving equipment, by temporary sheeting
and dewatering the proposed cap area and using the adjoining upland areas (e.g., sand processing plant
along Fuhrmann Boulevard or the upland area at the end of the City Ship Canal) for material handling.

5.5.3 Short- and Long-Term Monitoring Requirements for Remedy Alternative 5
Remedy Alternative 5 includes short-term confirmation and operation monitoring during remedy
implementation, and long-term monitoring following the completion of the remedy. General short-term
and long-term monitoring components are provided below and detailed monitoring plans will be provided
as part of remedial design. A Confirmation Management Plan will also be included as part of the remedial
design and will outline decision criteria for determining what, if any, additional remedial measures may
be warranted immediately following remedy implementation. Additional measures may be necessary if
the remedy was not implemented per design specifications or if post-remedy sediment chemistry is not
expected to achieve compliance with the RGs at the 2-year review period.
Short-Term Monitoring. Confirmation monitoring will be conducted while remedy implementation is in
progress to ensure the selected implementation methods are meeting design specifications. Dredge
confirmation monitoring typically includes the use of real-time kinematic differential global positioning
system (DGPS) linked to real-time monitoring software, which is integrated in the sediment removal
equipment, to verify the area and depth of sediment removed in dredge areas. In addition to the DGPS
and real-time monitoring software, bathymetric surveys will be conducted following the completion of the
dredge remedy to ensure sediment was removed according to dredge design specifications. Post dredge
confirmation bathymetric surveys may be coordinated with the annual bathymetric surveys routinely
conducted by USACE. Bathymetric surveys will also be conducted in cap areas to ensure cap depth and
surface coverage meets cap design specifications. In the event that confirmation monitoring demonstrates
the remedy was not implemented per remedy design specifications, the Confirmation Management Plan
will outline the decision criteria for determining what, if any, additional measures are warranted.
Surface sediment chemical concentrations would also be measured in dredge and cap areas immediately
following remedy implementation. In proposed dredge areas sediment will be removed to depths where
sediment chemistry is expected to result in the long-term compliance with the total PAH and SWAC RGs
at the 2-year review period. If surface sediment concentrations immediately following remedy
implementation are not expected to achieve RG compliance at the 2-year review period, the Confirmation
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Management Plan will outline additional measures that may be implemented to further ensure RG
compliance in 2 years. Additional remedial measures may include additional dredging, the placement of
backfill material, or reliance on ongoing natural sedimentation processes.
Operational monitoring will also be conducted during remedy implementation to ensure the water and air
quality criteria outlined in the federal and state permits secured for the project are not exceeded. In the
event these criteria are exceeded during remedy implementation, the remedial design will outline the
decision criteria for determining whether remedy construction should be temporarily stopped or if
alternative implementation methods should be employed.
Long-Term Monitoring. Long-term monitoring of the Buffalo River would confirm the continuation of
natural processes that reduce risk and ecological exposures. Furthermore, long-term monitoring focuses
on gaining a better understanding of chemical and biological trends in the river against RAOs and to
evaluate changes in conditions that are used to identify and delist BUIs. The SRIR (ENVIRON et al.
2009) characterizes the current physical, chemical and biological conditions of the Buffalo River AOC
through the evaluation of recent sediment investigations and historical information. This characterization,
along with any additional data collected from the Buffalo River AOC prior to remedy implementation,
can serve as a baseline conditions for the Buffalo River AOC, to which post-remediation data collected
during long-term monitoring can be compared. An evaluation of post-remedy conditions against baseline
conditions will demonstrate any changes in the physical, chemical and biological conditions as they relate
to RAOs and the delisting BUIs.
At Year 2 following the completion of the remedy, surface sediment (0–1 ft) chemical concentrations will
be measured to confirm that the total PAH RG and the SWAC RGs for Pb, Hg, and total PCBs were
achieved. As outlined in Section 3, SWAC RGs are based on 1/3-mile segments of the river. If the RGs
have not been achieved at the 2-year review period, additional remedial measures may be implemented.
The following three decision alternatives have been established to provide flexibility in response to
results obtained from Year 2 surface sediment sampling and analytical results:


Case 1: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs have been achieved at
the two-year monitoring period – No further action is required.



Case 2: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs are not achieved at
the two-year monitoring period, but evidence indicates progress toward the site-specific RGs –
Monitoring may be continued through Year 5 in areas where progress toward the RGs has occurred,
particularly in areas that demonstrate natural ongoing processes have led to a decrease in surface
sediment concentrations as compared to concentrations measured immediately following remedy
implementation.



Case 3: The total PAH RG of 1 TU and SWAC RGs for Pb, Hg, and total PCBs are not achieved at
the two-year monitoring period, and monitoring results suggest unacceptably slow progress toward
meeting RGs – Additional dredging or the placement of clean material may be employed to achieve
compliance with RGs, particularly in areas that do not demonstrate an acceptable decrease in surface
sediment concentration as compared to concentrations measured immediately following remedy
implementation, assuming that the lack of progress observed is not attributable to an ongoing source.
In areas where the RGs are not achieved at Year 2 and additional remedial measures are implemented,
monitoring will be conducted at Year 5 to confirm compliance with the RGs.
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At Year 2, long-term monitoring of capped areas will include one or more of the following metrics:
bathymetric or visual surveys to evaluate cap integrity, and/or surface sediment chemical concentrations
in the cap to evaluate sediment deposition and recontamination potential.
Long-term biological monitoring of the Buffalo River AOC will be conducted at Years 1 and 5 following
the remedy implementation. Biological monitoring will include one or more of the following metrics:
benthic community surveys, fish community surveys, the analysis of chemical concentrations in fish, and
the analysis for the presence of liver lesions in brown bullheads. Biological monitoring and sampling
locations will be established during remedial design and, to the extent practicable, will correspond to
areas monitored during previous biological studies conducted in the Buffalo River (ENVIRON et al.
2009, Irvine et al. 2005). This information is will be used to evaluate changes in conditions that used to
identify and delist BUIs.
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6 EVALUATION OF REMEDIAL ALTERNATIVES
This section provides a comparative evaluation of sediment Remedy Alternatives 1 through 5 against the
nine evaluation criteria established under NCP (40 CFR 300.430(e)(9)). The remedy evaluation in this
section expands upon the preliminary engineering scoping information presented in Section 5. This
section organizes the remedy evaluation according to the NCP criteria, so that remedial alternatives can
be compared according to each criterion. Analyses used to support the remedy evaluations in this section
are presented in Table 6-1a (habitat recovery times), Table 6-1b (impact of remedies on aquatic
vegetation and habitat), Table 6-2 (baseline and remedy SWAC calculations), Table 6-3 (mass removal
calculations), and Table 6-4 (estimated remedy costs).

6.1 Overall Protection of Human Health and the Environment
As specified in the NCP, overall protection of human health and the environment is a threshold criterion,
in that all alternatives must achieve this criterion to be considered viable. Evaluation of the overall
protection of human health and the environment determines whether the alternative achieves adequate
short- and long-term protection; describes how site risks are eliminated, reduced, or controlled through
natural processes, treatment, engineering, or controls; and describes the extent to which each sediment
remedy meets the goals of the RAOs established in Section 3 of this document.
Each of the Remedy Alternatives provides varying degrees of overall protection of human health and the
environment. While dredging of sediments may be contribute to RAO goals by removing sediment
contaminants from the river, it poses dredged material management and disposal challenges and creates
unique ecological risks not realized by MNR. MNR, on the other hand, does not immediately satisfy the
RAO goals and relies on ongoing sedimentation processes to achieve remedial goals and reduce risks,
which may take longer than capping or dredging. Capping is very well suited to sediment remediation
and ecological recovery, but is limited to areas outside the navigation channel in the Buffalo River AOC.

6.1.1 Remedy Alternative 1
Baseline human health risk estimates for potential exposure to sediment at the Buffalo River AOC are
within USEPA’s risk limits (1991) with the exception of PCB concentrations in fish tissue, specifically
regarding carp consumption. Based on the latest fish sampling data (NYSDEC 2007), the estimated
human health risks associated with carp consumption are greater than the USEPA acceptable risk range
(see Appendix B). PCB concentrations in carp also continue to be greater than the NYSDOH level for
which the fish advisory was originally established. Existing advisories that restrict fish consumption from
the Buffalo River are expected to minimize the potential adverse impacts on human health.
The No Action alternative contributes to the RAO goals insofar as existing baseline sediment conditions
in most areas of the river are protective of birds, fish, and benthic organisms with respect to total PAHs,
Pb, Hg, and total PCBs in surface sediments. However, RGs have not been met in portions of the river,
such as in the vicinity of RM 3.0-5.0 and in the City Ship Canal. Construction hazards and health risks to
local residents and remediation workers during remediation activities would be nonexistent, because no
intrusive remedial action is taken.
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6.1.2 Remedy Alternative 2
Remedy Alternative 2 contributes to the protection of human health and the environment over time and
contributes to the RAO goals through ongoing recovery processes, monitoring, and institutional controls
that protect public health. Natural sedimentation is the primary line of evidence demonstrating historical
recovery trends, and supporting MNR.
MNR differs from the No Action alternative by including long-term monitoring. Long-term monitoring is
used to assess the continuation of ongoing natural processes that result in the decreasing concentrations of
total PAHs, total PCBs, Pb, and Hg in the surface sediment and the associated decline in health and
ecological risks related to total PAHs, total PCBs, Pb, and Hg in sediments in the AOC. By reducing
uncertainty, long-term monitoring is used to provide assurance that long-term risks are appropriately
managed and controlled. In the short-term, MNR alone is not expected to contribute to the goals of RAO
1, but in the long-term RAO 1 goals could be achieved by effectively managing and reducing risks to
human and ecological receptors, and limiting implementation risks associated with more active remedial
approaches.
Remedy Alternative 2 contributes to the goal of RAO 1 insofar as sediment conditions with respect to
total PAHs, Pb, and Hg are protective of human health. Sport fishing advisories exist to prevent
exposures to PCBs through consumption of carp from the Buffalo River (NYSDOH 2009). These
restrictions will likely be maintained by NYSDOH until the criteria for delisting are attained. Current
concentrations of Hg in fish have not led the state to list Hg in their fish consumption advisories. Hg and
Pb concentrations are less than the NYSDEC fish tissue criteria for wildlife, and are below the USEPA
threshold for both chemicals; thus, RAOs are effectively met for Hg and Pb. For this FS, it is assumed
that the current fish advisories will be used in conjunction with MNR until the proper criteria are attained.
Construction hazards and health risks to local residents and remediation workers during remediation
activities would be minimal because no intrusive remedial action is taken.
MNR contributes to the goal of RAO 2 in areas where baseline sediment conditions are protective of
birds, fish, and benthic organisms with respect to total PAHs, Pb, Hg, and total PCBs. However, surface
sediment concentrations presently exceed the PAH RG of 1 TU and SWAC RGs for PCBs, Pb, such as in
the vicinity of RM 3.0-5.0 and in the City Ship Canal. SWACs also exceed the RGs for Hg in some areas
of the AOC, which were conservatively established to be protective against adverse conditions that could
be created during remediation. Ongoing sedimentation is expected to continue to contribute to reduce
surface sediment chemical concentrations, leading to ecosystem recovery and reduced human exposures
with time, but the time required to reduce surface sediment concentrations below RGs is expected be
significantly longer than the time via MNR as compared to sediment removal remedies. The long-term
monitoring component of an MNR remedy may be used demonstrate if unacceptable levels of chemical
concentrations are present in surface sediments as a result of maintenance dredging or a significant scour
event. If so, the decision criteria outlined in an MNR long-term monitoring plan would be followed to
reduce potential human and ecological exposures. In areas where site-specific RGs have been achieved
for total PAHs, total PCBs, Pb, and Hg, MNR is expected to continue to maintain current conditions via
ongoing sediment deposition and consolidation. The well-armored and cohesive nature of the sediments,
the depositional environment, the history of sediment deposition and contaminant burial, the relatively
low to moderate routine flow conditions in the river combined with armoring in more energetic areas, all
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attest to the long-term stability of river sediment in the Buffalo River and the ability of MNR to continue
to maintain and improve conditions.
MNR alone does not contribute to the goal of RAO 3. Although chemical concentrations in dredged
material are expected to continue to decrease with time as dredging continues to export chemicals from
the river, the time to achieve concentrations that allow either open lake placement or beneficial use in a
Brownfield or other setting is likely to be long.
MNR is consistent with the goal of RAO 4 insofar as the MNR remedy does not interrupt restoration
goals. However, the time required for MNR alone to improve some BUIs would be longer than the
Remedial Advisory Committee goals for restoration of the river.

