Final Programmatic Environmental Impact Statement
for Dredged Material Management Plan

Long Island Sound
Connecticut, New York and

Maintenance Dredging Volumes Summary
2 Chart Sze Proporbonal

aimum 4,205 b3 cudIC yands
[ ] Corps Projects
] Mon-Federal Facilities
-
Other Federal Facilities
CT Community within Study Area
MY Community within Stucly Area
RI Community within Study Area

Eridgeport Area

aaaaaaaaaa

Hempstead Harbor

Manhasset & Little Neck
b Bays

?hode Island

aaaaaaaaaaaa

llllllllllllll

3 Huntington & Morthport Bay Area
Qyster Bay/Cold Spring
Harbor Area

jantic

US ARMY CORPS
OF ENGINEERS
New England District

December 2015






FINAL
PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT
LONG ISLAND SOUND
DREDGED MATERIAL MANAGEMENT PLAN
CONNECTICUT, NEW YORK AND RHODE ISLAND

Malnrenance I:redglng Volumes Summary
Chart Sze Proporhonal
to Total Dr ‘olume: £
Mirirmur it ya
‘.'1::<|rr m 4,225 831 cubic yards !
) / {
e [ | Corps Projects
(. _ " /
\/\_/ [:l HofiFacdaesl Fasibie: Connecticut River
[ other Federal Facilinas Area New London
CT Community within Study Area P ia
. o .

NY Community within Study Area K ST TR,
RI Community within Study Area

A Miantie
Bridgeport Area

hFaa] Fishers |sland Sound/
. Little Narragansett Bay

j Area
Area - { Lo
NDI’W:IlRF\I:a N -
Block Island
ort Chester!

Fishers /
Island ( Ard o\.
Rye Area Greenwlich Area f.-"

\? ./l/[j Montauk
Suffolk County
Narth Shore Area
( = T )
\n Great & Little

Stamford Area

Ma maroneck Areal .\\*

3 Port Jefferson/Mount Sinai
Hew Rochelle A
il s \ .\C:I Smithtown Bay/Stony Brook

Huntington & Nerthport Bay Area
Oyster Bay/Cold Spring
Hemp tead Harbor Harbor Area

Area

AT
Shelter Island/

_ ./ Gardiner's Bay
" Peconic Bays

\ )

Manhasset & Little Meck
Bays

Prepared by:

Batielle

The Business of Innovation

Prepared for: U.S. Army Corps of Engineers
New England District

DECEMBER 2015






LONG ISLAND SOUND
FINAL PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT
December 2015

Lead Agency
U.S. Army Corps of Engineers-New England District
696 Virginia Road
Concord, MA 01742

Abstract: In accordance with the National Environmental Policy Act (NEPA) and the U.S.
Army Corps of Engineers (USACE) regulations for implementing NEPA, a Final Programmatic
Environmental Impact Statement (PEIS) has been prepared as part of the Long Island Sound
Dredged Material Management Plan (DMMP) Study. To facilitate safe navigation and marine
commerce in Connecticut, New York, and Rhode Island rivers, harbors, and coastal areas
throughout the Long Island Sound region, dredging activities and subsequent management of the
dredged material must be conducted to maintain and periodically improve Federally authorized
channel depths and widths. Navigation projects undertaken by the USACE produce most of the
dredged material generated in Long Island Sound every year. Other Federal agencies, including
the U.S. Navy and U.S. Coast Guard, also periodically generate dredged materials from the
maintenance and improvement of their facilities in this region. Under USACE Engineer
Regulation 1105-2-100, the USACE is responsible for developing a DMMP for USACE
Navigation Projects where there is an indication of existing insufficient placement capacity to
accommodate maintenance dredging for at least the next 20 years. The USACE conducted a
Preliminary Assessment, approved in June 2006, to document the need for a comprehensive
DMMP for the Long Island Sound region. In addition, because of the extensive area covered,
and because of the funds and time needed to develop a comprehensive DMMP, it was
determined that it would be more appropriate to extend the planning period to 30 years.

This Final PEIS describes the existing environment and assesses the impacts of available or
potentially developable dredged material management alternatives for the USACE’s DMMP for
Long Island Sound. Potential placement alternatives evaluated in the Final PEIS include open-
water placement, confined placement (in-harbor confined aquatic disposal (CAD); island,
shoreline, and upland confined disposal facilities (CDFs); and landfill placement), beneficial use
(nearshore berms, beach nourishment, landfill cover, brownfields and other redevelopment,
habitat restoration, and other applications), and innovative treatment. By following a
programmatic approach to assessing these impacts, decision makers will be able to evaluate
different dredged material placement options with full knowledge of potential environmental
consequences. The Final PEIS is an umbrella document that considers generic impacts of
options. In the future, as specific alternatives are pursued to implement a given management
option, specific project- and alternative-focused NEPA documents, building on information
presented in this Final PEIS, will be prepared to address implementation of a given option at a
specific location. Also at that time, any needed approvals and permits would be acquired for the
specific project. As NEPA regulations require agencies to identify the agency’s preferred
alternative or alternatives in the final EIS (40 CFR 1502.14(e)), the USACE preferred alternative
is to implement the recommendations of the DMMP.

Questions concerning the Final PEIS should be sent to Ms. Meghan Quinn at the U.S. Army Corps
of Engineers, New England District, 696 Virginia Road Concord, Massachusetts 01742. Ms.
Quinn can be reached via phone at (978) 318-8179.
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EXECUTIVE SUMMARY

INTRODUCTION

To facilitate safe navigation and marine commerce in Connecticut, New York, and Rhode
Island rivers, harbors, and coastal areas throughout the Long Island Sound region,
dredging activities and subsequent management of the dredged material must be
conducted to maintain and periodically improve Federally authorized channel depths and
widths. Records of dredging activities in the Long Island Sound area extend back to the
1870s, with most of the material being transported to open-water dredged material
placement sites in Long Island Sound. Navigation projects led by the U.S. Army Corps
of Engineers (USACE) (referred to as USACE or Federal Navigation Projects - FNP)
produce most of the dredged material generated in Long Island Sound every year. Other
Federal agencies, including the U.S. Navy and U.S. Coast Guard, also periodically
generate dredged materials from the maintenance and improvement of their facilities in
this region.

This Programmatic Environmental Impact Statement (PEIS) describes the existing
environment and assesses the impacts of available or potentially developable dredged
material management alternatives for the USACE’s Dredged Material Management Plan
(DMMP) for Long Island Sound.

The Long Island Sound DMMP study area encompasses the State of Connecticut;
Washington County, Rhode Island; and Suffolk, Nassau, Queens, Kings (Brooklyn), New
York (Manhattan), Bronx, and Westchester Counties in New York (Figure ES-1). The
study area also includes all of the coastal and navigable tributary waters from Montauk
Point, New York, west across northern Long Island to the East River at Throgs Neck, and
then east through New York and Connecticut to the southern coast of Rhode Island, and
southwest across to Montauk Point, New York. All navigable rivers, harbors, and coastal
waters on Long Island Sound proper in Connecticut and New York east of Throgs Neck
to a line drawn from Westerly, Rhode Island, south to Montauk Point are encompassed,
including the waters of the Peconic Bay and Gardiners Bay shorelines in New York; the
Fishers Island Sound shores of Connecticut, New York, and Rhode Island; and the Block
Island Sound shores of New York and Rhode Island to the area’s eastern boundary. The
study area does not include New York Harbor itself, but it does include USACE New
York District projects east of Throgs Neck to Montauk Point. The Connecticut River
below the Hartford navigation project is included, as is the Thames River to Norwich,
Housatonic River to Derby, and the Peconic River to Riverhead, New York. The waters
of Block Island Sound east of Montauk Point to Block Island and Point Judith are
included to the extent that they produce dredged material that may be managed in the
region, or provide opportunities to beneficially use dredged material.
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Figure ES-1. Overview of Long Island Sound Study Area.

The Long Island Sound Dredged Material Management Plan

Under USACE Engineer Regulation 1105-2-100, the USACE is responsible for
developing a DMMP for USACE Navigation Projects where there is an indication of
existing insufficient placement capacity to accommodate maintenance dredging for at
least the next 20 years. The USACE conducted a Preliminary Assessment to document
the need for a comprehensive DMMP for the Long Island Sound region. The Preliminary
Assessment was completed and approved by the USACE in June 2006. In addition,
because of the extensive area covered, and because of the funds and time needed to
develop a comprehensive DMMP, it was determined that it would be more appropriate to

extend the planning period to 30 years.

The Long Island Sound DMMP is an important milestone in the ongoing regional effort
to develop a comprehensive plan for dredged material management in Long Island
Sound. The purpose of the DMMP is to ensure that dredging needs for USACE
Navigation Projects are met and that proper planning may, over time and where
practicable, reduce or eliminate the need for open-water placement in the Sound. The
Long Island Sound DMMP will identify, evaluate, and recommend, where possible,
practicable dredged material management alternatives through a broad-based public
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process that protects the environment based on best scientific data and analysis, while
meeting society's need for safe and economically viable navigation for water-based
commerce, transportation, national security, and other public purposes. USACE DMMPs
are usually for a single navigation project or for USACE Navigation Projects that are
interrelated (e.g., projects in close proximity or common placement areas used) or are
economically complementary. However, at the request of the States of Connecticut and
New York, a single DMMP encompassing the entire group of dredging projects within
Long Island Sound is being prepared to meet the management needs of USACE
Navigation Projects, as well as navigation projects for other Federal agencies, in the
Sound.

Programmatic Environmental Impact Statement for the Long Island Sound Dredged
Material Management Plan

To comply with the National Environmental Policy Act (NEPA), the USACE prepared
this PEIS in conjunction with the Long Island Sound DMMP and provided opportunities
for public participation. The USACE published the Notice of Intent to develop this PEIS
in the Federal Register on August 31, 2007 (72 FR 50332). The specific objective of this
PEIS was to evaluate the environmental, economic, socioeconomic, and cumulative
impacts of the alternative sites identified in the DMMP with respect to the environment
of Long Island Sound region and its tributaries, and provide suggestions for mitigation of
the impacts.

Potential placement alternatives evaluated in the PEIS (Section 3.0) include open-water
placement, confined placement (in-harbor confined aquatic disposal (CAD); island,
shoreline, and upland confined disposal facilities (CDFs); and landfill placement),
beneficial use (nearshore berms, beach nourishment, landfill cover, brownfields and other
redevelopment, habitat restoration and other applications), and innovative treatment.

By following a programmatic approach to assessing these impacts, decision makers will
be able to evaluate different dredged material placement options using the PEIS to help
guide future NEPA reviews and permitting considerations where site specific impact
characterization is likely to be necessary to inform decisions regarding implementation of
any given disposal option for a project. The PEIS is an umbrella document that considers
generic impacts of options. In the future, as specific alternatives are pursued to
implement a given management option, specific project- and alternative-focused NEPA
documents, utilizing information presented in this PEIS, will be prepared to address
implementation of a given option at a specific location. Also at that time, any needed
permits will be acquired for the specific project.

This PEIS was prepared concurrently with the preparation of the DMMP. It was
prepared in accordance with NEPA, Council on Environmental Quality regulations (40
CFR 1500 et seq.), and USACE regulations for implementing NEPA (33 CFR Part 230).
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PURPOSE AND NEED

The need for a comprehensive DMMP for the Long Island Sound region was
recommended in the Preliminary Assessment based on the anticipated volume of dredged
material to be generated in Long Island Sound, the lack of existing placement sites to
manage those volumes, the request by the Governors of New York and Connecticut for
the development of a Long Island Sound DMMP, and use restrictions placed on the
designation of two of the open water placement sites (Western Long Island Sound
Disposal Site [WLDS] and Central Long Island Sound Disposal Site [CLDS]) (40 CFR
228.15(0)(4)(vi)(D)*) by the U.S. Environmental Protection Agency (EPA) in June 2005.
The Preliminary Assessment concluded that successful completion of a Long Island
Sound DMMP s critical to the USACE’s ability to maintain the region’s Civil Works
navigation projects and provide future navigation improvements to the system of Federal
waterways in the Long Island Sound region. Analysis of the economic contribution of
navigation-dependent facilities indicated that future maintenance of most of Long Island
Sound’s USACE Navigation Projects is likely warranted, and that such maintenance is in
the Federal interest when examined on a project-by-project basis. Appropriate future
cost-effective management methods and capacities must be identified to serve both
Federal and non-Federal project needs in this region for the long-term health of the
region’s economy and environment.