6.1.3 Remedy Alternative 3
Remedy Alternative 3 targets the removal of surface and deep sediment with PAH concentrations >1 TU,
thus immediately decreasing the mass of PAHs and other chemicals in the river; Remedy Alternative 3
also targets SWACs to levels below the RGs for total PCBs, Pb, and Hg. With time, this remedy reduces
chemical exposures of benthic organisms and fish.
Sediment dredging contributes to the RAO goals of overall protection of human health and the
environment by removing contaminated sediment to improve long-term surface sediment conditions that
reduce risks to human health, birds, fish, and benthic organisms. Notably, short-term surface sediment
concentrations will be negatively impacted by this remedy, which requires an approximate 5-year
construction period, followed by post-remedy surface sediment deposition processes that contribute to
reduced chemical concentrations to achieve RGs and RAO goals.
Remedy Alternative 3 contributes to the goal of RAO 1 insofar as it achieves the site-specific RGs for
surface sediment conditions in the river. Sport fishing advisories exist to prevent exposures to PCBs
through consumption of carp from the Buffalo River (NYSDOH 2009). These restrictions will likely be
maintained by NYSDOH until such time that the criteria for delisting are attained. Current concentrations
of Hg in fish have not led the state to list Hg in their fish consumption advisories. Hg and Pb
concentrations are below the NYSDEC fish tissue criteria for wildlife, and are below the USEPA
threshold for both chemicals. Remedy Alternative 3 was delineated such that it is not expected to
increase long-term surface sediment Hg or Pb levels. Construction hazards and health risks to local
residents and remediation workers during the construction period and during post-remedy recovery would
be managed through site-specific health and safety plans and public communication.
Remedy Alternative 3 contributes to the goal of RAO 2 by removing sediments in areas where surface
sediment COC concentrations are greater than the RGs. However, in areas where RGs have been
achieved via natural recovery, dredging surface sediments introduces negative short-term ecological
impacts through the disruption of the existing sediment bed surface and benthic environment, sediment
suspension, and exposed residuals after dredging.
Remedy Alternative 3 will contribute to RAO 3 by targeting the removal of all sediment concentrations
>1 TU. However, Remedy Alternative 3 also displaces approximately 80% of the existing capacity of
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CDF No. 4. Thus, after the remedy is complete, USACE may have to find alternative disposal methods
for future dredge spoils.
Remedy Alternative 3 is generally inconsistent with the RAO 4 insofar as dredging severely disrupts the
natural environment and interrupts restoration goals. All dredging and capping remedies disrupt the
natural environment to some degree. Remedy Alternative 3, which has a greater interruption of the
environment than Remedy Alternatives 4 and 5, may be inconsistent with the RAO 4 by disrupting a
disproportionately large portion of the natural environment compared to Remedy Alternatives 4 and 5.
The time required for habitat recovery is discussed below, in the discussions of short- and long-term
effectiveness.

6.1.4 Remedy Alternative 4
Remedy Alternative 4 targets the removal of surface sediment with PAH concentrations >1 TU, thus
immediately decreasing the mass of PAHs and other chemicals in the river, and achieves SWACs to
levels below the RGs for PCBs, Pb, and Hg, thus reducing chemical exposures of benthic organisms and
fish. Sediment dredging contributes to RAO goals and achieves overall protection of human health and
the environment by removing contaminated sediment to improve long-term surface sediment conditions
that reduce risks to human health, birds, fish, and benthic organisms. Notably, short-term surface
sediment concentrations will be negatively impacted by this remedy, which requires approximately 2.5 to
3 years to implement, followed by post-remedy surface sediment deposition processes that contribute to
reduced chemical concentration reductions and the RAO goals. However, the short-term impacts of
Remedy Alternative 4 are much less than Remedy Alternative 3.
Remedy Alternative 4 effectively contributes to the RAO goals of achieving overall protection of human
health and the environment. By targeting surface sediment exposures and RGs, Remedy Alternative 4 is
expected to contribute to the RAO goals more quickly than Remedy Alternative 2 (MNR), particularly in
areas where surface sediment PAH concentrations >1 TU, and SWACs for total PCBs, Pb, and Hg exceed
the RGs. Further, because Remedy Alternative 4 does not disrupt areas where natural recovery processes
already achieved RGs (i.e., in areas where surface sediment PAH concentrations <1 TU cover buried
deposits with PAH concentrations >1 TU, and in areas where total PCBs, Pb, and Hg SWACs achieve the
RGs).
Remedy Alternative 4 satisfies the goal RAO 1 insofar as it achieves the site-specific RGs for surface
sediment conditions in the river. Meeting PCB SWAC RGs is expected to contribute to ongoing trends
toward reduced PCB concentrations in carp (NYSDEC 1989, Loganathan et al. 1995, NYSDEC 2006,
Skinner et al. 2009). Sport fishing advisories exist to prevent exposures to PCBs through consumption of
carp from the Buffalo River (NYSDOH 2009). These restrictions will likely be maintained by NYSDOH
until such time that the criteria for delisting are attained. Current concentrations of Hg in fish have not
led the state to list Hg in their fish consumption advisories. Hg and Pb concentrations are below the
NYSDEC fish tissue criteria for wildlife, and are below the USEPA threshold for both chemicals.
Remedy Alternative 4 was delineated such that it is not expected to contribute to increased long-term
surface sediment Hg or Pb levels. Construction hazards and health risks to local residents and
remediation workers during the 2.5-year construction period and during post-remedy recovery would be
managed through site-specific health and safety plans and public communication.
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Remedy Alternative 4 will contribute to RAO 3 by targeting the removal of surface sediments with
concentrations that exceed the RGs, and reducing sediment mass that contributes to CDF disposal
requirements. Remedy Alternative 4 displaces much less of the existing capacity of CDF No. 4 than
Remedy Alternative 3, thus leaving more capacity in the CDF.
Although dredging disrupts the natural environment and may interrupt restoration goals, limited dredging
focused on surface sediment exposures limits the impacts of dredging on the natural environment by not
dredging in areas that do not pose unacceptable levels of risk. Thus, Remedy Alternative 4 is generally
more consistent with the RAO 4 than Remedy Alternative 3. The time required for habitat recovery is
discussed below, in discussions of short- and long-term effectiveness.

6.1.5 Remedy Alternative 5
Remedy Alternative 5 targets the removal of sediments exceeding the PAH RG of 1 TU in surface (0-1 ft)
sediment, surface sediments exceeding SWAC RGs for PCBs, Pb, and Hg, and sediments with elevated
point concentrations of total PAHs, total PCBs, Hg, and Pb at depths 0-4 ft. By achieving surface
sediment RGs for total PAHs, total PCBs, Pb, and Hg, Remedy Alternative 5 thus reduces chemical
exposures of benthic organisms and fish. Sediment dredging contributes to the RAO goals of achieving
overall protection of human health and the environment by removing contaminated sediments to improve
long-term surface sediment conditions that reduce risks to human health, birds, fish, and benthic
organisms. Notably, short-term surface sediment concentrations will be negatively impacted by this
remedy, which requires approximately 3 years to implement, followed by post-remedy surface sediment
deposition processes that contribute to reduced chemical concentration reductions to achieve RGs and
contribute to the RAOs. The short-term impacts of Remedy Alternative 5 are longer than those for
Remedy Alternative 4, but are much less than for Remedy Alternative 3.
Remedy Alternative 5 effectively contributes to the RAO goals of achieving overall protection of human
health and the environment. By targeting surface sediment exposures and RGs, Remedy Alternative 5 is
expected to contribute to RAOs more quickly than Remedy Alternative 2 (MNR). Remedy Alternatives
4 and 5 are considered similar in their ability to achieve RGs and contribute to RAOs, inasmuch as they
comparably achieve reduced ecological and human health risks. However, in addition to achieving the
RGs, Remedy Alternative 5 also targets the removal of elevated COC concentrations at depths of 0–4 ft.
Thus, Remedy Alternative 5 further reduces long-term ecological and human health risks as compared to
Remedy Alternative 4 by removing sediments with elevated chemical concentrations that may be exposed
in the future resulting from the ongoing maintenance dredging of the Buffalo River navigation channel.
In addition, Remedy Alternative 5 thus removes more overall chemical mass from the river, and will thus
outperform Remedy Alternative 4 with respect to improving the likelihood that future dredged sediments
will not require confined disposal (RAO 3).
Remedy Alternative 5 contributes to the goal of RAO 1 insofar as it achieves the site-specific RGs for
surface sediment conditions in the river. Remedy Alternative 5 is similar to Remedy Alternative 4, except
that it also targets elevated concentrations of total PAHs, total PCBs, Pb, and Hg at depths of 0–4 ft.
Meeting PCB SWAC RGs is expected to contribute ongoing trends toward reduced PCB concentrations
in carp. Sport fishing advisories currently exist to prevent exposures to PCBs through consumption of
carp from the Buffalo River (NYSDOH 2009). These restrictions will likely be maintained by NYSDOH
until such time that the criteria for delisting are attained. Current concentrations of Hg in fish have not
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led the state to list Hg in their fish consumption advisories. Hg and Pb concentrations are below the
NYSDEC fish tissue criteria for wildlife, and are below the USEPA threshold for both chemicals.
Remedy Alternative 5 was delineated such that it is not expected to contribute to increased long-term
surface sediment Hg or Pb levels. Construction hazards and health risks to local residents and remediation
workers during the 3-year construction period and during post-remedy recovery would be managed
through site-specific health and safety plans and public communication.
Remedy Alternative 5 contributes to the goals of RAO 2 by removing sediments in areas where surface
sediment chemical concentrations are greater than the RGs. In areas not targeted for dredging, RGs have
been achieved via MNR. Ongoing natural recovery processes will continue to contribute to RAOs.
Dredging surface sediments introduces negative ecological impacts through the disruption of the existing
sediment bed surface and benthic environment, sediment suspension, and exposed dredge residuals.
Remedy Alternative 5 will contribute to RAO 3 by targeting the removal of surface sediments that exceed
the RGs, removing elevated point concentrations of COCs at depths of 0–4 ft, and thus reducing sediment
mass that contributes to CDF disposal requirements. Remedy Alternative 5 displaces much less of the
existing capacity of CDF No. 4 than Remedy Alternative 3, although more than Remedy Alternative 4,
thus leaving more capacity in the CDF.
Although dredging and capping disrupts the natural environment and may interrupt restoration goals,
limited remediation focused on surface sediment exposures limits the impacts of dredging and capping on
the natural environment by not remediating in areas that do not pose unacceptable levels of risk. Thus,
like Remedy Alternative 4, Remedy Alternative 5 is generally more consistent with the RAO 4 than
Remedy Alternative 3. The time required for habitat recovery is discussed below, in discussions of shortand long-term effectiveness.

6.2 Compliance with ARARs
Although the identification of Applicable or Relevant and Appropriate Requirements (ARARs) is not
required for remediation projects under GLLA, for the purposes of this FS, CERCLA and NCP criteria
are being followed in the evaluation of remedy alternatives. The NCP criteria include an evaluation of
the extent to which each remedy alternative is compliant with ARARs. ARARs for the Buffalo River
AOC are provided in Table 6-5. The remedy alternatives are designed to comply with ARARs and all
federal and state permits required for remedy implementation.