A dredging needs study conducted by the USACE in 2009 for the Long Island Sound and
its tributaries examined past dredging activities, quantities, and dredging cycles. Future
dredging/placement needs were estimated based on the review of historic information and
on information collected as part of a questionnaire sent to navigation-dependent facilities
identified within the study area. During preparation of the draft DMMP in 2014-2015, it
was recognized that (1) a significant volume of dredging work had occurred in the Long
Island Sound region since 2009 including the work done in the wake of Hurricane Sandy,
(2) that the 2009 report had not differentiated the types of dredged material in developing
its dredging needs timeline, (3) that a number of USACE Navigation Projects, including
many from NAN, and up-river/up-harbor segments of larger projects, did not have
specific data on historical or projected dredging, and (4) that some USACE Navigation
Projects with maintenance frequencies of less than 30 years did not have future
projections that included recurring dredging actions. For these reasons the information

As quoted in 40 CFR 228.15: “Except as provided in paragraphs (b)(4)(vi)(D) and (E) of this section, the
disposal of dredged material at the CLIS [also known as CLDS] and WLIS [also known as WLDS] sites
pursuant to this designation shall not be allowed beginning eight (8) years after July 5, 2005, unless a
regional dredged material management plan (DMMP) for Long Island Sound has been completed by the
North Atlantic Division of the USACE, in consultation with the State of New York, State of Connecticut
and EPA, with a goal of reducing or eliminating the disposal of dredged material in Long Island Sound,
and the EPA thereafter amends this site designation to incorporate procedures and standards that are
consistent with those recommended in the DMMP. 1. Completion of the DMMP means finishing the items
listed in the work plan (except for any ongoing long-term studies), including the identification of
alternatives to open-water disposal, and the development of procedures and standards for the use of
practicable alternatives to open-water disposal. If the completion of the DMMP does not occur within
eight years of July 5, 2005 (plus any extensions under paragraphs (b)(4)(vi)(D) and (E) of this section),
use of the sites shall be prohibited. However, if the DMMP is thereafter completed within one year,
disposal of dredged material at the sites may resume.”
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gathered from the analysis of USACE Navigation Projects and the non-Corps facility
survey was updated. Information for the USACE Navigation Projects was revised to
reflect recent activities and currently proposed efforts. This mainly involved eliminating
dredging completed from the projections, adding newly projected work to later years of
the extended DMMP timeframe, and adjusting volume estimates as described below. For

the non-Corps dredging work, large projects completed since 2009 were removed from
the projections, and dredging center-wide projections of demand were shifted over the
revised 30-year period, as was recurring maintenance at those facilities reporting such
needs in 2009. Based on the 2015 dredging needs update, a dredging needs volume of
approximately 52.7 million cubic yards (CY) is anticipated in Long Island Sound over the
30-year period (Table ES-1).

Table ES-1 Summary of Long Island Sound Dredging Needs by
Project/Facility Type

Project/Facility Type | 2015-2020 | 2021-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045 3%‘31:?
Maintenance Dredging Needs (CY)
USACE Projects 4,929,900 5,151,900 | 3,202,700 3,529,000 3,279,600 5,941,400 26,034,500
Other Federal Facilities 186,000 74,200 115,000 81,000 64,200 51,000 571,400
Non-Federal Facilities 2,939,300 2,503,900 | 1,682,600 1,631,900 1,467,800 1,551,300 11,776,800
TOTALS 8,055,200 7,730,000 | 5,000,300 5,241,900 4,811,600 7,543,700 38,382,700
Improvement Dredging Needs (CY)
USACE Projects 1,657,100 5,100,000 450,000 0 0 0 7,207,100
Other Federal Facilities 200,000 150,000 0 0 0 0 350,000
Non-Federal Facilities 4,563,000 1,703,400 426,100 70,700 95,600 91,700 6,950,500
TOTALS 6,420,100 6,953,400 876,100 70,700 95,600 91,700 14,507,600
GRAND TOTALS 14,475,300 | 14,683,400 | 5,426,400 5,312,600 4,907,200 8,085,400 52,890,300

DREDGING AND DREDGED MATERIAL CHARACTERISTICS

Periodic dredging ensures safe navigation and marine commerce in Connecticut, New
York, and western Rhode Island rivers, harbors, and coastal areas. Dredged material has
been generated from the harbors and rivers of the Long Island Sound study area for
nearly 150 years to develop and keep navigation channels open for commerce and
recreation. The characteristics of the material vary, dredging operations have evolved,
and numerous placement options and locations have been established over these years.

The material removed from the navigation channels and harbors has been placed at open-
water sites in Long Island Sound since at least the 1870s. While records of dredging
activities extend back to this time, placement methods and sites for projects were not
systematically recorded until the 1950s; however, there is evidence of continuous use of
some sites since 1941. From the 1950s through the early 1970s, about 19 open-water
placement sites were active in Long Island Sound. Since the early 1980s, dredged
material has been placed predominantly at four placement sites: WLDS, CLDS,
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Cornfield Shoals Disposal Site (CSDS), and New London Disposal Site (NLDS). These
sites were evaluated and chosen to receive dredged material pursuant to programmatic
and site-specific EISs prepared by the USACE and/or the U.S. Environmental Protection
Agency (EPA). Itis estimated that about 17 million CY of material may have been
placed at these open-water sites in Long Island Sound from 1982 to 2013.

Since 1977, the USACE, EPA, and the states have evaluated and regulated placement of
dredged material in Long Island Sound under the provisions of the Clean Water Act
(CWA), amendments to the Federal Water Pollution Control Act, and the Marine
Protection, Research and Sanctuaries Act (MPRSA). Since 1972, Federal activities and
activities of others carried out under Federal permit are subject to review by the states
under their Coastal Zone Management programs. In the late 1970s, in response to
concerns over the quality of dredged sediment and a lack of information on suspected
impacts of placement, the number of actively used placement sites in the Sound was
reduced, leading to the current system of four open-water sites by the mid-1980s. In
addition, all Federal projects of any size and all non-Federal projects placing more than
25,000 CY of dredged material into the Sound must comply with the requirements of
MPRSA. However, 40 CFR Part 228 supports the goal of eliminating or reducing open-
water placement into Long Island Sound; therefore, a wide range of dredged material
management options were identified under this PEIS.

For projects proposed under both the CWA and MPRSA, one of the first steps in the
permit application review process is for the USACE, working with the state and Federal
resource agencies and the applicant, to develop sampling and testing plans to determine
the suitability of the material placement. National and regional guidance uses physical,
chemical, and biological analyses as necessary to provide effects-based conclusions
within a tiered framework regarding potential contaminant-related impacts for
determining whether dredged material is suitable for open-water placement; beneficial
use (such as beach nourishment, marsh creation, or other aquatic habitat development);
placement at an island, nearshore, or upland CDF; use as structural fill; or any other
commercial application.

The unique nature of the regulatory requirements in Long Island Sound, specifically the
dual application of MPRSA and the CWA, results in differing regulatory approaches for
managing dredged material placements, depending on the proponent and the size of the
proposed dredging project (see the discussion in Chapter 2 on the Ambro Amendment).
Non-Federal projects seeking to place 25,000 CY of dredged material or less are not
subject to the requirements of MPRSA and are evaluated consistent with the CWA.
Materials from these smaller dredging projects that exhibit potential for adverse impacts
may sometimes still be placed in open water under CWA with proper placement
management.

Dredging centers were used to determine where the largest quantities of dredged material
would originate, as determined from information returned on a dredging needs
questionnaire. The centers are based on geographic location and logical points of origin
for dredged material placement. The study area was divided into 27 dredging centers.
Both USACE Navigation Projects and other Federal agency projects were identified
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within the study area. Sediment test data from each USACE Navigation Project and
some larger non-Federal permit projects were then used to categorize and quantify the
types of dredged material from each USACE Navigation Project into sandy materials vs.
fine-grained material, and suitable vs. unsuitable (for open-water placement) materials.
An anticipated dredging timeline was then developed for each USACE Navigation
Project and separable segment and for other Federal agency projects by material type.

Based on this testing data, the 30-year dredging volume of 52.7 million CY identified in
the 2015 dredging needs update is expected to consist of about 29% sand, 65% fine-
grained materials suitable for open-water placement, and 6% unsuitable for open-water
placement. Of the total volume, 63% is from USACE Navigation Projects, 1.5% is from
other Federal agency projects, and 35.5% is from non-Federal dredging activities under
permit.

ALTERNATIVES

The purpose of this PEIS is to identify one or more potential environmentally sound,
feasible, and practicable alternatives for future long-term use for each of the USACE
Navigation Projects and other Federal agency projects in Long Island Sound. The PEIS
evaluates the universe of potential alternatives identified in previous studies. In
accordance with NEPA, alternatives to open-water placement were considered during the
overall EIS process, including containment alternatives (CADs and CDFs), coastal
(bar/berm creation and beach nourishment) and upland (landfill capping, Brownfields,
and habitat restoration) beneficial uses, landfill placement, treatment technologies, and
the No Action Alternative. Based upon the results of the screening evaluation conducted
as part of this PEIS (described in Chapter 6), the DMMP identified the likely Federal
Base Plan for dredged material placement for each project and segment identified.

Under the No Action Alternative, the option of dredged material placement at a
designated open-water placement site would no longer be available. It is impossible to
know with certainty how dredging needs of Long Island Sound harbors and waterways
would be met if there were no designated open-water placement sites for MPRSA.-
regulated projects within Long Island Sound. However, several scenarios might
reasonably be considered. First, placement site authorization for private projects
involving less than 25,000 CY of material would simply continue to be evaluated on a
project-specific basis under CWA Section 404. Second, for projects subject to MPRSA
8106(f) (i.e., either Federal projects of any size or private projects involving greater than
25,000 CY of material), project proponents would need to pursue one or more of the
following courses of action:

(1) Use an alternative open-water site, either inside or outside of Long Island Sound,
that has been “selected” by the USACE under MPRSA 8103. Such a site would
need to be one that has not been in use since the 1992 amendments to MPRSA, or
has not had its second five-year period of use expire. EPA would need to concur
with the Selection.
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(2) Use an existing EPA-designated (MPRSA §102) open-water site outside of the
Long Island Sound study area (e.g., RISDS, HARS). EPA would need to concur
with any placement at such sites.

(3) Delay dredging until EPA designation (MPRSA 8102) of a different open-water
placement site within Long Island Sound

(4) Cancel the proposed dredging projects

(5) Study, design, authorize, construct, and use practicable and cost-effective land-
based, in-harbor, nearshore, beneficial use, or CDF placement/use alternatives.
The type of alternative would vary depending on the size of the project, nature of
the material to be dredged, any additional non-navigation benefits of the
alternative, non-Federal sponsorship and funding, and the level of Federal
participation warranted.

NEPA regulations require agencies to identify the agency’s preferred alternative or
alternatives in the final EIS (40 CFR 1502.14(e)). The USACE preferred alternative is to
implement the recommendations of the DMMP.

During the process of identifying potential alternative sites, the USACE and EPA, in
coordination with the states and with input from the public, reviewed all potential upland,
shoreline, and in-water locations where dredged material could be placed in the Long
Island Sound area. The study area under consideration (see Figure ES-1) during the
review of potential alternatives includes all of Connecticut; Westchester, Bronx, Queens,
Suffolk, and Nassau counties of New York, as well as the Boroughs of Brooklyn (Kings
County) and Manhattan (New York County), New York; and Washington County in
Rhode Island. The Long Island Sound PEIS evaluates only those alternatives located
within the study area.

The locations of the alternative sites identified for potential use by USACE and other
Federal agency projects in the Long Island Sound area are shown in Figure ES-2.

POTENTIAL IMPACTS

To evaluate potential impacts from dredged material placement within the study area,
resources were grouped into five categories: physical, environmental, infrastructure,
cultural, and socioeconomic resources. The resources impacted depend on the type of
alternative being evaluated. Chapter 5 of this PEIS presents information about the
generally known impacts of dredged material placement at the various alternative types.
Impacts that could result from taking no action and from placement of dredged material
at each of the potential alternative sites are also considered. In addition, cumulative
impacts of past, current, and future actions are described, as well as possible mitigation
steps to avoid, minimize, or reduce potential impacts. Because the impacts are assigned
to the alternative type of dredged material placement activity rather than to specific
dredged material placement sites, impacts are generalized. Positive and negative impacts
or consequences are projected and may be short- or long-term in duration depending, in
part, upon the material placement schedules for alternative types. This PEIS evaluates
and compares the direct, indirect, and cumulative impacts from a qualitative perspective,
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commensurate with the programmatic level of detail within which this document was
developed.
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Figure ES-2. Alternative Sites Identified within the Long Island Sound Study Area.

There are several options for the placement of dredged material removed from USACE
Navigation Projects within the Long Island Sound study area: confined and unconfined
open ocean placement, confined nearshore placement, landfill placement, and beneficial
use. While the compatibility of dredged material for the various placement options will
need to be determined on a project-by-project basis, the options that would have the
lowest impact and greatest benefit are likely to be preferred. Over the past decade,
several events have had devastating and costly consequences for Long Island Sound
coastal communities and habitats. These events include Hurricanes Sandy and Irene.
The increased storm frequency and sea level rise associated with climate change also
threaten coastal communities and habitats. Restoration of the coastal habitats would
benefit much of Long Island Sound’s wildlife and fisheries species and the livelihoods of
the people in these coastal areas.

Potential impacts are summarized as follows:

e General impacts to physical, environmental, infrastructure, cultural, and
socioeconomic resources by alternative type (Table ES-2)
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e General impacts under the No Action Alternative (Table ES-3)

e Beneficial impacts of dredging and subsequent placement of dredged material
(Table ES-4)

e Cumulative impacts and mitigation (Table ES-5).

The following tables summarize only resources that were likely impacted, not all
resources evaluated. Details of the evaluation process are included in Chapter 5 of the
PEIS.
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Table ES-2. General Impacts by Alternative Type.
Open-Water Placement of Confined Nearshore Upland Beneficial . . .
Dredged Material Placement of Dredged Use of Dredged L?ig";'?&jgi?;m Cz)(])casﬁl ngge&(;?Jrﬁe Tler(]:rt:(r)w\(l)?(t)lviis
(Confined and Unconfined) Material Material 9 g 9

Physical Resources

Dredged material placed in
open water may change the
grain size and/or total
organic carbon content
within the placement
footprint.

Construction of CAD cells
and CDFs would alter the
existing sea floor and may
change the existing sediment
grain size and total organic
carbon within the footprint.

Upland placement of
dredged material
would change the
land’s topography.

Dredged material placed in
open water may alter the
topography of the site.

Shoreline CDFs could reduce
littoral drift and increase
currents and wave energy.

Placement at
brownfield sites as
clean fill or capping
material is not likely
to generate
additional physical
impacts beyond
remediation
operations.

No additional physical
impacts beyond the
current operation and
management of the
landfill.

Beach nourishment and
nearshore berm
creation would change
the topography in the
nearshore and shoreline
environment.

Innovative
treatment
technologies would
likely be located in
upland sites in
former or existing
industrial areas and
would not result in
physical impacts to
the environment.

Environmental Resources

Physical changes to sediment
characteristics could
potentially result in habitat
impairment or enhancement.

Excavation and operation of
CAD cells and CDFs would
destroy and/or bury bottom-
dwelling resources living
within the footprint area.

The use of dredged
material as fill or
cap material at
brownfield sites
could temporarily
displace mobile
resources such as
birds or terrestrial
wildlife.

Landfill placement is
unlikely to have direct
impacts to wetlands,
birds, terrestrial
wildlife, or threatened
and endangered
species.

Berms and beach
nourishment could
impact submerged
aquatic vegetation,
wetlands, and
nearshore benthic,
pelagic, and terrestrial
species through
changes in habitat.

Impacts to aquatic
resources from the
use of chemical or
thermal innovative
treatment
technologies would
be limited to spills
during handling,
runoff from storage
piles, and
discharges of
effluent.
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Table ES-2. General Impacts by Alternative Type (continued).
Open-Water Placement of Confined Nearshore Upland Beneficial . - .
Dredged Material Placement of Dredged Use of Dredged Lg%f(;"ezl?\;jgi?;()f C;(;aétrael nggeSg&l r%sle Tleiz:rr:(r)w\(l)?(t)lviis
(Confined and Unconfined) Material Material g 9 9

Operation of dump scows
and of commuter vehicles
could potentially result in air
pollutant emissions and
adverse noise impacts;
however, air quality and
noise impacts would be short
term and localized and not be
significant relative to
background levels.

Eventual placement of a cap
of suitable dredged material
on the CAD cells would limit
bioaccumulation of any
contaminants in the dredged
material and would allow a
stable benthic community to
develop.

Potential risks of
contaminant bioaccumulation
would either remain the same
or possibly be reduced
through use of risk based
evaluations.

Under the CAD cell
alternatives, habitat for fish
and shellfish could
potentially be enhanced
because bathymetric
variations could increase
habitat diversity.

Short-term, localized water
quality impacts could occur.

Placement of dredged
material in CAD cells would
increase turbidity and
contaminant concentrations
within residual plumes,
potentially leading to
intermittent, localized, short-
term changes in water
quality.

On-road truck
operations
associated with
material transport to
and from brownfield
sites would also
result in adverse air
quality and noise
impacts, particularly
at sensitive land
areas immediately
adjacent to truck
routes.

Dredged material
placed as waste could
potentially affect
groundwater and
surface water quality
in the immediate area.
Amended material
(dredged material
mixed with cement or
other additives) acts
differently and may
have different
environmental
impacts.

Environmental impacts
from berm creation
would be similar to
other in-water
alternatives.

Technologies that
involve placing
dredged material on
soil for natural or
enhanced natural
treatment could
impact surface water
or wetlands.

Salt and any leachable
chemicals in dredged
material may require
leachate management
practices that prevent
erosion or the
deposition of material
in adjacent resources.

Secondary impacts
would include effects
associated with
material dewatering
(fluid management,
possible equipment
emissions) and
transportation
(emissions).

Adverse air quality and
noise impacts could be
of concern, depending
upon the scale and
duration of placement
activities at selected
beneficial use sites, the
distance to the
placement site, and the
sensitivity of the land
around these sites.

Air quality impacts
would vary by
technology however,
innovative treatment
processes generally
include specialized
air handling
equipment and
monitors and would
require permitting to
meet applicable air
quality requirements.
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Table ES-2. General Impacts by Alternative Type (continued).
Open-Water Placement of Confined Nearshore Upland Beneficial . - .
Dredged Material Placement of Dredged Use of Dredged Lg%f(;"ezl?\;jgi?;()f C;(;aétrael nggeSg&l r%sle Tleiz:rr:(r)w\(l)?(t)lviis
(Confined and Unconfined) Material Material g 9 9

During CDF construction,
resources in the surrounding
environment could be
indirectly affected due to
sedimentation and increased
water column turbidity as
well as impacts to air and
noise quality.

Water quality impacts during
CDF construction would
likely be temporary and
short-term.

Noise impacts from
operation of
equipment and
vehicles would be
localized and
temporary.

On-road truck
operations to and from
landfill sites would
result in adverse air
quality and noise
impacts, particularly at
nearby sensitive land
areas.

Infrastructure Resources

Placement of dredged
material in open water could
potentially affect existing or
future infrastructure within
Long Island Sound, resulting
in inadequate water depths
and possible impacts to
navigation.

Infrastructure resources
present within the footprint
of a CAD cell or CDF could
be subject to interference or
burial, potentially requiring
temporary or permanent
relocation.

Upland dewatering
of material could
require truck hauling
and the use of public
roadways for transit,
resulting in potential
increased traffic
congestion.

Significant, short-term
overland
transportation
resources could be
required, depending on
the distance between
the project site and the
landfill location.

Berm creation could
change current patterns
and wave energy,
potentially resulting in
erosion or deposition
around docks,
recreational areas,
dredged material
facilities, aquaculture
facilities, and other
coastal structures.

The selected
technology and site
location would have
a considerable effect
on traffic impacts to
local road networks.
Where treatment
involved multiple
technologies that are
not co-located, truck
trips would be
required to transport
material between
processing sites.
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Table ES-2. General Impacts by Alternative Type (continued).

Open-Water Placement of Confined Nearshore Upland Beneficial . - .
Dredged Material Placement of Dredged Use of Dredged Lg%f(;"ezl?\;jgi?;()f C;(;aétrael nggeSg&l r%sle Tleiz:rr:(r)w\(l)?(t)lviis
(Confined and Unconfined) Material Material g 9 9

Direct impacts to ports are
not anticipated because
shoreline CDFs would be
sited to avoid coastal areas
where port facilities are
present.

Short-term impacts to vessel
traffic could occur at
mooring areas, navigation
channels, ports, and
recreational areas near, but
not within, an alternative site
during CDF construction and
operation.

Berm creation could
bury utilities during
placement of dredged
material.

If nearshore berms
were created at sites
close to navigation
channels, adverse
impacts on navigation
could occur due to
shoaling.

Beach nourishment
activities could result
in potential impacts to
utilities, mooring areas,
aquaculture beds, and
coastal structures from
burial or increased
sedimentation.

Beach nourishment
could encourage more
visitations and
increased traffic in the
immediate area.

The demand for
services such as
energy, water, and
wastewater treatment
for operation of
innovative treatment
technologies would
vary depending on
the technology and
the volume of
material processed
by the facility. The
sufficiency of local
suppliers to provide
such services would
be determined in the
siting and permitting
processes.
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Table ES-2. General Impacts by Alternative Type (continued).
Open-Water Placement of Confined Nearshore Upland Beneficial . - .
Dredged Material Placement of Dredged Use of Dredged Lg%f(;llel:(’jl?\;(;rgi?;lof %(;aétril degeI:‘/lg&I rliJaS|e Tler::r;z\(l)?(t)lviis
(Confined and Unconfined) Material Material g 9 9

Cultural Resources

Shipwrecks located in or
adjacent to potential open-
water placement site
alternatives would be
affected by burial from
dredged material placement.
Shipwrecks that have not
been clearly located or
identified could be obscured
by burial but would also be
protected from disturbance.

Excavation and operation
(dredging, filling, and
capping) under the in-harbor
CAD cell alternatives would
destroy and/or bury any
cultural resources (such as
shipwrecks and
archaeological resources)
present within the footprint
area. However, CAD cells
would not be sited or
constructed on a footprint
that contained cultural
resources

Dredged material placement
is not likely to result in
increased erosion or
displacement of cultural
artifacts, but site locations
should be selected to avoid
conflicts.

Construction and operation
of island and shoreline CDFs
would destroy and/or bury
shipwrecks present within the
footprint area.

No archaeological sites were
identified at any of the island
or shoreline CDF alternative
sites; therefore, impacts to
archaeological sites are not
anticipated.

Cultural and archaeological
resources that may have been

CDF construction and
operation could result in

It is unlikely that historic districts or archaeological resources are located
at landfill placement sites or other nearshore or upland beneficial use
sites; therefore, no direct destruction of, or visual impacts to, cultural
resources are anticipated under these alternatives.

None
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Table ES-2. General Impacts by Alternative Type (continued).
Open-Water Placement of Confined Nearshore Upland Beneficial Landfill Placement of | Coastal Beneficial Use Innovative

Dredged Material
(Confined and Unconfined)

Placement of Dredged
Material

Use of Dredged

Material Dredged Material

of Dredged Material

Technologies

present within existing
placement sites have been
previously disturbed or are
currently protected from any
further impacts resulting
from prior placement
activities.

short-term visual impacts to
historic districts.

Historic districts could be
impacted by CDFs because
changes in bathymetry could
result in wave focusing or
increased erosion and
channelization along the
shoreline where these
resources are located.

CDFs may provide increased
wave and storm protection to
shore areas.

Socioeconomic Resources

Potential adverse impacts
could occur from competing
uses of the water system
from nearby shipping lanes
or aquaculture sites.

Nearby major ferry routes
and shipping lanes may be
interrupted by construction of
CAD cells.

During material placement,
special precautions may need
to be imposed on fishing and
shipping activity near the
alternative sites.

Recreational boating could
be interrupted during
construction activity.

The number of trucks traveling to dewatering
sites, landfills and brownfield sites would
increase, resulting in additional traffic
congestion, noise, highway safety, and air
quality impacts to surrounding areas. Adverse
effects from transport of clean material to
landfill sites would depend on the dewatering
site location and the length of travel routes,
routes taken, and volume of material
transported. Short term adverse aesthetic
impacts would be possible during construction
of brownfields.

Under the nearshore
bar/berm alternatives,
shellfish aquaculture
could potentially be
disrupted or destroyed,
resulting in a
consequential loss of
employment dependent
on those aquatic
resources.

Waterborne commerce
and recreational
boating activity could
also be disrupted.