6.2.1 Remedy Alternatives 1 and 2
Remedy Alternatives 1 and 2 are expected to comply with ARARs, because they require no construction,
and thus requires no permitting. There are no action-specific ARARs associated with the No Action and
MNR alternatives. Surface water quality conditions in the Buffalo River AOC are not expected to change
beyond current ongoing trends.
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6.2.2 Remedy Alternatives 3, 4, and 5
Remedy Alternatives 3, 4 and 5 are designed to comply with ARARs. It is recognized that dredge
remedies may cause disturbances of contaminated sediments during remedy implementation and that such
disturbances may result in short-term exceedances of chemical-specific surface water ARARs. Permitting
rules typically require that best management practices be used during dredging to minimize the potential
for contaminant suspension and offsite transport.
Work would be scheduled to minimize impacts to fish species in the Buffalo River AOC during remedy
implementation by adhering to designated fish windows and employing best management practices that
minimize ecological impacts to the extent practicable. In addition, all appropriate permits and approvals
would be obtained for dredging Buffalo River AOC sediments. Action-specific ARARs for dredging
alternatives would be complied with by disposing of wastes in accordance with federal, state, and regional
requirements.
Potential water quality impacts associated with dredging are minimized under Remedy Alternatives 4
and 5 by targeting only areas with surface sediments with PAH concentrations >1 TU, thus reducing the
area and time over which impacts may occur as a result of the lower dredge areas and volumes. However,
because Remedy Alternative 5 removes approximately 28% more sediment than Remedy Alternative 4,
water quality impacts would be greater in Remedy Alternative 5 than in Remedy Alternative 4.

6.3 Short-Term Effectiveness
Short-term effectiveness includes an evaluation of short-term impacts on ecological and human risks,
including environmental impacts of remedy implementation, potential impacts to the community and site
workers during remedy implementation, and time until the remedy is achieved (Magar et al. 2008,
Wenning et al. 2005, 2007). This evaluation determines whether the remedy alternatives negatively
impact short-term risks, and whether those risks can be eliminated or controlled through proper remedy
selection and best management practices during remedy implementation. Effects of implementation on
the community include quality of life impacts, such as noise, odors (vehicles and sediment), and traffic.
Impacts to site workers include safety risks during remedy implementation.
The short-term impact of the physical disturbance on the environment may include removal of existing
vegetation beds, removal of benthic organisms, alteration of water column depth, elimination of possible
shallow habitat within the river, and short-term impacts on water quality. Short-term physical
disturbances and water quality impacts are evaluated only for Remedy Alternatives 3, 4, and 5, because
the No Action (Remedy Alternative 1) and MNR (Remedy Alternative 2) remedial alternatives are not
intrusive and therefore do not affect habitat quality.
Habitat recovery time that can be expected following the remedial action primarily involves consideration
for adequate vegetation and benthic recolonization times. Remedy implementation time is directly
proportional to the area of required dredging for each specific remedy alternative the time required to
physically remove the sediment. Implementation timeframes are discussed for each remedy in the
following sections. Each sediment remedial alternative may include a habitat restoration component to
restore lost or temporarily impaired ecological resources, function, or services. Any state or federal
requirements regarding restoration activities will be identified and addressed during the permitting
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process and a comprehensive habitat restoration plan is provided in Section 8, Habitat Restoration.
However, because recovery takes time, short-term ecological risks and habitat impacts require careful
evaluation.
Recolonization time is dependent on factors such as the spatial scale that would be physically disturbed
by the remedial alternative (e.g., the length of shoreline) and consideration of the type of habitat impacted
(e.g., emergent vegetation and submergent vegetation), and comparing those impacts to the observations
of similar impacts as reported in literature for similar environments. The USEPA and the Natural
Resources Research Institute performed a review of recovery in rivers that is relevant to estimates of
habitat recovery for the Buffalo River (Yount and Niemi 1990). Table 6-1a provides a summary of
recovery times seen in rivers following a variety of disturbances, as described by Yount and Niemi
(1990).
Generally, initial recovery times shown from these studies in Table 6-1a range from six months to five
years depending upon the type of disturbance and the size of the area, the endpoint being evaluated, and
other various site-specific characteristics. With regard to specific recovery rates for the Buffalo River,
estimates of the percentage of vegetation communities that are likely be impacted by the remedies are
provided in Table 6-1b. The percent of impact to the vegetative community is important due to physical
removal of habitat but also the fragmentation of impact is important because the areas of vegetation that
remain following the remedial action seed the plant and invertebrate community in disturbed areas. It is
also noted that recolonization contributions occur due to drift from upstream portions of the Buffalo River
and Cazenovia Creek, as well as the seiche effect from Lake Erie. Overlays of the remedies with the
vegetation communities are discussed in this section. Another factor of recovery is the depth of the water
column, but this is more likely to affect the characteristic of the recovered community rather than the
recovery time itself. Deeper water would influence the types of community that returns; recovery does
not necessarily require a return to current use, but rather a return to functional use. Habitat recovery time
for each remedy is described in the following sections.

6.3.1 Remedy Alternative 1
The No Action alternative would result in little to no short-term risk reduction, since risk reduction will
be dependent on natural sedimentation which acts to cover existing sediments with sediments having
lower constituent concentrations.
The No Action alternative would have no short-term community impacts. The No Action alternative does
not create increased community risks associated with onsite construction and remediation operations,
accidents or spills of site-related materials, or transportation. The alternative also creates no community
short-term impacts such as noise, odors, or local traffic odors during construction.
The No Action remedy would pose no transportation or construction risk to site workers because no miles
are traveled, and the No Action remedy does do not require construction. In addition, implementation of
this remedy requires no ex situ management of contaminated sediment.
The No Action remedy is not intrusive, thus, it does not affect habitat or water quality as a result of
remedy implementation.
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6.3.2 Remedy Alternative 2
The MNR alternative would result in little to no short-term risk reduction, since risk reduction will
depend on natural sedimentation which acts to cover existing sediments with sediments having lower
constituent concentrations.
The MNR remedy creates no increased risks to the community associated with onsite construction and
remediation operations, accidents or spills of site-related materials, or transportation. MNR creates no
community short-term impacts such as noise or odors during construction. Routine monitoring and
sampling would be required but is not expected to negatively impact the community.
The MNR remedy poses negligible transportations risk because of minimal miles traveled, and no
construction risk, because MNR does not require construction. However, MNR would pose negligible
risks associated with long-term monitoring. Effective health and safety plans and experience can
adequately manage risks during field sampling and analysis. Therefore, MNR is achievable without
adverse community and worker impacts.
The MNR remedy is not intrusive, thus, it does not affect habitat or water quality as a result of remedy
implementation.

6.3.3 Remedy Alternative 3
Dredging alternatives provide the opportunity to achieve risk reduction by the immediate removal of
sediment contaminants contributing to ecological and human health exposures and risks. However,
depending on the size and complexity of the project, dredging sediment increases the potential for
negative short-term impacts to the environment and to the surrounding Buffalo River community. This is
especially true for Remedy Alternative 3, which requires the removal, transportation, and disposal of
more than 1.75 million CY of contaminated sediment material. The time required to complete the
implementation of Remedy Alternative 3 is expected to be approximately 5 years.10 During this time,
sediment excavation, handling, transportation, and disposal increase community impacts, such as odors
and noise. Community impacts would be in proportion to the volume of dredged material, onsite
sediment handling requirements, and time required to complete remedy implementation. Thus, Remedy
Alternative 3 would pose greater community impacts than Remedy Alternative 4 and 5.
Dredging poses potential adverse risks to the Buffalo River community and construction workers via
exposures to contaminated sediment, prolonged construction, and increased transportation to and from the
site. The risks of sediment suspension and accidental spills of site-related materials increase during
excavation and transportation. Transportation of contaminated dredged material increases human
exposure risks due to the increased sediment handling requirements.

10

The 5-year estimate is based on a removal rate of 3,000 CY / day, 5 months / year, and 6 days / week, and 12 hours / day. For
the purposes of this FS, and based on discussions with USEPA and USACE PCT members, the 3,000 CY / day estimate is
considered reasonable, but could very easily be lower, thus prolonging the overall time for construction. The 5-year estimate
also includes mobilization, demobilization, and relocation between dredge areas.
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Short-term risks associated with dredging should be commensurate with the long-term gains of dredging.
The most frequent post-dredging measurement used to assess dredging effectiveness is contaminant
concentrations in surface sediment. Surface concentrations (as opposed to concentrations in deeply
buried sediments) are the most relevant to risk (NRC 2007). By targeting both surface and buried
chemical deposits, Remedy Alternative 3 may exacerbate risks when targeting buried, sequestered
sediment that is not currently bioavailable or bioaccessible, and in areas where MNR processes have
achieved surface sediment RGs. The large dredge volume associated with Remedy Alternative 3 also
prolongs the construction and ecological recovery times and the time required to achieve long-term RGs
and RAOs, and virtually depletes the capacity of CDF No. 4.
Dredging requires extensive heavy equipment use, including barge- or shoreline-mounted excavation
equipment, and onsite sediment handling equipment (e.g., backhoes or cranes). Though the construction
industry has extensive experience working with such heavy equipment, the increased risk of injury cannot
readily be discounted. Dredging increases the risk of offsite transport of contaminated sediments during
routine operation. Optimizing sediment removal reduces the potential for sediment scouring and offsite
contaminant transport, and minimizes ecological exposures to chemicals in surface water resulting from
sediment resuspension.
Removing all sediments with PAH concentrations >1 TU as part of Remedy Alternative 3 increases the
duration of negative short-term habitat impacts, in part due to the longer construction and recovery times.
Figure 6-1a shows limits of dredging for Remedy Alternative 3 in relation to existing areas of emergent
and submergent aquatic vegetation, and Table 6-1b provides the length shoreline with aquatic vegetation
that would be disrupted by this remedy. In summary 72% of the aquatic vegetation in the Buffalo River
would be impacted by Remedy Alternative 3 and 69% of the aquatic vegetation would be disrupted in the
City Ship Canal.
At an estimated dredging rate of 3,000 CY / day, removal of 1.75 million CY would require
approximately 5 to 6 years of dredging, assuming 5 month dredge windows annually. Given the volume
of removal, it is estimated that the recovery time for the river as a whole will be approximately 7 to
10 years. This estimate is based on the amount of time it would take to complete required dredging, the
sediment deposition rate, and the recolonization of vegetation and benthic organisms.
The short-term impact on water quality involves consideration of sediment resuspension and partition of
compounds into dissolved phase as a result of dredging. Remedy Alternative 3, as well as the other
dredge remedies, (Remedy Alternatives 4 and 5) would minimize water quality impacts by employing
best management practices that reduce surface sediment releases to the extent practicable, and all dredge
remedies would adhere to site-specific permitting requirements.
Existing advisories that restrict fish consumption from the Buffalo River are expected to minimize the
potential adverse impacts on human health. Impacts would be minimized further by scheduling work in
accordance with fish windows, and by employing best management practices that minimize surface
sediment releases and ecological impacts to the extent practicable.
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6.3.4 Remedy Alternative 4
Dredging alternatives provide the opportunity to achieve risk reduction by the immediate removal of
sediment contaminants contributing to ecological and human health exposures and risks. Similar to
Remedy Alternative 3, dredging of sediment as part of Remedy Alternative 4 increases the potential for
negative short-term impacts to the environment and to the surrounding Buffalo River community.
However, Remedy Alternative 4 helps minimize community- and worker-related risks via reduced
dredging requirements, by focusing on surface sediments that exceed the RGs for total PAHs, total PCBs,
Pb, and Hg. Targeting surface sediments is consistent with the understanding that the sediment surface
represents the bioavailable fraction of the sediment column, and that buried sediment is not bioavailable
(USACE 2008a, NRC 2007, USEPA 2005). Remedy Alternative 4 requires the removal, transportation,
and disposal of 640,000 CY of contaminated sediment material, which is approximately 35% of the
volume removed in Remedy Alternative 3. The time required to complete the implementation of Remedy
Alternative 4 is expected to be approximately 2.5 to 3 years, compared to 5 to 6 years for Remedy
Alternative 3.11
During remedy implementation, sediment excavation, handling, transportation, and disposal increase
community impacts, such as odors, noise, and local traffic. Community impacts would be in proportion
to the volume of dredged material, onsite sediment handling requirements, and time required to complete
remedy implementation. In addition, impacts to site workers, including risks associated with operating
heavy equipment, transportation of dredge material, and potential exposure to contaminated sediments
during excavation and transportation, would also be in proportion to the volume of dredge material.
Short-term risks associated with dredging should be commensurate with the long-term gains of dredging.
The most frequent post-dredging measurement used to assess dredging effectiveness is contaminant
concentrations in surface sediment. Surface concentrations (as opposed to concentrations in deeply
buried sediments) are the most relevant to risk (NRC 2007). By targeting surface sediment exposures,
Remedy Alternative 4 would pose reduced adverse impacts and risks to the community and site workers
compared to Remedy Alternative 3, while still achieving site specific RGs and contributing to the goals of
the RAOs.
By removing only sediments from areas with surface concentrations exceeding the RGs, Remedy
Alternative 4 decreases the duration of negative short-term habitat impacts, in part due to the shorter
construction and recovery times as compared to Remedy Alternative 3. Figure 6-1b shows limits of
dredging for Remedy Alternative 4 in relation to existing areas of emergent and submergent aquatic
vegetation, and Table 6-1b provides the length shoreline with aquatic vegetation that would be disrupted
by this remedy. In summary, 29% of the aquatic vegetation in the Buffalo River would be impacted by
Remedy Alternative 4 and 49% of the aquatic vegetation would be disrupted in the City Ship Canal, as
compared to 72% and 69% of the aquatic vegetation that would be impacted by Remedy Alternative 3 in
the Buffalo River and City Ship Canal, respectively.