Siting facilities in
existing areas of
compatible land use
could alleviate or
minimize adverse
social impacts,
environmental
justice concerns, and
visual impacts.
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Table ES-2. General Impacts by Alternative Type (continued).
Open-Water Placement of Confined Nearshore Upland Beneficial . - .
Dredged Material Placement of Dredged Use of Dredged Lg%f(;llel:(’jl?\;(;rgi?;lof %(;aétril degeI:‘/lg&I rliJaS|e Tler::r;z\(l)?(t)lviis
(Confined and Unconfined) Material Material g 9 9

Nearby oyster and clam beds
may be disturbed by material
placement actions, with a
subsequent loss of
employment in the
commercial or recreational
fisheries dependent upon
those sites.

Agquaculture of shellfish
could potentially be lost or
disturbed, with subsequent
loss of employment from
commercial or recreational
fisheries dependent upon
those sites.

Material placement activities
could disrupt recreational use
or pose boating hazards to
the public unless proper
precautions were taken.

Placement activities could
disturb the aesthetic quality
of open-water views in the
short term; however, long-
term aesthetics are not
expected to be impacted
because the sites would be
submerged under water.

Placement activities could
disturb the aesthetic quality
of harbor views in the short
term; however, long-term
aesthetics are not expected to
be impacted because the cells
would be submerged under
water.

Submerged pipelines
could be within the
construction area of the
sites and could be at
risk if they were
disturbed by
construction activities.

Some short-term
aesthetic value losses
would be possible
during construction of
the nearshore
bars/berms.

Nourishment of public
beaches could result in
more visitations and
increased traffic in the
immediate area.
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Table ES-3. General Impacts Under the No Action Alternative.

Select New Open-Water
Site(s) Inside or Outside
of Long Island Sound

Use Existing Site(s)
Outside of Long Island
Sound

Await Designation of
Different Site Within
Long Island Sound

Cancel Dredging
Projects

Use Practicable and Cost-Effective Land-
Based, In-Harbor, Nearshore, Beneficial
Use, or CDF Placement/Use Alternatives

Physical Resources

The potential for adverse
physical impacts could
increase because new
open-water locations
would likely be in areas
where placement has not
previously occurred.
Sedimentation and erosion
would be more likely
under this scenario because
material would be
dispersed over a greater
area within or outside of
Long Island Sound.

Potential adverse impacts to sedimentation would
likely decrease because less material would be
placed in Long Island Sound; however, erosion
conditions would remain unchanged because
erosion is based on the hydrodynamics of Long
Island Sound.

Significant sediment and
shoaling would occur in
rivers and harbors,
resulting in decreased
water depths and potential
changes in nearshore
hydrodynamics.

Impacts would be similar to those described
in Table ES-2 for the various alternative

types.

Environmental Resources

Dredged material would
likely be dispersed over a
greater area or over new
areas; therefore, the
potential for impacts
would be similar to those
described above for open-
water placement.

The potential for adverse environmental impacts to benthos, shellfish, fish,
marine and coastal birds, marine mammals and reptiles, water quality, sediment
quality, and bioaccumulation potential would remain unchanged because less

material would be placed in Long Island Sound.

If open-water sites much
farther away had to be
used for placement, the
longer vessel trips could
result in greater air
emissions due to the
need to use larger barges
and more powerful tugs
with larger engines.

If designated open-water
placement sites were not
available, some
increased level of air
emissions could result
from vessels or vehicles
used to haul dredged
material to land-based
placement sites.

No direct impacts to
environmental resources
inside or outside Long
Island Sound would
occur.

If designated open-water placement sites
were not available, some increased level of
air emissions could result from vessels or
vehicles used to haul dredged material to
land-based placement sites.
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Table ES-3. General Impacts Under the No Action Alternative (continued).

Select New Open-Water
Site(s) Inside or Outside
of Long Island Sound

Use Existing Site(s)
Outside of Long Island
Sound

Await Designation of
Different Site Within
Long Island Sound

Cancel Dredging
Projects

Use Practicable and Cost-Effective Land-
Based, In-Harbor, Nearshore, Beneficial
Use, or CDF Placement/Use Alternatives

If USACE selected other
open-water sites in the
region, the travel distances,
and therefore emissions,
for placement would be
similar to current
conditions.

If open-water sites much
farther away had to be
used, longer vessel trips
could result in greater air
emissions due to the need
to use larger barges and
more powerful tugs with
larger engines.

Infrastructure Resources

The selection of new open-
water sites within Long
Island Sound could
increase impacts to
infrastructure resources
because placement would
occur over a greater area
within the Sound.

Infrastructure resources would likely remain unchanged.

Cultural Resources

The selection of new open-
water sites within Long
Island Sound could
increase impacts to historic
and archaeological
resources because
placement would occur

Impacts to historic and
archaeological resources
would likely remain
unchanged.

Impacts to historic and
archaeological
resources would likely
remain unchanged.

Impacts to historic and
archaeological resources
would likely remain
unchanged.

Proposed dredged material placement
would likely require additional
investigations of potential historic and
archeological resources at newly chosen
alternative sites.
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Table ES-3. General Impacts Under the No Action Alternative (continued).

Select New Open-Water
Site(s) Inside or Outside
of Long Island Sound

Use Existing Site(s)
Outside of Long Island
Sound

Await Designation of
Different Site Within
Long Island Sound

Cancel Dredging
Projects

Use Practicable and Cost-Effective Land-
Based, In-Harbor, Nearshore, Beneficial
Use, or CDF Placement/Use Alternatives

over a greater area within
the Sound.

Proposed dredged material
placement would likely
require additional
investigations of potential
historic and archeological
resources at newly selected
sites.

Socioeconomic Resources—Regional Impacts

communities.

e Shoaling would continue and vessels would lose access to harbors and waterways.

e The combined impacts on marine transportation and recreational boating would account for the greatest loss in economic activity (93% of the estimated
reduction in gross state product).
Ferry-dependent tourism would account for 4% of the estimated loss in annual gross state product.
Cargo traffic costs would increase because of tidal delays.

The likelihood of vessel collisions, groundings, and oil spills would increase.
Loss of access to ports could cause commercial and recreational fishermen to abandon fishing, resulting in negative social and cultural impacts on

o Inthe 20" year of the No Action Alternative, losses in annual gross state product are anticipated to be approximately $853 million, or approximately 15%
of the current regional gross state product, from navigation-dependent economic activities.
e Eastern and western Connecticut and western Long Island would likely bear the largest impacts in terms of gross state product, each experiencing more
than $200 million in reduced gross state product after 20 years.
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Table ES-4 . Beneficial Impacts of Dredging and Placement of Dredged Material.

Open-Water Placement of Confined Nearshore Upland Beneficial Use Landfill Placement | Coastal Beneficial Innovative
Dredged Material Placement of Dredged orf) Dredaed Material of Dredged Use of Dredged Technologies
(Confined and Unconfined) Material g Material Material g

Dredging and subsequent placement of dredged material allows for the continued operation of the ports and harbors within Long Island Sound.

Employment could increase for barge and tug operators and heavy machinery operators involved in the placement of material.

The use of innovative
treatment
technologies could
potentially yield
significant direct and
indirect beneficial
impacts through the
generation of jobs
and tax revenues.

Potential benefits from the
implementation of open-
water alternatives could
accrue to infrastructure
resources and to regional
employment.

In cases where CAD cells
are constructed using
existing pits or depressions
on the seafloor, habitat for
benthic invertebrates and
shellfish could be
increased or enhanced
when the pit or depression
is filled with dredged
material.

Ecological restoration
and redevelopment
projects (e.g.,
brownfield
redevelopment) would
convert degraded sites
to publicly accessible
areas such as a natural
park, providing
increased recreational
opportunities and
decreasing the risk of
exposure to site
contamination.

Over time, potential
benefits could
accrue to man-made
resources, regional
employment, and
personal revenue
from the placement
of dredged material
at landfill sites.

If feeder berms were
constructed, new
sediment would be
introduced to the
littoral system,
beaches would be
nourished through
onshore sediment
transport, and
nearshore wave
energy, and therefore
shoreline erosion,
would be reduced.

Innovative
technologies could
neutralize or remove
contaminants from
sediment, resulting in
products that can be
used beneficially as
manufactured soil for
brownfield
remediation, public
landscaping, highway
projects, landfill
daily cover and
closure, structural
fill, or a growing
medium.
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Table ES-4. Beneficial Impacts of Dredging and Placement of Dredged Material (continued).

Open-Water Placement of Confined Nearshore - Landfill Placement | Coastal Beneficial .
. Upland Beneficial Use Innovative
Dredged Material Placement of Dredged of Dredged Material of Dredged Use of Dredged Technologies
(Confined and Unconfined) Material Material Material
Placement of material may No change to tax Restoration activities If stable berms were | Some end products
increase employment for revenue/property values is | such as salt marsh re- constructed, wave created through
tug/barge operators and expected during the creation would provide energy along the innovation could
operators of heavy machinery | lifespan of island or additional habitat and shoreline would be partially offset
during periods of placement | shoreline CDFs. However, | increased coastal reduced, resulting in | project costs through
activity. depending on their resilience in the form of lower shoreline tipping fees or as
proximity to other land flood control and erosion, thereby marketable
uses and demand for protection from rising providing increased commaodities such as
available vacant land, sea levels. protection of Portland cement
created land masses may infrastructure from replacement or
produce opportunities for wave impacts. potting soil.
development at the end of
the facility’s useful life as
a placement area.
The construction of CDFs | Visual aesthetics of Reestablishment of Recycling dredged
may potentially decrease redeveloped sites would beach areas could material through
shoreline wave energy and | be improved over the result in long-term treatment could allow
erosion by modifying the long term. visual aesthetic the material to
littoral drift, currents, and benefits. replace nonrenewable
waves at the CDF location, “greenfield” deposits
thereby helping to protect of topsoil, sand, and
vulnerable shorelines and shale.
infrastructure.
Shoreline accretion due to | Employment could Nourishment of
wave sheltering could increase with the need beaches could
enhance other shoreline for truck drivers and contribute to greater
habitats, including those heavy machinery recreational utility
found in marine protected | operators at origin and and public enjoyment
areas and could increase destination sites to of sites.
submerged aquatic handle placement
vegetation. material.
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Table ES-4. Beneficial Impacts of Dredging and Placement of Dredged Material (continued).
Open-Water Placement of Confined Nearshore Upland Beneficial Use Landfill Placement | Coastal Beneficial Innovative
Dredged Material Placement of Dredged orf) Dredaed Material of Dredged Use of Dredged Technologies
(Confined and Unconfined) Material g Material Material g

The potential for an
increase in habitat
diversity for fish species
also exists for any in-water
placement alternative
because placement
activities could create
bathymetric variations.

Upland areas created as
part of CDFs can become
port sites, or created land
for infrastructure projects.

Habitat enhancement
for wetlands and for
upland and coastal
wildlife and bird
species could be
directly incorporated
into the final project
design.

If nourishment of
beach fronts
produced additional
usable beach area and
encouraged
recreational usage,
public revenues could
increase from
associated visitation
fees.
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Table ES-5. Cumulative Impacts and Mitigation.

Open-Water Placement of Confined Nearshore Landfill Placement | Coastal Beneficial

. Upland Beneficial Use Innovative
(Conlfji:lee((jjgaegdhﬂjzﬁsg:;lined) Placeml\eﬂn;tglfiglredged of Dredged Material of Dredged Use of Dredged Technologics

Material Material
Action Alternatives

e Any cumulative adverse impact to Long Island Sound's physical, environmental, infrastructure, cultural, or socioeconomic resources could diminish its
value for commercial and recreational uses. Short-term impacts observed to date under the alternatives considered have been shown to be temporary and
have not resulted in significant unacceptable adverse impacts to Long Island Sound.

e Non-dredging events (vessel-related contamination) and watershed-wide contaminant loading from agricultural, urban, and industrial sources would
continue to dominate the inventory of stressors, particularly in the Western Basin.

e Climate change resulting in sea level rise and increased storm activity could have a greater impact on beach loss, erosion, and changes to habitat (which
could lead to increased damage to shoreline and nearshore alternative sites), increased sediment transport, and impacts to benthic, pelagic, and terrestrial
organisms.