11

The 2.5 to 3-year estimate is based on a removal rate of 3,000 CY / day, 5 months / year, and 6 days / week, and 12 hours /
day. For the purposes of this FS, and based on discussions with USEPA and USACE PCT members, the 3,000 CY / day estimate
is considered reasonable, but could very easily be lower, thus prolonging the overall time for construction. The 2.5 to 3-year
estimate also includes mobilization, demobilization, and relocation between dredge areas.
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The remedy implementation time for Remedy Alternative 4 is estimate at approximately 2.5 to 3 years
with an estimated dredging rate of 3,000 CY / day, removal of 640,000 CY would require of dredging,
assuming 5 month dredge windows annually. Among the dredge remedies, habitat recovery time is
expected to be lowest for Remedy Alternative 4 primarily because of the smaller area impact for dredging
to achieve surface sediment RGs and the patchiness of the remaining vegetation communities that can
provide a basis for organism dispersal. As such, the recovery time for Remedy Alternative 4 for the river
as a whole is estimated as approximately 3 to 5 years based on the sediment volume removal required and
estimates of the rate of removal per day (discussed further in Section 6.4).
The short-term impact on water quality involves consideration of sediment resuspension and partition of
compounds into dissolved phase as a result of dredging. Remedy Alternative 4 would minimize water
quality impacts by employing best management practices that reduce surface sediment releases to the
extent practicable and would adhere to site-specific permitting requirements. Existing advisories that
restrict fish consumption from the Buffalo River are expected to minimize the potential adverse impacts
on human health. Impacts would be minimized further by scheduling work in accordance with fish
windows, and by employing best management practices that minimize surface sediment releases and
ecological impacts to the extent practicable.

6.3.5 Remedy Alternative 5
The evaluation of short-term effectiveness of Remedy Alternative 5 is similar to the resulting evaluation
for Remedy Alternative 4. Similar to Remedy Alternative 4, Remedy Alternative 5 targets the removal of
all sediments from areas with surface sediments (0 – 1 ft) in the Buffalo River AOC with a PAH
concentration >1 TU, and targets SWAC RGs for total PCBs, Hg, and Pb. However, in addition, Remedy
Alternative 5 also targets the removal of sediments with elevated point concentrations of the total PAHs,
total PCBs, Pb, and Hg at depths of 0–4 ft. As a result, the dredge volume of Remedy Alternative 5 is
820,000 CY, which is 180,000 CY (~28%) greater than Remedy Alternative 4, and the limits of dredging
increases by 20 acres as compared to Remedy Alternative 4. The time required to complete the
implementation of Remedy Alternative 5 is expected to be approximately 3 years, compared to 5 to 6
years for Remedy Alternative 3 and 2.5 to 3 years for Remedy Alternative 4.12
Impacts to the community, including odors, traffic, and noise, would be in proportion to the volume of
dredged material, onsite sediment handling requirements, and time to complete remedy implementation.
In addition, impacts to site workers, including risks associated with operating heavy equipment,
transportation of dredge material, and potential exposure to contaminated sediments during excavation
and transportation, would also be in proportion to the volume of dredge material. Short-term risks
associated with dredging should be commensurate with the long-term gains of dredging. The most
frequent post-dredging measurement used to assess dredging effectiveness is contaminant concentrations
in surface sediment. Surface concentrations (as opposed to concentrations in deeply buried sediments)
are the most relevant to risk (NRC 2007). By targeting surface exposures, Remedy Alternative 5 would
pose reduced adverse impacts and risks to the community and site workers compared to Remedy
12

The 3-year estimate is based on a removal rate of 3,000 CY / day, 5 months / year, and 6 days / week, and 12 hours / day. For
the purposes of this FS, and based on discussions with USEPA and USACE PCT members, the 3,000 CY / day estimate is
considered reasonable, but could very easily be lower, thus prolonging the overall time for construction. The 3-year estimate
also includes mobilization, demobilization, and relocation between dredge areas.
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Alternative 3; however, by removing an approximately 28% greater volume to target buried deposits,
Remedy Alternative 5 would pose greater community and worker impacts and risks than Remedy
Alternative 4.
Figure 6-1c shows limits of dredging for Remedy Alternative 5 the in relation to existing areas of
emergent and submergent aquatic vegetation, and Table 6-1b provides the length shoreline with aquatic
vegetation that would be impacted by this remedy. In summary 38% of the aquatic vegetation in the
Buffalo River would be impacted by Remedy Alternative 5 and 57% of the aquatic vegetation would be
disrupted in the City Ship Canal, as compared to 72% and 69% of the aquatic vegetation that would be
impacted by Remedy Alternative 3 and 29% and 49% that would be impacted by Remedy Alternative 4,
in the Buffalo River and City Ship Canal, respectively.
The estimated recovery time for the river as a whole is considered 3 to 5 years for this remedy, given the
similarities among dredge areas and an estimated dredging rate of 3,000 CY / day, removal of
820,000 CY would require approximately 3 years of dredging, assuming 5 month dredge windows
annually. Additional time beyond 3 to 5 years is expected for the sediment surface to return to pre-dredge
elevations outside of the navigation channel.
The short-term impact on water quality involves consideration of sediment resuspension and partition of
compounds into dissolved phase as a result of dredging. Remedy Alternative 5 would minimize water
quality impacts by employing best management practices that reduce surface sediment releases to the
extent practicable and would adhere to site-specific permitting requirements. Existing advisories that
restrict fish consumption from the Buffalo River are expected to minimize the potential adverse impacts
on human health. Impacts would be minimized further by scheduling work in accordance with fish
windows, and by employing best management practices that minimize surface sediment releases and
ecological impacts to the extent practicable.

6.4 Long-Term Effectiveness and Permanence
Long-term effectiveness is a measurement of long-term risk reduction and remedy permanence, including
physical stability of the sediment. This criterion determines the adequacy and reliability of sediment
remedies and controls to manage human health and ecological risks associated with sediment
contaminants (USEPA 2005a). Long-term effectiveness is determined by assessing potential residual
human health and ecological risks likely to be present after response actions have been employed, and by
predicting future surface sediment chemical concentrations. Remedy permanence is determined by
evaluating the physical permanence of the remedy.

6.4.1 Remedy Alternative 1
6.4.1.1

Long-Term Risk Reduction and Residual Risk

Remedy Alternative 1 provides no reduction in risk to humans or the environment beyond the current
ongoing and natural processes in the Buffalo River AOC, and chemical concentrations for sediments left
in place will not be monitored.
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Table 6-2a lists the SWACs for total PAHs, total PCBs, Pb, and Hg, under current conditions (i.e., prior
to any remedial action). The IDW interpolations of the 2005/2007 and 2008 surface sediment data are
used to calculate SWACs under current conditions. The SWAC values are below the site-specific RGs
outlined in Section 3.2 for most areas of the Buffalo River AOC, except in some areas at RM 2.5–5.0 and
in the City Ship Canal. Under current conditions, the total PAH RG (1 TU) is generally not exceeded
except in surface sediments at RM 3.25–5.25 of the Buffalo River, and in the City Ship Canal. As part of
Remedy Alternative 1 (No Action) these elevated chemical concentrations would be left in place and
without monitoring, meaning that potential reduction in surface sediment concentration resulting from
ongoing processes could not be determined. Therefore, Remedy Alternative 1 (No Action) would likely
continue to pose a risk to the environment, and would not successfully satisfy the goals of the RAOs
outlined in Section 3.
Residual human health risks associated with existing sediment concentrations are within the USEPA’s
acceptable risk range (see Appendix B), although existing concentrations of PCBs in fish tissue result in
potential risks above the acceptable risk range, depending on the frequency of exposure and actual fish
tissue concentration. In addition, PCB concentrations in carp continue to exceed the NYSDOH level for
which the fish advisory was originally established. Fish tissue concentrations are expected to decline as
natural sediment deposition processes continue. Therefore, although Remedy Alternative 1 could
eventually satisfy the RAO goals over the long-term, no monitoring would be performed to confirm this
risk reduction.

6.4.1.2

Remedy Permanence

Overall the Buffalo River is characterized as stable and resistant to scour and sediment resuspension.
Hydrodynamically, the Buffalo River is characterized as a slow-moving river, with a low river gradient of
approximately 17 cm/km. Results from model simulations demonstrated low velocities and bottom shear
stresses throughout the AOC during low to moderate flow conditions (Figures 2-8 and 2-9). An increase
in velocity was shown for low flow conditions with a large seiche influence, but these elevated velocities
were typically short in duration and resulted in relatively low bottom stresses relative to watershed-driven
events that can create high, sustained flows.
During moderate flow events (1-yr recurrence interval) model results demonstrated higher velocities
throughout the river, with highest velocities in the upstream areas and in the relatively narrow reach
between RM 1.0 and 2.0. Under all high flow events, seiche impacts were observed to be small relative
to the effect of watershed flows. Further increases in velocities and shear stress were demonstrated during
high flow events (10-yr and 100-yr intervals). These increases were most notable in the narrow section of
the river between RM 1.0–2.0, and at intermittent locations in the sinuous upper portion of the river, e.g.,
near RM 2.9, and RM 5.2.
The Buffalo River AOC is generally a depositional system. The hydrodynamic modeling studies and
investigation of sediment bed properties supports an improved understanding of the sediment transport
within the Buffalo River AOC and an understanding of the long-term stability of the system under wet
weather and high seiche conditions, as discussed in Appendix C. In summary, a generally high rate of
sedimentation occurs throughout the river, as indicated by USACE dredging activities and supporting
modeling studies (USACE 1988). Post-dredging rates of sedimentation vary significantly from 0.2 – 0.4
ft/year depending on the reach of the river. The artificially deep river cross-sections maintained by
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ongoing dredging activities contributes to the lower velocities and a generally depositional environment
in the Buffalo River AOC. Results of a simplified scour analysis show that during 100-year flow events
isolated localized zones have a high probability of sediment scour. However, an analysis of sediment
erosion potential shows maximum scour depths of 1 foot (30 cm) during high flow conditions similar to a
100-year wet weather event. The same model also shows broad areas of solids deposition due to greatly
increased loads of watershed solids under high event flow conditions, indicating the net depth of sediment
scour would be less than 1 foot. Elevated chemical concentrations in the Buffalo River sediments buried
beneath the top foot of sediment are not expected to be exposed during scour events in localized areas.