No Action Alternative

e Under the No Action Alternative, the option of dredged material placement at a designated open-water placement site would no longer be available.

e Under the scenarios which result in continued in-water placement and/or increase nearshore, upland and beneficial use alternatives, cumulative impacts
would be similar to impacts from the action alternatives.

e If dredging were limited or did not occur, the accumulation of naturally deposited sediment could cause shoaling in rivers and harbors, resulting in
decreased water depths and potential changes in nearshore hydrodynamics.

e Regional impacts from climate change and sea level rise have caused significant damage to many existing structures and have affected much of the coastal
infrastructure within Long Island Sound. These impacts are much larger in magnitude than anticipated impacts from dredging-related activities.

o Decreased dredging, in combination with increased runoff and sedimentation as a result of climate change and sea level rise, could result in increases in
shoaling, which would have negative impacts to recreational and commercial vessels.

e Delayed or abandoned dredging of Long Island Sound’s waterways would likely affect regional economic enterprises (and the associated employment)
that depend on Long Island Sound for reliable access to water resources and transportation.

e In the absence of a DMMP, local ports would compete for limited dredging funds at a higher unit cost while attempting to maintain economic viability.

Mitigation

When specific dredging projects are developed, specific mitigation strategies and practices will be addressed as part of the permitting process.
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ALTERNATIVE SELECTION

As recommended by the Long Island Sound DMMP Working Group, the USACE developed a
formal, quantitative screening process using Multi-Criteria Decision Analysis to evaluate and
rank placement alternatives for each USACE Navigation Project in Long Island Sound. In
addition to the physical, logistical, and economic factors that were used to score and rank
placement alternatives, the evaluation hierarchy and relative priorities expressed by the Working
Group were used to guide the development of the impacts/benefits portion of the screening
process. One of the tasks given to the Working Group was collaborative participation in
developing a multi-criteria decision model for weighing placement alternatives. The resulting
model included general alternatives, criteria, and metrics relevant to stakeholder interests. With
the exception of a few outliers, there was some consensus that all of the criteria—economic,
environmental, and social—were important to the stakeholders and the region.

The screening process used to evaluate and rank potential wide range of dredged material
placement alternatives within the Long Island Sound study area incorporated input from the
Working Group, the results of the Multi-Criteria Decision Analysis, and information from three
sources: the Long Island Sound DMMP study efforts, the EIS for the designation of open-water
dredged material disposal sites in central and western Long Island Sound, and the USACE. The
information gathered was used to describe and characterize each of the USACE Navigation
Projects and potential placement alternatives.

Alternative sites that were identified in the DMMP background studies were screened against
each USACE Navigation Project using a series of evaluation factors to identify those alternatives
that would most likely be feasible for each project. Screening was conducted using four
evaluation factors:

e Suitability/Compatibility: Suitability of material was determined based on the most
recent sediment testing results and/or most recent placement site used for each USACE
and other Federal agency project. In some cases, the most recent testing occurred
decades ago and may not reflect current conditions. All project material would be tested
to determine suitability for placement before dredging occurred.

e Capacity: Alternative site capacity was calculated using either the 30-year projected
dredging volume or the average per-event volume (for beaches and feeder berms) for
each project, and did not consider that multiple placements of smaller volumes could
occur over the project lifetime. Therefore, the available capacity used to score each
alternative site assumes that all project material would be placed at that one alternative
site. The scoring also did not take into consideration that an alternative site could be used
by multiple projects over the 30-year period of the DMMP, or that a single project could
use multiple alternative sites during a dredging event.

e Distances: Distances between project-alternative pairs are straight-line distances and do
not reflect actual haul distances that equipment would use to transport material from
dredging projects to alternative sites.
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e Impacts: Impacts are based on resource data (where available) and reflect potential or
anticipated impacts. Project-specific NEPA documents would need to be prepared that
describe in greater detail the current conditions and anticipated impacts associated with
placement of dredged material at each alternative site considered for each dredging
project.

Metrics were developed for these evaluation factors to quantitatively score each alternative site
by project. In addition, estimated dredging and placement costs were included with the
screening results for comparison purposes but were not included in the quantitative screening
scores.

This process was used to identify the overall top 10 scoring placement alternatives for each
USACE Navigation Project based on the total score of the four evaluation factors. This
screening does not identify or select the “preferred” alternative for any of the projects; rather, it
is a guide to assist the USACE in identifying the most feasible and cost-effective alternatives
within the universe of potential alternatives. Screening was also performed for other Federal
agency (non-USACE) projects, which are presented with the USACE Navigation Projects by
dredging center. This ranking of alternatives, combined with the procedures and standards
recommended in the DMMP (Section 7 of the DMMP), support the identification and use of
practicable alternatives to open-water disposal

Actual decisions on the final plan for dredged material placement for Federal projects would be
made as projects are funded and investigated in the future. These projects would each need to
conduct investigations on sediment suitability and placement site acceptability, prepare any
NEPA and decision documents, provide for adequate public involvement and review, secure any
necessary Federal and state agency regulatory approvals, and secure Federal and sponsor funds
for implementation.

CONCLUSION

The assessment conducted for this PEIS serves as a guide to assist the USACE and other Federal
agencies in identifying the most feasible, environmentally acceptable, and cost-effective
alternatives for dredged material placement within the Long Island Sound study area. It can also
serve as a guide and resource for other non-Federal dredging proponents in their future
development of project-specific NEPA documents. The PEIS 1) describes the universe of
potential alternatives identified within the Long Island Sound study area, 2) describes the
existing conditions within the study area and at the alternative sites identified, and 3) assesses the
potential impacts associated with placement of dredged material at a variety of alternatives
within the study area. The analysis and evaluations included in the PEIS assist the LIS DMMP
in development of procedures and standards for evaluating and recommending dredged material
placement options that support the goal of reducing or eliminating the need for open-water
placement of dredged material in Long Island Sound. The preparation of this PEIS is also
compliant with the NEPA and provides opportunities for public participation.
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Programmatic Environmental Impact Statement for the
Long Island Sound Dredged Material Management Plan

1 INTRODUCTION

To facilitate safe navigation and marine commerce in Connecticut, New York, and Rhode Island
rivers, harbors, and coastal areas throughout the Long Island Sound region, dredging activities
and subsequent management of the dredged material must be conducted to maintain and
periodically improve Federally authorized channel depths and widths. Records of dredging
activities in the Long Island Sound area extend back to the 1870s, with most of the material
being transported to open-water dredged material placement sites in Long Island Sound.
Navigation projects led by the U.S. Army Corps of Engineers (USACE) (referred to as USACE
Navigation Projects) produce most of the dredged material generated in Long Island Sound every
year. Other Federal agencies, including the U.S. Navy and U.S. Coast Guard, also periodically
generate dredged materials from the maintenance and improvement of their facilities in this
region.

This Programmatic Environmental Impact Statement (PEIS) describes the existing environment
and assesses the impacts of available or potentially developable dredged material management
alternatives for the USACE’s Dredged Material Management Plan (DMMP) for Long Island
Sound.

The Long Island Sound Dredged Material Management Plan

Under USACE Engineer Regulation (ER) 1105-2-100 (USACE, 2000), the USACE is
responsible for developing a DMMP for USACE Navigation Projects where there is an
indication of existing insufficient placement capacity to accommodate maintenance dredging for
at least the next 20 years. The USACE conducted a Preliminary Assessment (PA) to document
the need for a comprehensive DMMP for the Long Island Sound region. The PA was completed
and approved by the USACE in June 2006 (USACE, 2006). In addition, because of the
extensive area covered, and because of the funds and time needed to develop a comprehensive
DMMP, it was determined that it would be more appropriate to extend the planning period to 30
years.

The Project Management Plan (PMP) (Appendix 1), which serves as the initial work plan for the
Long Island Sound DMMP, was completed and approved by the USACE, in consultation with
the Project Delivery Team, which was comprised of all of the Federal and State agencies
involved in the DMMP, in October 2007. Since 2007, the USACE’s New England District
(NAE) has conducted several studies to collect information necessary to prepare the DMMP,
including information on:

e available literature and environmental data for Long Island Sound (USACE, 2009a);
(USACE, 2010a);

e dredging needs (USACE, 2009b);

e Federal and state regulations (USACE, 2011a);

e nearshore berm placement sites (USACE, 2012a);
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e upland, beneficial use, and dewatering sites (USACE, 2009c); (USACE, 2011b);
(USACE, 2010b);

containment sites (USACE, 2012b);

cultural resources (USACE and PAL, 2010);

baseline economic data (USACE, 2010c);

Multi-Criteria Decision Analysis (MCDA) ( (Linkov, et al., 2013); and

air quality impact analysis and estimating tool (USACE, 2014).

These studies provided background information that was used in the preparation of the Long
Island Sound DMMP and the PEIS to identify, describe, and evaluate potential alternatives, as
well as assess the potential overall impacts of using these alternative sites for the management of
dredged material from Long Island Sound projects.

The Long Island Sound DMMP is an important milestone in the ongoing regional effort to
develop a comprehensive plan for dredged material management in Long Island Sound. The
purpose of the DMMP is to ensure that dredging needs for USACE Navigation Projects are met
and that proper planning may, over time and where practicable, reduce or eliminate the need for
open-water placement in the Sound. The Long Island Sound DMMP will identify, evaluate, and
recommend, where possible, practicable dredged material management alternatives through a
broad-based public process that protects the environment based on best scientific data and
analysis, while meeting society's need for safe and economically viable navigation for water-
based commerce, transportation, national security, and other public purposes. USACE DMMPs
are usually for a single navigation project or for USACE Navigation Projects that are interrelated
(e.q., projects in close proximity or common placement areas used) or are economically
complementary. However, at the request of the States of New York and Connecticut, a single
DMMP encompassing the entire group of dredging projects within Long Island Sound is being
prepared to meet the management needs of USACE Navigation Projects, as well as other Federal
navigation projects, in the Sound.

The USACE NAE is managing the development of the Long Island Sound DMMP in
coordination with the following agencies and entities:

USACE New York District (NAN)

U.S. Environmental Protection Agency (EPA) Regions 1 and 2

National Oceanic and Atmospheric Administration (NOAA)

New York State Department of State (NYSDOS)

New York State Department of Environmental Conservation (NYSDEC)

Connecticut Department of Energy and Environmental Protection (CTDEEP) (formerly
the Connecticut Department of Environmental Protection [CT DEP])

e Connecticut Department of Transportation (CT DOT)

e Rhode Island Coastal Resources Management Council (Rl CRMC)

Programmatic Environmental Impact Statement for the Long Island Sound Dredged Material
Management Plan

To comply with the National Environmental Policy Act (NEPA), the USACE prepared this PEIS
in conjunction with the Long Island Sound DMMP. The USACE published the Notice of Intent
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to develop this PEIS in the Federal Register on August 31, 2007 (72 FR 50332). The specific
objective of this PEIS was to evaluate the potential, future environmental, economic,
socioeconomic, and cumulative impacts of the various alternative types identified in the DMMP
with respect to the environment of Long Island Sound region and its tributaries, and provide
suggestions for mitigation of the impacts.

Potential placement alternatives evaluated in the PEIS include the following:

Open-Water Placement
Confined Placement
0 In-harbor confined aquatic disposal (CAD) cells
o Landfill placement
Confined Placement/Beneficial Use
o0 Island contained disposal facilities (CDFs)
o0 Shoreline CDFs
o0 Upland CDFs
Beneficial Use
0 Nearshore bar/nearshore berm placement sites
Beach nourishment
Landfill cover/capping
Brownfields and other redevelopment
Mine and quarry restoration
Agriculture/aquaculture
Habitat restoration/enhancement or creation (including marsh, island, and
shoreline restoration)
Non-structural and structural fill
Road bed and berm material
Asphalt/cement and other
0 Manufactured soil
e Innovative Treatment
0 Aggregates

°
O O0O0OO00O0

O OO

By following a programmatic approach to assessing these impacts, decision makers will be able
to use the PEIS to help guide future NEPA reviews and permitting considerations where site-
specific impact characterization is likely to be necessary to inform decisions regarding
implementation of any given disposal option for a project. The PEIS is an umbrella document
that considers generic impacts of options. In the future, as specific alternatives are put in place
to implement a given management option, specific project- and alternative-focused NEPA
documents and permits, utilizing information presented in this PEIS, will be prepared to address
implementation of a given option at a specific location.