6.4.2 Remedy Alternative 2
6.4.2.1

Long-Term Risk Reduction and Residual Risk

As described for Remedy Alternative 1 (No Action), and as demonstrated in Table 6-2a, the SWACs for
total PCBs, Pb, and Hg under current conditions do not exceed the site-specific SWAC RGs for most
areas of the Buffalo River AOC, except for in the vicinity of RM 2.5–5.0 and the City Ship Canal, and the
total PAH RG of 1 TU is generally not exceeded except in surface sediments at RM 3.25–5.25 of the
Buffalo River, and in the City Ship Canal. Therefore, Buffalo River sediments outside of these areas
generally do not pose unacceptable ecological risks due to surface sediment concentrations of these four
indicator chemicals under Remedy Alternative 2 (MNR).
In areas where the RGs are exceeded, the current ongoing and natural processes in the Buffalo River AOC
are expected to continue reductions in exposures and risk to humans and the environment over time
These processes include the deposition of suspended material, which provides a physical barrier of clean
sediments and further isolates elevated chemical concentrations in the sediment, thus reducing the
potential chemical exposures to humans and biota. Evidence that natural sedimentation leads to reduced
chemical concentrations in surface sediments in the Buffalo River AOC is demonstrated in the 2005/2007
and 2008 sediment chemistry data; in every reach of the river, average surface sediment concentrations
for total PAHs, total PCBs, Hg, and Pb are lower than average subsurface concentrations for each
respective chemical. Thus, sedimentation and physical processes can reduce the risk of exposure of
biologically available COCs in surface sediment over time.
MNR differs from the No Action alternative by including long-term monitoring. Monitoring is used to
confirm the continuation of ongoing natural processes that can result in reduced risk of exposure to
human health and the environment. Ongoing maintenance dredging in the navigational channel of the
Buffalo River may disrupt “natural caps” that form as a result of natural sedimentation processes. The
long-term monitoring component of an MNR remedy will demonstrate if unacceptable levels of chemical
concentrations are present in surface sediments as a result of maintenance dredging. MNR would rely on
institutional controls, such as ongoing fish advisories until PCB levels in fish decrease to below advisory
levels, and increased source control (e.g., improved CSO management).
Through the processes and methods listed above (i.e., natural deposition, institutional controls, and longterm monitoring), Remedy Alternative 2 (MNR) is expected to achieve the RGs for the Buffalo River
AOC over the long-term. Achieving these site-specific RGs in turn satisfies the goals of RAOs
established for the Buffalo River AOC (Section 3), by reducing the exposure of wildlife and the aquatic
community to sediment chemical concentrations that are above protective levels. Furthermore, Remedy
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Alternative 2 is not intrusive and thus preserves existing aquatic habitat, which further complies with
RAOs and Supporting Remedial Selection Goals (Section 3) that promote the protection and restoration
of habitat and wildlife.
Residual human health risks associated with existing sediment concentrations are within the USEPA’s
acceptable risk range (see Appendix B), although existing concentrations of PCBs in fish tissue result in
potential risks within to above the acceptable risk range, depending on the frequency of exposure and
actual fish tissue concentration. In addition, PCB concentrations in carp continue to exceed the
NYSDOH level for which the fish advisory was originally established. Fish tissue concentrations are
expected to decline as natural sediment deposition processes continue. Therefore, Remedy Alternative 2
could eventually satisfy the RAO goals over the long-term. Monitoring conducted as part of this remedy
would be used to demonstrate the rate of recovery and that long-term risk reduction is eventually
achieved.

6.4.2.2

Remedy Permanence

The potential for sediment scour and resuspension, and subsequent chemical exposure for Remedy
Alternative 2 is similar to the No Action alternative. However, in contrast to the Remedy Alternative 1
(No Action), the MNR remedy relies on long-term monitoring to reduce remedy uncertainty and verify
stability, and can be used to provide information to the district USACE and other land owners so they can
better manage their sediments and limit dredging that may expose buried contaminants. Monitoring is
also used to demonstrate the continuation of natural and ongoing processes that reduce risk and ecological
exposures.
As part of Remedy Alternative 2, MNR monitoring is likely to include the analysis of surface sediment
samples for COCs, benthic community surveys, the analysis of chemical concentrations in fish, and the
analysis for the presence of liver lesions in brown bullheads. Following a major storm event, monitoring
could be conducted to identify areas of potential scour, and to evaluate the change in surface sediment
chemical concentrations caused by the scour event. In the unlikely event that sediment scour results in
adverse human health or ecological risks, contingency actions such as increased monitoring, institutional
controls, reanalysis of expected recovery times, or sediment capping can be employed to manage exposed
areas and immediately attenuate risks. This contingency component may include additional biological
monitoring should the primary components indicate excess risks to human health or the environment due
to the presence of elevated chemical concentrations in surface sediment.

6.4.3 Remedy Alternative 3
6.4.3.1

Long-Term Risk Reduction and Residual Risk

Remedy Alternative 3 provides a secure long-term reduction in risk by targeting the site-specific RG of
1 TU for total PAHs across all sediment depths (Figure 5-1a), and achieves SWAC RGs for Pb, Hg, and
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total PCBs (Table 6-2)13. For Remedy Alternative 3, all sediments contributing to an exceedance of the
PAH RGs would be targeted for removal from the Buffalo River AOC and transferred to CDF No. 4, thus
in the Buffalo River permanently eliminating potential risk of exposure to the material removed from the
river. Nonetheless, dredge residuals are frequently an uncontrollable byproduct of dredge remedies, and
post-remedy residuals should be considered as a potential factor contributing to short-term residual risk at
the site.
Remedy Alternative 3 would impact long-term ecological recovery of the river, and the scale of the
remedy would require more time for surface sediment recovery. Predicted shoaling rates in high
depositional areas are based on a sedimentation rate of approximately 70,000 CY / year. A larger volume
of sediment removal, such as the 1.75 million CY identified for Remedy Alternative 3, would require a
larger area and volume of sediment recovery with time, and thus would slow recovery. The slowest
recovery would likely occur at RM 1.0– 2.5, where velocities are highest and the river is narrowest. The
fact that Remedy Alternative 3 impacts approximately 71% of the SAV and EV habitat in the river also
slows long-term recovery. Aquatic recovery, in part, depends on a resource’s ability to reseed impacted
areas; by destroying such a large footprint of the natural habitat, less residual / starter material is available
to recolonize impacted areas.
Remedy Alternative 3 achieves the RGs for the Buffalo River AOC by targeting the removal of all
surface and buried sediments with total PAH concentrations >1 TU, and achieving SWAC RGs for Pb,
Hg, and total PCBs. Achieving these site-specific RGs in turn satisfies the RAO goals established for the
Buffalo River AOC (Section 3), by reducing human and wildlife exposures to sediment chemical
concentrations that are above protective levels. A reduction in exposure will, in turn, reduce acute and
chronic toxicity, if any, to aquatic communities and piscivorous wildlife.
Residual human health risks associated with existing sediment concentrations are within the USEPA’s
acceptable risk range (see Appendix B), although existing concentrations of PCBs in fish tissue result in
potential risks within to above the acceptable risk range, depending on the frequency of exposure and
actual fish tissue concentration. In addition, PCB concentrations in carp continue to exceed the
NYSDOH level for which the fish advisory was originally established. Relative to Alternatives 1 and 2,
the removal of sediments as described for Alternative 3 is estimated to achieve an approximately 2.1- to
3.6-fold reduction in human health risks associated with fish ingestion. Therefore, Remedy Alternative 3
is expected to contribute to RAO goals sooner than Alternatives 1 and 2. Monitoring conducted as part of
this remedy is used to demonstrate whether long-term risk reduction is achieved.

6.4.3.2

Remedy Permanence

Remedy Alternative 3, which targets the removal of all sediments with a total PAH concentration >1 TU,
and achieves long-term SWAC RGs for Pb, Hg, and PCBs would be a permanent remedy insofar as
sediment with chemical concentrations causing an exceedance of these criteria is targeted for permanent
removal from the Buffalo River AOC.

13

Post remediation SWACs are calculated by applying average upstream surface sediment concentrations to remediated areas.
The average upstream surface sediment concentrations are total PAHs, 6.1 mg/kg; Pb, 21.7 mg/kg; Hg, 0.029 mg/kg; total PCBs,
0.014 mg/kg.
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As part of Remedy Alternative 3, monitoring is also used to demonstrate the continuation of ongoing
processes that reduce risk and ecological exposures. Long-term monitoring will include the analysis of
surface sediment samples for COCs, and one more of the following biological metrics: benthic
community surveys, the analysis of chemical concentrations in fish, and the analysis for the presence of
liver lesions in brown bullheads.

6.4.4 Remedy Alternative 4
6.4.4.1

Long-Term Risk Reduction and Residual Risk

Remedy Alternative 4 provides long-term reduction in risk by targeting the RG of 1 TU for total PAHs
across surface sediments (Figure 5-1b), and the SWAC RGs for Pb, Hg, and total PCBs (Table 6-2).
Remedy Alternative 4 reduces the risk to human health and the environment by targeting the removal of
sediments associated with surface sediment RG exceedances. This approach is consistent with the
understanding that the sediment surface represents the bioavailable fraction of the sediment column, and
that buried sediment is not bioavailable (USACE 2008b, USEPA 2005). Ongoing natural processes, such
as the deposition of cleaner sediments, will continue to provide risk reduction by further burying and
isolating sediments with elevated chemical concentrations that are left in place.
Similar to Remedy Alternative 3, dredge residuals are frequently an uncontrollable byproduct of dredge
remedies, and the potential presence of post-remedy residuals should be considered as a short-term
residual risk for Remedy Alternative 4. However, natural deposition is expected to cover sediments
quickly, providing a relatively clean sediment surface in several years; USACE shoaling rates in the
upper reaches of the river predict sedimentation rates of several feet in the first five years after dredging.
The smaller footprint of Remedy Alternative 4, compared to Remedy Alternative 3, is expected to
accelerate recovery, because more sedimentation can be dedicated to a smaller impacted area.
Remedy Alternative 4 achieves the PAH RG of 1 TU in surface sediments and the SWAC RGs for Pb,
Hg, and total PCBs. Achieving these site-specific RGs in turn achieves compliance with the goals of the
RAOs established for the Buffalo River AOC (Section 3), by reducing human and wildlife exposures to
sediment chemical concentrations that are above protective levels. A reduction in exposure will, in turn,
reduce acute and chronic toxicity, if any, to aquatic communities and piscivorous wildlife.
Similar to Remedy Alternative 3, the removal of sediments as described for Remedy Alternative 4 is
estimated to achieve an approximately 2.1- to 3.6-fold reduction in human health risks associated with
fish ingestion. While the risk reduction associated with this alternative is slightly less than estimated for
Alternative 3, this level of risk reduction satisfies the long-term RAO goals for protection of human
health. The short-term impacts associated with Alternative 4 also are less than projected for Remedy
Alternative 3. Monitoring conducted as part of this remedy would confirm that long-term risk reduction
is achieved.

6.4.4.2

Remedy Permanence

Remedy Alternative 4 permanently removes sediments to meet the ecologically relevant criteria targeting
biologically available PAH concentrations >1 TU in surface sediments, and SWAC RGs for PCBs, Pb,
and Hg. Ongoing natural processes, such as deposition of cleaner suspended sediments will continue to
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bury residual sediments in most areas and maintain the stability of the sediment bed surface. The
deposition of suspended material provides a physical barrier of clean sediments which further isolates
elevated chemical concentrations in the sediment, thus reducing the potential exposure of these chemicals
to humans and biota. As part of Remedy Alternative 4, long-term monitoring is used to demonstrate the
continuation of these ongoing processes. Long-term monitoring will include the analysis of surface
sediment samples for COCs, and one more of the following biological metrics: benthic community
surveys, the analysis of chemical concentrations in fish, and the analysis for the presence of liver lesions
in brown bullheads. As described for Remedy Alternative 2, the Buffalo River is relatively stable and
generally resistant to scour and sediment resuspension. Contingencies could be taken in the unlikely
event that sediment scour unacceptably increases human health and environmental exposures to elevated
chemical concentrations, as described for Remedy Alternative 2.
Areas with buried sediment contaminants will be communicated to the USACE so they can be managed
appropriately during routine dredging. The fact that the USACE does not currently dredge bank areas,
and the fact that they have been stable for decades, resulting in sediment accumulation and burial, attests
to their permanence in this river system. Long-term monitoring will be used to support this assessment.

6.4.5 Remedy Alternative 5
6.4.5.1

Risk Reduction and Residual Risk

Similar to Remedy Alternative 4, Remedy Alternative 5 provides long-term reduction in risk by targeting
the site-specific RG of 1 TU for total PAHs across surface sediments, and SWAC RGs for Pb, Hg, and
total PCBs; in addition, Remedy Alternative 5 also targets the removal of sediments with elevated point
concentrations of total PAHs, total PCBs, Pb, and Hg at depths of 0–4 ft, as outlined in Section 5. As a
result, Remedy Alternative 5 targets the removal of an additional 180,000 CY of sediment and provides
enhanced long-term risk reduction as compared to Remedy Alternative 4. The removal additional
sediments with elevated chemical concentrations, particularly sediments below the surface sediment (>1 ft
depth), permanently prevents these sediments from being exposed. As with Remedy Alternative 4,
natural deposition is expected to recover sediments,by providing a relatively clean sediment surface;
USACE shoaling rates in the upper reaches of the river predict sedimentation rates of several feet in the
first five years after dredging. The smaller footprint of Remedy Alternative 5, compared to Remedy
Alternative 3, is expected to accelerate recovery, because more sedimentation will be dedicated to a
smaller impacted area.
Similar to Remedy Alternatives 3 and 4, dredge residuals are frequently an uncontrollable byproduct of
dredge remedies, and the potential presence of post-remedy residuals should be considered as a residual
risk for Remedy Alternative 5.
Remedy Alternative 5 achieves the PAH RG of 1 TU in surface sediments and the SWAC RGs for Pb,
Hg, and total PCBs. Achieving these site-specific RGs in turn achieves compliance with the RAO goals
established for the Buffalo River AOC (Section 3), by reducing human and wildlife exposures to
sediment chemicals. A reduction in exposure will, in turn, reduce acute and chronic toxicity, if any, to
aquatic communities and piscivorous wildlife. Similar to the other dredge remedies, Remedy Alternative
5 would increase short-term risks of exposure through potential for contaminated sediment resuspension,
re-deposition, and off-site transport. However, by targeting the removal of areas that address bioavailable
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surface sediments, and sediments with elevated point concentrations to a depth of 0–4 ft, Remedy
Alternative 5 maintains compliance with the long-term RGs, and substantially decreases short-term risks,
due to the substantial reduction in the volume of sediment removed as compared to Remedy Alternative
3. The decreased disruption of existing habitat compared to Remedy Alternative 3 is consistent with the
RAOs and Supporting Remedial Selection Goals (Section 3) that promote the protection and restoration
of habitat and wildlife.
Similar to Remedy Alternatives 4, the removal of sediments as described for Remedy Alternative 5 is
estimated to achieve an approximately 2.1- to 3.6-fold reduction in human health risks associated with
fish ingestion. While the risk reduction associated with this alternative is slightly less than estimated for
Alternative 3, this level of risk reduction adequately satisfies the long-term RAO goals for protection of
human health. The short-term impacts associated with Alternative 5 also are less than projected for
Remedy Alternative 3. Remedy Alternative 5 is not estimated to provide any greater long-term risk
reduction in comparison with Remedy Alternative 4, although Remedy Alternative 5 offers a greater
degree of permanence with the removal of sediment deposits to depths of 4 ft with elevated COC
concentrations. Remedy Alternative 5 also would have greater short-term impacts relative to Remedy
Alternative 4. Monitoring conducted as part of this remedy would demonstrate whether long-term risk
reduction is achieved.

6.4.5.2

Remedy Permanence

Remedy Alternative 5 permanently removes sediments to meet the criteria targeting biologically available
PAH concentrations >1 TU in surface sediments, and to achieve SWAC RGs for PCBs, Pb, and Hg.
Ongoing natural processes, such as deposition of cleaner suspended sediments will continue to bury
residual sediments and enhance the stability of the sediment bed surface. The deposition of suspended
material provides a physical barrier of clean sediments which further isolates elevated chemical
concentrations in the sediment, thus reducing the potential exposure of these chemicals to humans and
biota. As part of Remedy Alternative 5, long-term monitoring is used to demonstrate the continuation of
these ongoing processes. Long-term monitoring will include the analysis of surface sediment samples for
COCs, and one more of the following biological metrics: benthic community surveys, the analysis of
chemical concentrations in fish, and the analysis for the presence of liver lesions in brown bullheads. As
described for Remedy Alternative 2, the Buffalo River is relatively stable and generally resistant to scour
and sediment resuspension. Contingencies could be taken in the unlikely event that sediment scour
unacceptably increases human health and environmental exposures to elevated chemical concentrations,
as described for Remedy Alternative 2.
Areas with buried sediment contaminants will be communicated to the USACE so they can be managed
appropriately during routine dredging. The fact that the USACE does not currently dredge bank areas,
and the fact that they have been stable for decades, resulting in sediment accumulation and burial, attests
to their permanence in this river system. Long-term monitoring will be used to support this assessment.

6.5 Reduction of Toxicity, Mobility, or Volume
This NCP criterion addresses the anticipated efficiency of the remedy alternative at reducing risks
associated with elevated sediment chemical concentrations in the Buffalo River AOC. Toxicity, mobility,
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and volume reductions may be realized in situ as well as ex situ, and in some cases ex situ dredge
alternatives may increase risks by mobilizing contaminants. To contribute to the understanding of how
the proposed remedies reduce toxicity, mobility, or volume of chemical contamination, Tables 6-2
presents the SWACs that are expected to result following each dredge remedy (i.e., reduced toxicity and
mobility); Table 6-3 shows the estimated mass of chemical removed as a result of each dredge remedy
(i.e., reduced volume).
Section 6.5 focuses on the reduction of toxicity, mobility and volume of total PAHs, Pb, Hg, and total
PCBs, which were identified as the four primary indicator chemicals in the Buffalo River AOC (GLNPO
2008). Additional COCs in Buffalo River AOC sediments include arsenic, chromium, copper,
benzo(a)pyrene, benzo(a)anthracene, DDT, and gamma chlordane. Buffalo River AOC sediment
concentrations of these additional COCs are compared to Draft NYS Sediment Guidance Values (SGVs)
and Probable Effects Concentrations (PECs) routinely used by the USEPA, the Technical Memorandum
Seven Additional Chemicals of Potential Concern provided in Appendix C. By identifying areas of the
Buffalo River AOC where surface sediment chemical concentrations are above their respective SGVs and
PECs and comparing those areas with the limits of dredging for Remedy Alternative 5, this memorandum
shows the areas that will be targeted for removal by Remedy Alternative 5 and the extent to which this
remedy achieves risk reduction with respect to the seven additional COCs.14

6.5.1 Remedy Alternative 1
The No Action Alternative does not provide additional reduction in toxicity, mobility or volume of
chemicals in the Buffalo River AOC sediments, beyond the current ongoing recovery processes. These
processes include the deposition of suspended material, which provides a barrier of clean sediments to
further isolate elevated chemical concentrations in the sediment. However, the chemical concentrations
for sediments left in place will not be monitored.

6.5.2 Remedy Alternative 2
MNR (Remedy Alternative 2) relies on natural ongoing recovery processes to reduce chemical toxicity
and mobility. The deposition of clean suspended material provides a physical barrier which further
isolates elevated chemical concentrations in the sediment, thus reducing the potential exposure of these
chemicals to humans and biota. Evidence that natural sedimentation leads to reduced chemical
concentrations in surface sediments in the Buffalo River AOC is demonstrated in the 2005/2007 and 2008
sediment chemistry data; in every reach of the river, average surface sediment concentrations for total
PAHs, total PCBs, Hg, and Pb are lower than average subsurface concentrations for each respective
chemical. Thus, sedimentation and physical processes can lead to reductions in the toxicity, mobility, and
volume of biologically available chemicals in surface sediment.

14

The NYS Draft SVGs and PECs typically used by the USEPA for arsenic, chromium, copper, benzo(a)pyrene,
benzo(a)anthracene, DDT, and gamma chlordane have not undergone critical, site-specific analysis, comparable to the methods
used for total PAHs, total PCBs, Pb, and Hg, to develop site-specific RGs for each of these chemicals. The decision to focus on
total PAHs, total PCBs, Pb, and Hg as target chemicals was based on the understanding that by addressing these target
chemicals, this FS also would address the additional COCs.
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MNR differs from the No Action alternative by including long-term monitoring. Such monitoring is used
to determine the continuation of natural processes that result in reduced toxicity, mobility, and volume of
COCs as well as the absence of unacceptable risks to human health and the environment.

6.5.3 Remedy Alternative 3
Remedy Alternative 3 targets the removal of the entire volume of sediment with PAH concentrations
>1 TU in the Buffalo River AOC and achieves surface sediment SWAC RGs for PCBs, Pb, and Hg. The
resulting SWACs for the four COCs as a result of Remedy Alternative 3 are presented in Table 6-2b. As
shown in this table, the SWACs for each chemical along each reach of the river are below the chemical
RGs developed for the Buffalo River AOC, as outlined in Section 3.2. Thus, Remedy Alternative 3
reduces the long-term toxicity and mobility associated with elevated concentrations of the four indicator
chemicals in sediments.
Remedy Alternative 3 reduces the long-term mobility of contaminated sediments by targeting the removal
of all sediments with total PAH concentrations >1 TU and surface sediment SWAC RGs for PCBs, Pb,
and Hg. Although the in situ volume of contaminated sediment is reduced, short-term increases in
mobility and toxicity can result from Remedy Alternative 3 via dredge materials management.
Approximately 1.75 million CY of sediment would be removed from the Buffalo River AOC as part of
Remedy Alternative 3, contributing to the reduced volume of contaminated sediment in the AOC. The
estimated mass of COCs (total PAHs, Pb, Hg, and total PCBs) removed from the Buffalo River AOC is
provided in Table 6-3b.

6.5.4 Remedy Alternative 4
Remedy Alternative 4 targets the removal of all sediments from areas with surface sediment
concentrations with total PAH concentrations >1 TU, thus removing the highest concentrations from the
biologically active zone, and will acheive SWAC RGs for PCBs, Pb, and Hg. The resulting SWAC for
the four COCs as a result of Remedy Alternative 4 are presented in Table 6-2c. Similar to Remedy
Alternative 3, the post-Remedy Alternative 4 SWACs for each chemical, along each reach of the river, are
well below the site-specific RGs developed for the Buffalo River AOC. Thus, Remedy Alternative 4
achieves a reduction in the long-term toxicity and mobility associated with elevated concentrations of the
four indicator chemicals in sediments.
By targeting sediments in areas with total PAH concentrations >1 TU in surface sediment and SWAC
RGs for PCBs, Pb, and Hg, Remedy Alternative 4 reduces the potential for mobility by removing
contaminated sediments that are most susceptible to exposure and transport. Buried contaminated
sediments are generally stable and not likely subject to resuspension, as demonstrated by the highly
depositional nature of the Buffalo River AOC and the low velocities and bottom shear stresses throughout
the AOC during low to moderate flow conditions. Even during high 100-yr flow events intervals, in
isolated areas susceptible to scour the net depth of sediment scour is expected to be less than 1 ft.
Approximately 640,000 CY of sediment will be removed from the Buffalo River AOC as part of Remedy
Alternative 4, contributing to the reduced volume of contaminated sediment in the AOC. The estimated
mass of COCs (total PAHs, Pb, Hg, and total PCBs) removed from the Buffalo River AOC is provided in
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Table 6-3c. Remedy Alternative 4 greatly reduces the volume of sediment requiring dredging, compared
to Remedy Alternative 3, and thus reduces the short-term risks associated with contaminant toxicity and
mobility that can result from offsite transport and potential sediment spills during dredging and dredge
materials management.