This PEIS was prepared concurrently with the preparation of the DMMP. It was prepared in
accordance with NEPA, Council on Environmental Quality (CEQ) regulations (40 CFR 1500 et
seq.), and USACE regulations for implementing NEPA (33 CFR Part 230).
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1.1 PURPOSE AND NEED FOR THE DMMP

The need for a comprehensive DMMP for the Long Island Sound region was recommended in
the PA (USACE, 2006) based on the anticipated volume of dredged material to be generated in
Long Island Sound, the lack of existing placement sites to manage those volumes, the request by
the Governors of New York and Connecticut for the development of a Long Island Sound
DMMP, and the use restrictions placed on the designation of two of the open water placement
sites (Western Long Island Sound Disposal Site [WLDS] and Central Long Island Sound
Disposal Site [CLDS]) (40 C.F. R. 228.15(b)(4)(vi)(D)%). The PA concluded that successful
completion of a Long Island Sound DMMP is critical to the USACE’s ability to maintain the
region’s Civil Works navigation projects and provide future navigation improvements to the
system of Federal waterways in the Long Island Sound region. Analysis of the economic
contribution of navigation-dependent facilities indicated that future maintenance of most of Long
Island Sound’s USACE Navigation Projects is likely warranted, and that such maintenance is in
the Federal interest when examined on a project-by-project basis. Appropriate future cost-
effective management methods and capacities must be identified to serve both Federal and non-
Federal project needs in this region for the long-term health of the region’s economy and
environment.

A dredging needs study conducted by the USACE in 2009 (USACE, 2009b) for the Long Island
Sound and its tributaries examined past dredging activities, quantities, and dredging cycles.
Future dredging/placement needs were estimated based on the review of historic information and
on information collected as part of a questionnaire sent to navigation-dependent facilities
identified within the study area. During preparation of the draft DMMP in 2014-2015, it was
recognized that (1) a significant volume of dredging work had occurred in the Long Island Sound
region since 2009 including the work done in the wake of Hurricane Sandy, (2) that the 2009
report had not differentiated the types of dredged material in developing its dredging needs
timeline, (3) that a number of USACE Navigation Projects, including many from NAN, and up-
river/up-harbor segments of larger projects, did not have specific data on historical or projected
dredging, and (4) that some USACE Navigation Projects with maintenance frequencies of less
than 30 years did not have future projections that included recurring dredging actions. For these
reasons the information gathered from the analysis of USACE Navigation Projects and the non-
Corps facility survey was updated. Information for the USACE Navigation Projects was revised
to reflect recent activities and currently proposed efforts. This mainly involved eliminating

1“Except as provided in paragraphs (b)(4)(vi)(D) and (E) of this section, the disposal of dredged material at the
CLIS [also known as CLDS] and WLIS [also known as WLDS] sites pursuant to this designation shall not be
allowed beginning eight (8) years after July 5, 2005, unless a regional dredged material management plan (DMMP)
for Long Island Sound has been completed by the North Atlantic Division of the USACE, in consultation with the
State of New York, State of Connecticut and EPA, with a goal of reducing or eliminating the disposal of dredged
material in Long Island Sound, and the EPA thereafter amends this site designation to incorporate procedures and
standards that are consistent with those recommended in the DMMP. 1. Completion of the DMMP means finishing
the items listed in the work plan (except for any ongoing long-term studies), including the identification of
alternatives to open-water disposal, and the development of procedures and standards for the use of practicable
alternatives to open-water disposal. If the completion of the DMMP does not occur within eight years of July 5,
2005 (plus any extensions under paragraphs (b)(4)(vi)(D) and (E) of this section), use of the sites shall be
prohibited. However, if the DMMP is thereafter completed within one year, disposal of dredged material at the
sites may resume.”
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dredging completed from the projections, adding newly projected work to later years of the
extended DMMP timeframe, and adjusting volume estimates as described below. For the non-
Corps dredging work, large projects completed since 2009 were removed from the projections,
and dredging center-wide projections of demand were shifted over the revised 30-year period, as

was recurring maintenance at those facilities reporting such needs in 2009.

The 2015 dredging needs evaluation estimated that nearly 52.9 million cubic yards (CY) of

dredged material will be generated over the 30-year interval studied (Table 1-1) from

maintenance and improvement projects. Figure 1-1 shows the projected 30-year volumes of
dredged material from Long Island Sound by dredging center.

Table 1-1. Summary of Long Island Sound Dredging Needs by Project/Facility Type.

Project/Facility Type | 2015-2020 | 2021-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045 3(}';:?
Maintenance Dredging Needs (CY)
USACE Projects 4,929,900 5,151,900 | 3,202,700 3,529,000 3,279,600 5,941,400 26,034,500
Other Federal Facilities 186,000 74,200 115,000 81,000 64,200 51,000 571,400
Non-Federal Facilities 2,939,300 2,503,900 | 1,682,600 1,631,900 1,467,800 1,551,300 11,776,800
TOTALS 8,055,200 7,730,000 | 5,000,300 5,241,900 4,811,600 7,543,700 38,382,700
Improvement Dredging Needs (CY)
USACE Projects 1,657,100 5,100,000 450,000 0 0 0 7,207,100
Other Federal Facilities 200,000 150,000 0 0 0 0 350,000
Non-Federal Facilities 4,563,000 1,703,400 426,100 70,700 95,600 91,700 6,950,500
TOTALS 6,420,100 6,953,400 876,100 70,700 95,600 91,700 14,507,600
GRAND TOTALS 14,475,300 | 14,683,400 | 5,426,400 5,312,600 4,907,200 8,085,400 52,890,300
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Figure 1-1. Long Island Sound DMMP Maintenance Dredging Needs - Dredging Center Distribution by Category.
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1.2 STUDY AUTHORITY

In 2004, the EPA, in coordination with the USACE NAE, prepared an environmental impact
statement (EIS) on the designation of ocean-based dredged material placement sites in Central
and Western Long Island Sound (EPA, 2004). In the preamble to the EPA site designation rule,
EPA addressed the issue of procedures and standards for evaluating placement alternatives for
Marine Protection, Research, and Sanctuaries Act (MPRSA) projects in Long Island Sound as
follows:

“Consistent with [New York’s and Connecticut’s] requests, today’s rule contemplates that the
DMMP for Long Island Sound will include the identification of alternatives to open-water disposal
and the development of procedures and standards for the use of practicable alternatives to open-
water disposal, so as to reduce wherever practicable the open-water disposal of dredged material.
The DMMP also may contain recommendations regarding the use of the sites themselves” (40 CFR
Part 228).

In February 2005, the Governors of New York and Connecticut sent a joint letter to the USACE
requesting its assistance with the development of the DMMP and, in separate letters, asked
members of their respective congressional delegations to seek appropriation of Federal funds to
initiate the DMMP. Under ER 1105-2-100, the role of the USACE with respect to navigation is
to provide safe, reliable, and efficient waterborne transportation systems (channels, harbors, and
waterways) for movement of commerce, national security needs, and recreation (USACE, 2000).
In this capacity, the USACE is responsible for dredged material management planning for all
USACE harbor projects and therefore agreed to work with the states on the DMMP. Requests
for funds were included in the President’s budget for Federal fiscal years (FY) 2007 and 2008.
Federal funding for the Long Island Sound DMMP began in FY08 and continued through FY14
at varying levels.

To address the 2004 Designation Rule provision with respect to “standards”, and the request of
the Governors of New York and Connecticut, the Long Island Sound DMMP has attempted to
identify all the dredging needs, both USACE and non-USACE, for all of the harbors in Long
Island Sound and vicinity following the approach detailed in USACE ER 1105-2-100. The Long
Island Sound DMMP identified environmentally acceptable, practicable management plans that
can be utilized by various dredging proponents in their analysis of options to manage their
projects. Although it is not the intention of the Long Island Sound DMMP to identify an
alternative for every potential project in the study area, the DMMP provides non-USACE
navigational interests with an array of suitable/feasible options that could be used in their
alternatives analysis to meet or exceed their needs. In addition, the states may use the DMMP
findings to take whatever actions are necessary to establish or expand state programs to assist in
implementing reductions in open-water placement. To be compliant with NEPA, the USACE
developed this PEIS to assess the impacts of implementing the DMMP and provided
opportunities for public participation.
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1.3 STUDY AREA

The Long Island Sound study area encompasses the State of Connecticut; Washington County,
Rhode Island; and Suffolk, Nassau, Queens, Kings (Brooklyn), New York (Manhattan), Bronx,
and Westchester Counties in New York (Figure 1-2). The study area also includes all of the
coastal and navigable tributary waters from Montauk Point, New York, west across northern
Long Island to the East River at Throgs Neck, and then east through New York and Connecticut
to the southern coast of Rhode Island, and southwest across to Montauk Point, New York. All
navigable rivers, harbors, and coastal waters on Long Island Sound proper in Connecticut and
New York east of Throgs Neck to a line drawn from Westerly, Rhode Island, south to Montauk
Point are encompassed, including the waters of the Peconic Bay and Gardiners Bay shorelines in
New York; the Fishers Island Sound shores of Connecticut, New York, and Rhode Island; and
the Block Island Sound shores of New York and Rhode Island to the area’s eastern boundary.
The study area does not include New York Harbor itself, but it does include USACE NAN
projects east of Throgs Neck to Montauk Point. The Connecticut River below the Hartford
navigation project is included, as is the Thames River to Norwich, Housatonic River to Derby,
and the Peconic River to Riverhead, New York. The waters of Block Island Sound east of
Montauk Point to Block Island and Point Judith are included to the extent that they produce
dredged material that may be managed in the region, or provide opportunities to beneficially use
dredged material.
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Figure 1-2. Long Island Sound Study Area.
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2 DREDGING AND DREDGED MATERIAL CHARACTERISTICS -
AN OVERVIEW

Dredged material has been generated from the harbors and rivers of the Long Island Sound study
area for nearly 150 years to develop and keep navigation channels open for commerce and
recreation. The characteristics of the material vary, dredging operations have evolved, and
numerous placement options and locations have been established over these years. This chapter
summarizes the regulations and programs currently used to manage dredging and dredged
material placement to include a range of open-water, nearshore, upland, beneficial use, and
treatment technology options. The range of dredged material characteristics found in the study
area is also summarized as placement or treatment options may require different sediment
characteristics to meet use requirements.

Periodic dredging ensures safe navigation and marine commerce in Connecticut and New York
rivers, harbors, and coastal areas. The material removed from the navigation channels and
harbors has been placed at open-water sites in Long Island Sound since at least the 1870s. While
records of dredging activities extend back to this time, placement methods and sites for projects
were not systematically recorded until the 1950s; however, there is evidence of continuous use of
some sites since 1941 (Fredette, et al., 1992). From the 1950s through the early 1970s, about

19 open-water placement sites were active in Long Island Sound (Dames and Moore, 1981).
Since the early 1980s, dredged material has been placed predominantly at four placement sites:
WLDS [also known as WLIS]), CLDS [also known as CLIS]), Cornfield Shoals Disposal Site
(CSDS), and New London Disposal Site (NLDS). These sites were evaluated and chosen to
receive dredged material pursuant to programmatic and site-specific EISs prepared by the
USACE and/or EPA in 1982, 1991, and 2004 ( (USACE, 1982a), (USACE, 1982b), (USACE,
1991), (EPA and USACE, 2004a). Based on information collected through the USACE’s
Disposal Area Monitoring System (DAMOS) program, it is estimated that about 17 million CY
of material may have been placed at these open-water sites in Long Island Sound from 1982 to
2013.

Since 1977, the USACE, EPA, and the states have evaluated and regulated placement of dredged
material in Long Island Sound under the provisions of the Clean Water Act (CWA) amendments
to the Federal Water Pollution Control Act and MPRSA. Since 1972, Federal activities and
activities of others carried out under Federal permit are subject to review by the states under their
Coastal Zone Management programs. In the late 1970s, in response to concerns over the quality
of dredged sediment and a lack of information on suspected impacts of placement, the number of
actively used placement sites in the Sound was reduced, leading to the current system of four
open-water sites by the mid-1980s.

This PEIS presents and evaluates the options for placement of dredged material from the Long
Island Sound study area. Each option is subject to a set of laws and regulations that guide the
selection process for dredged material placement.
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2.1 REGULATORY ENVIRONMENT

The primary authorities that govern the placement of dredged material in the United States are
the CWA and MPRSA. All dredged material placement activities in Long Island Sound, whether
from Federal or non-Federal projects of any size, are subject to the requirements of the CWA. In
addition, all Federal projects of any size and all non-Federal projects placing more than

25,000 CY of dredged material into the Sound must comply with the requirements of MPRSA.
However, 40 CFR Part 228 supports the goal of eliminating or reducing open-water placement
into Long Island Sound; therefore, a wide range of dredged material management options were
identified under this PEIS. Moreover, a number of regulations and programs beyond the CWA
and MPRSA must be considered for effective management of dredging (Table 2-1). Detailed
summaries of each statute, as well as the state regulatory processes in New York, Connecticut,
and Rhode Island for the placement of dredged material, can be found in Federal, State, and
Local Regulations and Programs Applicable to Dredged Material Management (USACE, 2011).