6.5.5 Remedy Alternative 5
Similar to Remedy Alternative 4, Remedy Alternative 5 targets the site-specific RG of 1 TU for total
PAHs across surface sediments and SWAC RGs for Pb, Hg, and total PCB, but also targets the removal
sediments with elevated point concentrations of the four indicator chemicals at depths of 0–4 ft. The
resulting SWAC for the four COCs as a result of Remedy Alternative 5 are presented in Table 6-2d.
Similar to Remedy Alternatives 3 and 4, the post-Remedy Alternative 5 SWACs are below the chemical
RGs developed for the Buffalo River AOC, and thus, Remedy Alternative 5 achieves a reduction in the
long-term toxicity and mobility associated with elevated concentrations of the four indicator chemicals in
sediments. The decrease in SWACs for each chemical as a result of Remedy Alternative 5 compared to
Remedy Alternative 4 is minimal despite the additional removal of 180,000 CY of sediment. This is
because the additional sediment volume removed as part of Remedy Alternative 5 targets elevated
chemical concentrations in the subsurface, which do not necessarily contribute to elevated surface
sediment concentrations and corresponding SWAC values, thus resulting in minimal reduction in the
SWACs for each chemical.
NYSDEC, a member of the Buffalo River PCT, requested that post-Remedy Alternative 5 SWACs also
be calculated based on one-third mile SWAC areas divided longitudinally by the left bank, right bank,
and navigation channel. The results of this additional SWAC analysis are presented in Appendix C. In
summary, when SWACs are calculated based on a 1/3-mile SWAC areas, divided longitudinally by the
left bank, right bank and navigation channel, only three of the 192 SWAC areas are estimated to exceed
the SWAC RGs under post-Remedy Alternative 5 conditions. Two of these three areas will be resampled
prior to finalizing the Remedy Alternative 5 footprint, and the third area exceeded the SWAC RG by only
0.01 mg/kg. The results of this analysis demonstrated that calculating SWACs across of the Buffalo
River and City Ship Canal does not dilute elevated surface sediment chemical concentrations along the
banks.
By primarily targeting sediments in areas with total PAH concentrations >1 TU at the surface, and by
targeting areas that exceed the SWAC RGs for total PCBs, Pb, and Hg, Remedy Alternative 5 reduces the
potential for mobility by removing contaminated sediments that are most susceptible to resuspension.
Buried residual sediment contaminants are generally stable and not likely subject to resuspension, as
demonstrated by the highly depositional nature of the Buffalo River AOC and the low velocities and
bottom shear stresses throughout the AOC during low to moderate flow conditions. Even during high
100-yr flow events intervals, in isolated areas susceptible to scour the net depth of sediment scour is
expected to be less than 1 ft.
The vertical distributions of total PAH, Pb, Hg, and total PCB sediment concentrations expected
following the implementation of Remedy Alternative 5 are provided in Figures 6-2a through 6-2d for the
Buffalo River and Figures 6-3a through 6-3d for the City Ship Canal. Samples expected to be left in
place following the implementation of Remedy Alternative 5 are designated by open circles. Areas
targeted for remediation through dredging or capping per Remedy Alternative 5 are shaded in gray and
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the samples within these areas are marked with an “X”. Areas of the AOC that are targeting for
resampling per Remedy Alternative 5 are shaded in green. Vertical profiles for the Buffalo River are
divided into three longitudinal river segments, the federally-defined navigation channel, the right bank of
the navigation channel (looking downstream), and the left bank of the navigation channel. The vertical
sediment concentration profiles of the City Ship Canal are provided for the east and west side of the
canal. As shown in Figures 6-2 and 6-3, following the implementation of Remedy Alternative 5 chemical
concentrations at the surface do not exceed the RGs and the majority of elevated concentrations in the
subsurface are removed.
The target removal of maximum residual concentrations in Remedy Alternative 5 results in an additional
180,000 CY of sediment targeted for removal as compared to Remedy Alternative 4, resulting in a greater
volume of mass removal compared to Remedy Alternative 4. The estimated mass of indicator chemicals
(total PAHs, Pb, Hg, and total PCBs) removed from the Buffalo River AOC is provided in Table 6-3d.
Similar to Remedy Alternatives 3 and 4, there are short-term risks associated with Remedy Alternative 5
that result from dredging, including an increase in contaminant toxicity and mobility via sediment offsite
transport and potential sediment spills during dredging and dredge materials management. However, by
targeting total PAH concentrations >1 TU in surface sediment, SWAC RGs for total PCB, Pb, and Hg,
and elevated chemical concentrations at depths to 4 ft, Remedy Alternative 5 greatly reduces the volume
of sediment requiring dredging, and thus the associated risks, compared to Remedy Alternative 3. In turn,
the increase in dredge volume for Remedy Alternative 5, compared to Remedy Alternative 4, increases
these short-term risks accordingly.

6.6 Implementability
Implementability encompasses both the technical and administrative feasibility of implementing a
remedial alternative. It incorporates an evaluation of the technical difficulties associated with
construction and operation of the remediation system, the reliability of the selected technologies, the
ability to implement all facets of the remedial alternative, and challenges associated with process options
that support each remedy, such as treatment, storage and disposal services, transportation, and equipment
availability. The administrative feasibility of a remedy alternative or technology includes an assessment
of the ability to obtain necessary permits and the impact of state and local regulations.
Examples of physical constraints that affect the remedial alternative implementability include:


Accessibility



Shoreline conditions and shoreline stability



Cross-channel utilities and roadway or rail bridges



River geometry and hydrodynamics



Site topography and bathymetry



Water depths and depths of sediment contamination
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Thickness and geotechnical properties of the sediments



Types and quantity of submerged debris



Available CDF capacity



Available transportation and disposal routes



Current and anticipated uses of the river

6.6.1 Remedy Alternative 1
There are no implementability constraints nor for the No Action alternative because no remedial action is
taken. The No Action remedy is readily implementable.

6.6.2 Remedy Alternative 2
There are no apparent implementability constraints for Remedy Alternative 2. MNR can be most
effective in areas where physical constraints (e.g., accessibility, shoreline conditions, cross-channel
utilities and bridges, shallow water depths) limit the implementability of other alternatives. Outside the
navigational channel, boat access would be necessary for monitoring purposes, but would involve use of a
contractor in the same manner as for the previously completed site investigations. A long-term
monitoring plan would be developed with agency approval, to confirm recovery predictions. The
monitoring frequency is such that pre-established access or routine maintenance of access would not be
necessary. Monitoring contingency actions can be established to respond readily to changes in baseline
conditions, particularly in the unlikely event that chemical concentrations increase to unacceptable levels;
such actions should begin with increased monitoring to verify the change, data evaluation, and
development of an appropriate response, as needed.

6.6.3 Remedy Alternative 3
Sediment dredging, whether hydraulic or mechanical, is a proven technology that has been implemented
at other sites and can be implemented at the Buffalo River. However, the removal, transportation, offloading, management and disposal of 1,750,000 CY of contaminated sediment material under Remedy
Alternative 3 presents implementation challenges. As shown in Figure 6-4a, over two thirds of the area to
be dredged under Alternative 3 adjoins rigid bulkheads or structures (i.e., stone sloped shores, boat docks,
capped piles or walls, and uncapped piles or walls) for which little to no design information is available to
assess their structural integrity under the proposed dredging scenario. Remedy design would consider the
presence of these structures, and appropriate off-sets from the shoreline would be established to allow
existing sediment that maintains shoreline integrity to remain in place. The presence of these structures,
as well as bridge abutments and piers, limits dredging implementability in these areas.
Remedy Alternative 3 would impose significant strains on the existing CDF, which according to the
USACE has a total remaining air space of 2.2 million CY. Implementation of Remedy Alternative 3
would consume approximately 80% of the available CDF capacity. Considering timing restrictions for
dredging (January through June), bird nesting restrictions on the use of the CDF (March through July)
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and freezing of the river (typically December to January), implementation would require construction
over multiple years (approximately five years is estimated).
Barge access and maneuverability would have to be evaluated at the remedy design phase, but may
present unique implementability challenges given boat traffic in most of the Buffalo River and the
presence of eight bridges across the remedial area (Skyway, Michigan Street, Ohio Street, South Park
Avenue, and four railroad bridges).
Areas that are periodically dredged by the USACE as part of the maintenance of the navigational channel
are not expected to encounter large amounts of buried debris. However, approximately 65% of the
sediment volume targeted in Remedy Alternative 3 would originate from areas not typically dredged by
the USACE, where potentially large amounts of debris may be encountered. Debris would need to be
removed during dredging, either as dredging is ongoing or as part of a separate debris removal operation.
Alternatively, if debris is not actively removed before or concurrent with dredging, debris will likely
interfere with dredging activities by obstructing proper bucket closure, loosening and resuspending
bedded sediment, dragging along the sediment, and releasing sediment through the water column during
sediment collection.
Sediment would be transported to and placed in CDF No. 4. Debris removal/segregation can take place
within the upland areas of the CDF and the materials could either be disposed at the CDF or off-site.
Since sediments would not be disposed off-site, dewatering is not required. Otherwise, dewatering and
solidification requirements would significantly increase dredging complexity and cost. Should the CDF
not be available for placement of the sediments, offsite transport and associated community and
environmental risks would need to be evaluated.
The potential impact of dredge remedies on flooding within the Buffalo River AOC and at locations
upstream of the AOC was evaluated under post-dredge conditions using the EFDC model. In all cases,
dredging resulted in localized reductions in velocities under flood conditions, and had only minimal
influence on the elevation of floodwaters. In cases where changes in floodwater elevation were
observable, the effect of dredging was to decrease floodwater elevation.

6.6.4 Remedy Alternative 4
Similar to Alternative 3, sediment dredging can be implemented at the Buffalo River, with similar
impediments resulting from the existing shoreline conditions. However, the removal, transportation, offloading, management and disposal of 640,000 CY of contaminated sediment material under Remedy
Alternative 4 (~35% of the volume targeted for Remedy Alternative 3) would have a substantially lower
impact on the river, local communities, and the capacity of the existing CDF.
As shown in Figure 6-4b, almost half of the area to be dredged under Alternative 4 abut bulkheads or
other shoreline structures (i.e., stone armored shoreline, boat docks, capped piles or walls, and uncapped
piles or walls) for which little to no design information is available to assess their structural integrity
under the proposed dredging scenario. Dredge design would consider the presence of these structures,
and appropriate off-sets from the shoreline would be established to allow existing sediment that maintains
shoreline integrity to remain in place. As such, the presence of these structures may limit the
implementability of dredging in these areas.
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Implementation of Remedy Alternative 4 would consume approximately 30% of the total remaining air
space of the CDF (2.2 million CY). Considering that the CDF was designed specifically to accommodate
materials from the Buffalo River and Harbor, implementation of Remedy Alternative 4 is considered
viable with respect to its impact on the CDF. Considering timing restrictions for dredging (January
through June), bird nesting restrictions on the use of the CDF (March through July) and freezing of the
river (typically December to January) implementation would require construction over multiple years
(approximately 2.5 years is estimated).
Barge access and maneuverability would have to be evaluated at the remedy design phase, but may
present unique implementability challenges given boat traffic in most of the Buffalo River and the
presence of eight bridges across the remedial area (Skyway, Michigan Street, Ohio Street, South Park
Avenue, and four railroad bridges).
Areas that are periodically dredged by the USACE as part of the maintenance of the navigational channel
are not expected to encounter large amounts of buried debris. However, approximately 75% of the
sediment volume targeted for removal in Remedy Alternative 4 would originate from areas not typically
dredged by the USACE, where potentially large amounts of debris may be encountered. Debris would
need to be removed during dredging, either as dredging is ongoing or as part of a separate debris removal
operation.
Sediment would be transported to CDF No.4, where it would either be unloaded directly into the open
water of the CDF or placed within the upland areas of the CDF with additional confinement. Debris
removal/segregation can take place within the upland areas of the CDF and the materials could either be
disposed at the CDF or off-site. Since sediments would not be disposed off-site, dewatering would not be
required. Otherwise, dewatering and solidification requirements would significantly increase dredging
complexity. Should the CDF not be available for placement of the sediments, offsite transport and
associated community and environmental risks would need to be evaluated.

6.6.5 Remedy Alternative 5
Similar to Alternatives 3 and 4, sediment dredging can be implemented at the Buffalo River, with similar
impediments resulting from the existing shoreline conditions. Like Alternative 4, the removal,
transportation, off-loading, management and disposal of 820,000 CY of contaminated sediment material
under Remedy Alternative 5 (~47% of the volume targeted for Remedy Alternative 3) would be much
more manageable and would have a substantially lower impact on the river, local communities, and the
capacity of the existing CDF.
As shown in Figure 6-4c and comparable to Remedy Alternative 4, approximately half of the area to be
dredged under Remedy Alternative 5 adjoins rigid bulkheads or structures (i.e., stone sloped shores, boat
docks, capped piles or walls, and uncapped piles or walls) for which little to no design information is
available to assess their structural integrity under the proposed dredging scenario. Dredging near these
structures, as well as bridge abutments and piers, may compromise their structural integrity. Appropriate
off-sets from the shoreline may be required to allow existing sediment that maintains shoreline integrity
to remain in place. These options will be resolved at the remedy design phase.
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Implementation of Remedy Alternative 5 would also consume approximately 37% of the total remaining
air space of the CDF (2.2 million CY). However, its impact would be significantly lower than that of
Alternative 3, which would consume approximately 80% of the available CDF capacity. Considering that
the CDF was designed specifically to accommodate materials from the Buffalo River and Harbor,
implementation of Remedy Alternative 5 is considered viable with respect to its impact on the CDF.
Considering timing restrictions for dredging (January through June), bird nesting restrictions on the use of
the CDF (March through July) and freezing of the river (typically December to January) implementation
would require construction over multiple years (approximately three years is estimated).
Barge access and maneuverability would have to be evaluated at the remedy design phase, but may
present unique implementability challenges given boat traffic in most of the Buffalo River and the
presence of eight bridges across the remedial area (Skyway, Michigan Street, Ohio Street, South Park
Avenue, and four railroad bridges).
Areas that are periodically dredged by the USACE as part of the maintenance of the navigational channel
are not expected to encounter large amounts of buried debris. However, approximately 75% of the
sediment volume targeted for removal in Remedy Alternative 5 would originate from areas not typically
dredged by the USACE where potentially large amounts of debris may be encountered. Debris would
need to be removed during dredging, either as dredging is ongoing or as part of a separate debris removal
operation.
Sediment would be transported to CDF No.4, where it would either be unloaded directly into the open
water of the CDF or placed within the upland areas of the CDF with additional confinement. Debris
removal/segregation can take place within the upland areas of the CDF and the materials could either be
disposed at the CDF or off-site. Since sediments would not be disposed off-site, dewatering would not be
required. Otherwise, dewatering and solidification requirements would significantly increase dredging
complexity. Should the CDF not be available for placement of the sediments, offsite transport and
associated community and environmental risks would need to be evaluated.

6.7 Cost
Costs are calculated as present-value-worth costs for comparison of alternatives. The discount rate
selected for the net-present-worth calculations is 7%. The costs of each alternative are estimated with as
much accuracy as possible for capital and O&M. O&M costs were estimated for a 10-year period,
discounted to a net present value (NPV) in 2009 dollars. The overall cost for each alternative is the sum
of the capital and discounted annual costs. The discounted costs were calculated based on the NPV
methods described in the USEPA guidance document, A Guide to Developing and Documenting Cost
Estimates During the Feasibility Study (USEPA 2000b). The discount rate selected for the net present
worth calculations is 7%. The cost estimates provided have an accuracy of +50 % to –30 %, in
compliance with USEPA guidance (USEPA 1988).
Cost estimate details are provided in Appendix E, which also identifies references for unit costs and
assumptions used to develop the cost estimates, including monitoring requirements. Although considered
reasonable to provide sufficient detail to compare technology costs, monitoring assumptions
(e.g., quantities, frequencies, and durations) are not intended to be prescriptive for the various remedies.
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Remedy costs are summarized in Table 6-4. Besides the No Action alternative, Remedy Alternative 2 has
the lowest present worth cost of approximately $2.5 million. Remedy Alternative 3 has the highest
present worth cost of $73.8 million. The present worth cost of Remedy Alternative 4 and 5 are
$31.8 million and $38.7 million, respectively. The $73.8 million estimate for Remedy Alternative 3 is
approximately 1.9 to 2.3 times more expensive than Remedy Alternatives 4 and 5, respectively.

6.8 State Acceptance
This criterion evaluates the issues and concerns that state agencies may have regarding each sediment
remedy alternative. As a member of the Buffalo River GLLA PCT, NYSDEC has participated in and has
been involved with the various tasks and decisions that have been incorporated into the development of
the Remedy Alternatives outlined in this FS. These tasks include:


Development and review of the RAOs for the Buffalo River AOC



Development and review of the site-specific RGs for the Buffalo River AOC



Development and implementation of the Remedial Investigation



Review of the SRIR, which presents the results from the 2008 field investigation, and summarizes
these results in the context of historical studies conducted on the Buffalo River AOC



Preliminary review of the Remedy Alternatives presented in this FS

The Remedy Alternatives outlined in this FS aim to provide a balance, to varying degrees, of remediating
contaminated sediments that may pose a risk to human health and the environment, and preserving
existing habitat and ecological communities within the Buffalo River AOC, both of which are important
criteria to NYSDEC. As a member of the Buffalo River AOC GLLA PCT, NYSDEC will continue to
participate in the review and evaluation of the Remedy Alternatives presented in this FS, and in the
selection of the most appropriate sediment remedy for the Buffalo River AOC.

6.9 Community Acceptance
This criterion addresses the issues and concerns the general public may have regarding each sediment
remedy alternative. BNR, a community based organization whose predecessor was formed by local
citizens in the 1980s, is a party to the GLLA Buffalo River Project Agreement, is a member of the PCT,
and serves as the Remedial Action Plan coordinator for the Buffalo River AOC. As member of the
Buffalo River GLLA PCT, BNR serves as a representative of community interests and concerns with
regards to the selection of a sediment remedy, and has played a central role in the various tasks and
decisions that have incorporated in the development of the Remedy Alternatives outlined in this FS.
These tasks include:


Development and review of the RAOs for the Buffalo River AOC



Development and review of the site-specific RGs for the Buffalo River AOC
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Development and implementation of the Remedial Investigation



Review of the SRIR, which presents the results from the 2008 field investigation, and summarizes
these results in the context of historical studies conducted on the Buffalo River AOC



Preliminary review of the Remedy Alternatives presented in this FS

Effects of remedy implementation on the community include safety issues associated with
implementation, which could restrict use of areas in the vicinity of the remediation, and the generation of
odors, construction noise, and diesel emissions during remedy implementation. As a member of the
Buffalo River AOC GLLA PCT, BNR will continue to participate in the review of the Remedy
Alternatives presented in this FS, and in the selection of the most appropriate sediment remedy for the
Buffalo River AOC. The PCT has received input, and will continue to seek input, from other community
organizations and from local government. The FS also will undergo public review before being
finalized.

6.9.1 Remedy Alternative 1
This alternative would have no short-term community impacts or increased risks to the community due to
onsite construction and remediation operations, accidents or spills of site-related materials, or
transportation. No community short-term impacts such as noise or odors are anticipated. However,
chemical concentrations for sediments left in place will not be monitored, thus providing no assurance
that risks to human health and the environment are reduced over time.

6.9.2 Remedy Alternative 2
This alternative would have no short-term community impacts or increased risks to the community due to
onsite construction and remediation operations, accidents or spills of site-related materials, or
transportation. No community short-term impacts such as noise or odors are anticipated. Routine
monitoring and sampling would be required as part of Remedy Alternative 2, but monitoring is not
expected to negatively impact the community.
Community education programs can lead to increased understanding and acceptance of MNR as an in situ
remedy, particularly regarding the low risks associated with chemical concentrations in the surface
sediment, and the ongoing natural processes that will continue to reduce risk.

6.9.3 Remedy Alternative 3
Although property surrounding the Buffalo River AOC is predominantly commercial and industrial,
dredging-related activities in Remedy Alternative 3 like sediment excavation, handling, offsite
transportation, and disposal may increase short-term impacts to the community through construction
noise, odors, and diesel emissions. Such community impacts must be considered for Remedy
Alternative 3, due to the large volume of sediment targeted for removal and the 5-year duration of remedy
construction. The larger volume of buried sediment removed for Remedy Alternative 3 does not appear
to provide a proportionate reduction in risk compared to Remedy Alternatives 4 and 5, as the surface
sediment PAH RG and SWAC RGs for PCBs, Pb, and Hg are met in these two lower-volume dredge
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remedy alternatives. Public education is necessary to support a dredging remedy, to inform the public,
adjacent businesses, and other stakeholders of the physical and visual impacts of dredging on the river
environment and adjoining communities.

6.9.4 Remedy Alternative 4
Similar to the other dredge remedies, Remedy Alternative 4 increases negative short-term community
impacts, as compared to No Action and MNR, through construction noise, odors, and diesel emissions
generated from remedy implementation. However, by targeting surface sediments to establish sediment
removal volumes and achieve site specific RGs and RAO goals, Remedy Alternative 4 substantially
reduces the volume and construction impacts associated with sediment removal compared to Remedy
Alternative 3, while achieving comparable levels of human and ecological risk reduction. The reduction
in dredge volume decreases the short-term impacts to the community by reducing the length of time
required to complete the remediation (approximately 2.5 years compared to 5 years for Remedy
Alternative 3), and still provides significant reduction in risk by meeting the PAH RG of 1 TU in surface
sediments and SWAC RGs for total PCBs, lead, and mercury. Public education is necessary to support a
dredging remedy, to inform the public, adjacent businesses, and other stakeholders of the physical and
visual impacts of dredging on the river environment and adjoining communities.

6.9.5 Remedy Alternative 5
Similar to the other dredge remedies, Remedy Alternative 5 increases negative short-term community
impacts, as compared to No Action and MNR, through construction noise, odors, and diesel emissions
generated from remedy implementation. However, similar to Remedy Alternative 4, Remedy Alternative
5 reduces these short term risks by focusing on the removal of surface sediments, resulting in a much
smaller volume of sediments targeted for removal compared to Remedy Alternative 3, while achieving
comparable levels of human and ecological risk reduction. The removal of elevated sediment
concentrations at depths of 0–4 ft included in Remedy Alternative 5 results in 28% more volume for
removal compared to Remedy Alternative 4, and increases the estimated time for construction to 3 years.
The additional dredge volume leads to an increase in short-term community impacts due to the increase in
time required to complete remedy implementation, but achieves greater mass removal by targeting
elevated concentrations at depths at 0–4 ft remaining after Remedy Alternative 4, and thus achieves
greater long-term risk reduction. Public education is necessary to support a dredging remedy, to inform
the public, adjacent businesses, and other stakeholders of the physical and visual impacts of dredging on
the river environment and adjoining communities.
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