Provisions of the CWA, MPRSA, and the Coastal Zone Management Act (CZMA) considered
key to dredged material management in the study area are described in the following sections.
Results of assessments conducted in response to other regulations (e.g., Magnuson Stevens
Fishery Conservation and Management Act, Endangered Species Act, Fish and Wildlife
Coordination Act) are discussed throughout the Affected Environment and Environmental
Consequences, Cumulative Impacts, and Benefits chapters.

2.1.1 Clean Water Act, Section 404

CWA 8404, 33 U.S.C. § 1344, governs the placement of dredged or fill material into waters
landward of the baseline from which the territorial sea is measured (the “Baseline”). The
Baseline generally follows the coastline, but may cut from a point of land across the mouth of
bays, and other similar bodies of water, to another point of land, thus leaving potentially
significant areas of coastal waters landward of the Baseline. Indeed, all of the waters of Long
Island Sound lie landward of the Baseline. Under the CWA, any lawful placement of dredged
material into waters landward of the Baseline must first be authorized by the USACE and must
be conducted in compliance with the conditions of such authorization.

It should be noted that when Federal dredged material placement projects are undertaken by the
USACE, the USACE does not actually issue itself a permit; rather, it applies the same standards
and general procedures under the CWA to determine whether the placement should be
authorized.

In making its permit decisions and recommendations under its Civil Works program, the USACE
applies the standards and criteria set forth in EPA regulations commonly referred to as the
“CWA 8 404(b)(1) Guidelines,” which are promulgated at 40 CFR Part 230 (33 U.S.C.

8§ 1344(b)). The USACE also applies its own regulations promulgated at 33 CFR Parts 320 to
338. In addition, other provisions of applicable law must be satisfied (e.g., applicable state water
quality standards, applicable requirements of state coastal zone management plans, the
Endangered Species Act). USACE permits and Civil Works decisions under CWA Section 404
are subject to review, and potential veto, by EPA.
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Table 2-1. Summary of Applicability of Federal and State Regulations and Programs on Placement Options.

Regulations

Open-
Water
Placement

Confined
Placement

Confined
Placement/
Beneficial

Use

Beneficial Use

Unconfined
Confined

In-Harbor CAD Cell
Landfill Placement

Island CDF
Shoreline CDF

Upland CDF

Nearshore Bar/Berm
Placement Sites

Beach Renourishment
Landfill Cover/

N annina

Brownfield & Other

Redevelonment

Habitat Restoration/
Enhancement or

Mines & Quarries
Creation

Agriculture/
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Road Bed & Berm

Material

Asphalt/Cement &

Other

IAggregates

Notes

Federal Regulations

Clean Water Act

13 | 13

2,3

2,3

2,3

‘additional open-water
regulations apply under
MPRSA

?related to dewatering
discharge or fill placement
in waters of the United
States

Sapplicable if there is a
discharge to the waters of
the State

Marine
Protection
Research and
Sanctuaries Act

Yonly if the material has
been deemed suitable for
placement under the criteria
of MPRSA

Coastal Zone
Management Act

tapplicable for projects
located within the defined
State coastal zone, activities
listed under interstate
consistency, and those
which may affect the
coastal area of the state
(CT, NY, RI)
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Table 2-1. Summary of Applicability of Federal and State Regulations and Programs on Placement Options (continued).
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Table 2-1. Summary of Applicability of Federal and State Regulations and Programs on Placement Options (continued).
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Table 2-1. Summary of Applicability of Federal and State Regulations and Programs on Placement Options (continued).
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Table 2-1. Summary of Applicability of Federal and State Regulations and Programs on Placement Options (continued).
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Table 2-1. Summary of Applicability of Federal and State Regulations and Programs on Placement Options (continued).
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Under CWA Section 401, an applicant proposing any activity requiring a Federal permit that will
result in a discharge to water or wetlands subject to Federal jurisdiction is required to obtain a
state water quality certification (WQC) to ensure that the project will comply with state water
quality standards. Examples of Federal licenses and permits subject to Section 401 WQC
include CWA Section 404 permits for discharge of dredged or fill material issued by the USACE
and Rivers and Harbors Act Section 9 and 10 permits issued by the USACE for activities that
have a potential discharge in navigable waters.

The following paragraphs discuss the Section 401 WQC process for each state within the Long
Island Sound study area.

Connecticut

Placement of dredged material directly within waters of the state or within an area that may
affect those waters triggers a requirement for a WQC. The Office of Long Island Sound
Programs administers WQCs for open water and coastal areas, and the Inland Water Resources
Division administers WQCs for all other state waters (Table 2-1). The discharge must be
consistent with the Federal CWA and the Connecticut water quality standards. In making a
decision on a request, CTDEEP must consider the effects of proposed discharges on both surface
water and groundwater quality and existing designated uses of waters of the state.

New York

NYSDEC regulates any applicant for a Federal license or permit who seeks to conduct an
activity that may result in a discharge to the waters of the state, including all navigable waters,
all wetlands, watercourses, and natural and man-made ponds (Table 2-1). The applicant must
obtain a WQC from NYSDEC that the discharge is consistent with the Federal CWA and New
York water quality standards. In making a decision on a request, NYSDEC must consider the
effects of proposed discharges on both surface water and groundwater quality and existing
designated uses of waters of the state. Activities for which the USACE has issued a Nationwide
404 Permit and for which NYSDEC has correspondingly issued a generic statewide WQC are
exempt from the requirement to obtain an individual WQC.

Rhode Island

The Rhode Island Department of Environmental Management (RIDEM) WQC program is
responsible for ensuring compliance with state water quality regulations for projects that impact
inland and coastal waters such as dredging, filling, water withdrawals, and site disturbances.
Updated Rules and Regulations for Dredging and Management of Dredged Material (Regulation
# DEM-OWR-DR-02-03) ensure that dredging and management of the associated dredged
material are conducted in such a way as to protect groundwater quality, surface water quality,
fish and wildlife, and habitat resources. In-water placement of dredged material is prohibited
unless:

e There is no practicable alternative that would have less adverse impact on the aquatic
ecosystem and that would not itself have significant adverse environmental
consequences;

e Placement will not cause or contribute to violations of applicable water quality standards;

e Placement will not cause or contribute to significant degradation of waters of the state; or
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e Appropriate and practicable steps to minimize the potential adverse impacts of the
placement on the aquatic environment have been taken.

2.1.2 Marine Protection, Research, and Sanctuaries Act

MPRSA regulates the ocean placement of waste, provides for a research program on ocean
placement, and provides for the designation and regulation of marine sanctuaries. Specifically,
MPRSA regulates dredged material placement in waters seaward of the official U.S. Baseline,
which are referred to as “ocean waters” under the statute (33 U.S.C. 8 1402(b)). The Baseline is
recognized as the low-water line along the coast. These waters include the “territorial sea,” a
3-mile (mi) band extending seaward of the Baseline. While CWA Section 404 jurisdiction
extends to the seaward edge of the territorial sea, thus overlapping with MPRSA jurisdiction
within the territorial sea, EPA regulations direct that only the MPRSA program will be applied to
regulate dredged material placement in the territorial sea, while the CWA program will be
applied to discharges of fill material (40 CFR § 230.2(b)).

MPRSA Section 102 authorizes EPA to issue ocean permits for the transport to and placement of
materials into the oceans, excluding wastes regulated by the USACE (primarily dredged
material). Section 102 also directs the EPA Administrator to set criteria for the review of ocean
placement permits. To protect critical ocean areas, EPA may designate the sites and time periods
at which ocean placement can occur. Federal agencies must obtain EPA approval to conduct
ocean placement under MPRSA.

MPRSA Section 103 authorizes the USACE to issue permits for the ocean placement of dredged
material (i.e., material excavated from navigable U.S. waters). Section 103(e) specifically gives
the Secretary of the Army the option of issuing regulations instead of permits for material
dredged from Federal projects. Under Section 103 (33 U.S.C. 8§ 1413), the USACE may issue
authorizations for ocean placement for specific projects at specific selected sites if the placement
“will not unreasonably degrade or endanger human health, welfare, or amenities, or the marine
environment, ecological systems, or economic potentialities” (33 U.S.C. § 1413(a)). In making
that determination, the USACE must apply the site designation evaluation criteria described in
MPRSA Section 102 and must determine whether there are other possible methods of placement
or other appropriate locations for the placement (33 U.S.C. § 1413(b)). In considering
appropriate locations, the USACE must, to the maximum extent feasible, use the sites designated
under MPRSA Section 102 and obtain EPA concurrence on the selected site. Placement at a
selected site is limited to 5 years, unless the site is subsequently designated as a placement site
by EPA or circumstances (set forth in the statute) require an additional 5-year placement period.

The waters of Long Island Sound lie landward of the Baseline and, thus, would be expected to be
subject to regulation under CWA Section 404 and not MPRSA. However, in 1980, MPRSA was
amended to add Section 106(f) to the statute (33 U.S.C. § 1416(f)). This provision is commonly
referred to as the “Ambro Amendment,” named after Congressman Jerome Ambro who is said to
have championed the provision. MPRSA 8 106(f) (33 U.S.C. 8§ 1416(f)) was itself amended in
1990; as currently enacted, it reads as follows:
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“In addition to other provisions of law and notwithstanding the
specific exclusion relating to dredged material in the first sentence
of this title, the dumping of dredged material in Long Island Sound
from any Federal Project (or pursuant to Federal authorization) or
from a dredging project by a non-Federal applicant exceeding
25,000 cubic yards shall comply with the requirements of this
subchapter.”

As a result of this provision, the placement in Long Island Sound of dredged material from
Federal projects (both projects carried out under the USACE Civil Works program and the
actions of other Federal agencies), or from non-Federal projects involving more than 25,000 CY
of material, must satisfy the requirements of both CWA Section 404 and MPRSA. Placement
from non-Federal projects involving less than 25,000 CY of material, however, is subject only to
CWA Section 404.

Regulations implementing MPRSA were promulgated by EPA and are codified pursuant to
MPRSA § 102(a) (33 U.S.C. § 1412(a)), at 40 CFR Parts 220 to 229 (referred to as the Ocean
Dumping Regulations). Title | of MPRSA authorized EPA and the USACE to regulate
placement in U.S. ocean waters. EPA and the USACE share responsibility for managing
dredged material. EPA is also responsible for reviewing and permitting any proposals to place
anything other than dredged material into ocean waters (33 U.S.C. Section 1412(a) and (b)). In
1992, Congress amended MPRSA to permit states to adopt ocean placement standards more
stringent than Federal standards and to require that permits conform to long-term management
plans for designated placement sites, to ensure that permitted activities are consistent with
expected uses of the site.

Like the CWA, MPRSA prohibits the placement of dredged materials into water under its
jurisdiction unless placement is conducted in compliance with a permit issued by the USACE or
approval under the USACE Civil Works program (33 U.S.C. 8§88 1411(a) and 1413(a)). USACE
dredged material placement permits and authorizations are issued under MPRSA Section 103
and may include conditions deemed necessary by the USACE related to the type of material to
be placed, time of placement, and other matters ( U.S.C. 8§88 1413 and 1414(a)). The USACE
issues a permit, or approves a project under its Civil Works authority, only if it has determined
that dredged material placement “will not unreasonably degrade or endanger human health,
welfare, or amenities, or the marine environment, ecological systems, or economic potentialities”
(33 U.S.C. §1413(a)). Similar to the CWA Section 404 program, however, the USACE makes
MPRSA Section 103 determinations by the standards set forth in EPA regulations (33 U.S.C. §
1413(b)).

USACE permit determinations and Civil Works approvals are also subject to any applicable
requirements of other laws (e.g., the Endangered Species Act, CZMA). In addition, USACE
authorizations under MPRSA Section 103 are subject to EPA review and concurrence, including
the potential for EPA to either veto or add conditions to the permit or to the Civil Works
approval (33 U.S.C. 8§88 1413(c) and 1414(a)). As with the CWA Section 404 program, the
USACE does not issue permits under MPRSA for USACE dredged material placement projects
under its Civil Works authority; rather, it authorizes its own placement projects by applying the
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same substantive and procedural requirements “in lieu of” the permit procedures (33 U.S.C. 8§
1413(e)). Such USACE authorizations for USACE projects are subject to EPA review.

The USACE and EPA are required to review and evaluate authorizations for placement using
criteria that include the following:

e The need for the proposed placement;

e The effect of the placement on human health and welfare; fisheries resources, plankton,
fish, shellfish, wildlife, shorelines, and beaches; and marine ecosystems;

e The persistence and permanence of the effects of the placement;

e The effect of placing particular volumes and concentrations of such materials;

e Appropriate locations and methods of placement or recycling, including land-based
alternatives; and

e The effect on alternate uses of oceans, such as scientific research and utilization of living
and non-living resources.

Management plans for ocean dredged material disposal sites are required pursuant to §102(c) of
the MPRSA, as amended by 8506(a) of the Water Resources Development Act (WRDA) of
1992. In accordance with MPRSA (Section 103(a)), disposal activities at the site “will not
unreasonably degrade or endanger human health, welfare, or amenities, or the marine
environment, ecological systems, or economic potentialities”. Details of site monitoring are
provided in Section 2.3 of this PEIS.

2.1.3 Coastal Zone Management Act

In 1972, CZMA established a national program to encourage coastal states to develop and
implement coastal zone management plans. Connecticut, New York, and Rhode Island have
developed coastal zone management plans and programs that were Federally approved under
CZMA. Section 307 of CZMA 1972, as amended, requires that if Federal agencies propose
activities within or outside the coastal zone that may have a reasonably foreseeable effect on land
or water use or natural resource of the coastal zone, the agencies must ensure that those activities
are conducted in a manner which is consistent, to the maximum extent practicable, with the
enforceable policies of approved state coastal management programs.

CZMA has particular relevance to any nearshore, beach, or inland placement activity within each
state’s defined coastal zone boundary and adjacent states if the activity has a reasonably
foreseeable effect, including those activities listed in each state’s coastal management plan under
interstate consistency. CZMA is applicable to Federal, state, and local projects that will need a
Federal license or permit or that receive Federal financial assistance.

Under CZMA, states can request interstate consistency, which allows a state to review Federal
actions occurring in another state’s coastal zone when the Federal action will affect uses or
resources in the state’s coastal zone. In the case of Long Island Sound, the National Oceanic and
Atmospheric Administration (NOAA) Office of Ocean and Coastal Resource Management has
approved interstate reviews for Connecticut and New York with regard to actions pursuant to
Section 404 of the CWA and Section 103 of MPRSA in Long Island Sound and Fishers Island
Sound. Connecticut’s interstate activities list for actions pursuant to Section 404 of the CWA
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and Section 103 of MPRSA items also includes the Byram River, Little Narragansett Bay, and/or
the Pawcatuck River in Rhode Island. Based on this authority, Connecticut and New York will
review all CWA and MPRSA permitted actions that occur in the Long Island Sound study area.

2.1.4 USACE Permitting Authority

A USACE permit is required for any discharge of dredged material in waters of the United States
by a party other than the USACE. The USACE has jurisdiction for this permitting under

Section 10 of the Rivers and Harbors Act (33 U.S.C. § 403) and, depending on where the
placement occurs, under either CWA Section 404 or MPRSA Section 103.

The USACE is the lead Federal agency for all permit actions dealing with open-water placement
of dredged material. To ensure that this placement will not unduly degrade or endanger the
marine environment and will not adversely affect human health, the marine environment, or
other ocean uses, the USACE works cooperatively with Federal and state regulatory and resource
agencies throughout the permitting process. Material placed within the coastal zone must receive
state coastal consistency, and state statutes and local zoning laws control where and how dredged
material is placed in the upland outside of the coastal zone.

Under Section 404 of CWA, with the exception of EPA, the role of these regulatory and resource
agencies is advisory; but the USACE rarely, if ever, issues a permit if any of these agencies
advise against it. Under Section 103 of MPRSA, however, the USACE cannot issue a permit
until EPA determines that the placement will comply with the criteria in 40 CFR 227.4. Thus,
for projects placing more than 25,000 CY of dredged material in Long Island Sound and for all
dredged-material placements from Federal projects, it is the EPA and not the USACE that has
final decision-making authority.

2.2 DREDGED MATERIAL TESTING AND CLASSIFICATION

One of the first steps in the permit application review process for both CWA and MPRSA
projects is for the USACE, working with the state and Federal resource agencies and the
applicant, to develop sampling and testing plans to determine the suitability of the material
placement. The USACE solicits comments from the National Marine Fisheries Service (NMFS),
U.S. Fish and Wildlife Service (USFWS), EPA, the CTDEEP Office of Long Island Sound
Programs, the state of New York, and the Rl CRMC as described in the State of Rhode Island
Coastal Resources Management Program, as appropriate, in preparing the sampling and testing
plans that initiate the permit process.

Any proposal for the placement of dredged material from a particular project must begin with an
examination of the nature of the material. Federal and non-Federal projects evaluated under
MPRSA or CWA are subjected to the same qualitative analysis. Applicants perform sampling
and analysis based on these plans, and the USACE and Federal agencies review the results
according to several testing protocols designed for regional and national use. In this way, they
determine the suitability of the material for placement at a given site.

National guidance for determining whether dredged material is acceptable for open-water
placement is provided in the Ocean Testing Manual (also known as the Green Book) (EPA and
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USACE, 1991). The Inland Testing Manual (EPA and USACE, 1998) provides guidance for
CWA Section 404 projects. A Regional Implementation Manual, consistent with the Green
Book and the Inland Testing Manual, provides specific testing and evaluation methods for
dredged material projects at specific sites or groups of sites. The testing guidance manuals use a
tiered approach that was developed with reference to the requirements of CWA, MPRSA and the
Ocean Dumping regulations, and the 2004 Regional Implementation Manual (EPA and USACE,
2004b) for dredged material testing and evaluation in the Long Island Study Area. The tiered
testing approach is summarized in Figure 2-1.

Guidance for testing materials proposed for dredging and placement at an island, nearshore, or
upland CDF can be found in USACE (2003). The guidance provides methods for the
assessment, where appropriate, of potential effects of the proposed placement of dredged
material in upland, nearshore, and island CDFs. It uses physical, chemical, and biological
analyses as necessary to provide effects-based conclusions within a tiered framework regarding
potential contaminant-related impacts outside the CDF associated with the five potential
pathways: effluent, precipitation runoff, leachate and seepage, volatilization, and direct uptake
by wetland and terrestrial plants and animals (USACE and EPA, 1992).

Whether or not any particular material from a dredging project is suitable for open-water
placement, beneficial use (such as beach nourishment, marsh creation, or other aquatic habitat
development), use as structural fill, or any other commercial application first depends on an
evaluation of its physical properties. Material found, through physical testing, to consist of clean
sand, gravel, rock, or geological parent material (such as glacial tills and marine clays) may in
certain circumstances be excluded from further testing (40 CFR 8 227.13). This material is often
made available for consideration in beneficial uses as described in further detail in subsequent
chapters.

Material that includes silts, material with high organic content, and other shoal material from
harbors and areas with a history of contamination and industrial use are subjected to additional
chemical testing to determine the relative likelihood of suitability. For materials exhibiting
higher concentrations of contaminants in comparison to reference site values, project proponents
may elect not to incur the cost of further testing and may investigate non-open-water options
such as containment and treatment. For materials with chemical test results that do not exhibit
high concentrations of contaminants, or where the project proponents wish to maintain the option
of open-water placement and other uses, the sediment is subjected to further tests aimed at
predicting the biological response to exposure to the material during different phases of the
placement process. These tests are generally described as bioassay (toxicity) tests, and
bioaccumulation (tissue uptake of contaminants) tests.

Toxicity tests consist of exposing test organisms to the proposed dredged material and
comparing survivability rates to selected organisms exposed to both reference and control
materials. A reference material is whole sediment collected from a site that is near, but is not
under the influence of, a placement site. A control material is a whole sediment that is
essentially free of contaminants and is used routinely to assess the acceptability of a toxicity test.
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Where the dredged material exhibits greater toxicity to test species than the reference sediments
(using statistical tests and nationally developed interpretation guidance), project proponents may
elect to forgo any further cost of testing for suitability for open-water placement and seek
alternative placement methods. Material that exhibits toxicity comparable to the reference
sediments may also be required to undergo bioaccumulation testing before any determination on
suitability for open-water placement can be made. In general terms, bioaccumulation involves a
long exposure of test organisms to representative sediment proposed for dredging, followed by
analysis of their tissues to determine the potential for uptake of contaminants from the proposed
dredged material. The test results are evaluated to determine the risk of exposure to ecological
and human health. Dredged material that is determined through these testing protocols to pose
no unacceptable risk to the human or ecological health is deemed suitable for ocean placement.
These findings may be accompanied by placement management requirements.

The unique nature of the regulatory requirements in Long Island Sound, specifically the dual
application of MPRSA and CWA, results in differing regulatory approaches for dredged
materials, depending on the proponent and the size of the proposed dredging project (see the
discussion in Section 2.1.2 on the Ambro Amendment). Non-Federal projects seeking to place
25,000 CY of dredged material or less are not subject to the requirements of MPRSA. Materials
from these smaller dredging projects that exhibit potential for adverse impacts may sometimes
still be placed in open water under CWA with proper placement management.

2.3 SITE MANAGEMENT AND MONITORING

As noted previously, management plans for ocean dredged material disposal sites are required
pursuant to §102(c) of the MPRSA to ensure that disposal activities at the site "will not
unreasonably degrade or endanger human health, welfare, or amenities, or the marine
environment, ecological systems, or economic potentialities.” The purpose of a Site
Management and Monitoring Plan (SMMP) is to synthesize prior site monitoring results and
outline a monitoring program and management plan for offshore dredged material disposal sites
(ODMDS) that complies with the requirements of MPRSA Section 103a. Although this
management plan focuses on MPRSA requirements, because sediments in Long Island Sound
fall under both MPRSA and CWA regulations, materials determined suitable for disposal under
Section 404 of the CWA will also be disposed at the site. Regardless of the source of the
material (i.e., CWA or MPRSA), all material disposed at the site will be subjected to the same
monitoring requirements.

The SMMP serves as a framework to guide the development of future project-specific sampling
and survey plans created under the monitoring program. The data gathered from the monitoring
program will be routinely evaluated by EPA New England Region, the USACE NAE and other
agencies to determine whether modifications in site usage, management, testing protocols, or
additional monitoring are warranted. The SMMP will be reviewed on an annual basis and will
be revised and updated as necessary (or at a minimum of every ten years as required under
MPRSA).

SMMPs were developed for both the WLDS and CLDS (EPA and USACE, 2004a). The intent
of the SMMP is to provide a management framework and monitoring program that strives to
minimize the potential for significant adverse impacts to the marine environment from dredged
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material disposal. To this end, the SMMP identifies actions, provisions, and practices necessary

to manage the operational aspects of dredged material disposal at the ODMDSs. Section 40 CFR
§ 228.10(a) of the Ocean dumping regulations requires that the impact of disposal at a designated
site be evaluated periodically. Section 40 CFR § 228.10(b) specifically requires consideration of
the following types of potential effects when evaluating impact at a disposal site:

e Movement of materials into sanctuaries or onto beaches or shorelines [228.10(b)(1)];

e Movement of materials towards productive fishery or shellfishery areas [228.10(b)(2)];

e Absence from the disposal site of pollutant-sensitive biota characteristic of the general
area [228.10(b)(3)];

e Progressive, non-seasonal, changes in water quality or sediment composition at the
disposal site when these changes are attributable to materials disposed of at the site
[228.10(b)(4)];

e Progressive, non-seasonal, changes in composition or numbers of pelagic, demersal, or
benthic biota at or near the disposal site when these changes can be attributed to the
effects of materials disposed at the site [228.10(b)(5)];

e Accumulation of material constituents (including without limitation, human pathogens) in
marine biota at or near the site (i.e., bioaccumulation [228.10(b)(6)]).

40 CFR Section 228.10(c) requires that a disposal site be periodically assessed based on the
entire available body of pertinent data and that any identified impacts be categorized according
to the overall condition of the environment of the disposal site and adjacent areas. Because
knowledge and understanding of impacts resulting from dredged material disposal have
advanced substantially over the past several decades, the monitoring approach defined in the
SMMP focuses on those factors that provide an early indication of potential unacceptable effects
and provides for further assessments should these early indicators suggest impact may be
occurring. The plan also incorporates ongoing regional monitoring programs in Long Island
Sound, such as the Disposal Area Monitoring System (DAMOS) program, that can provide
additional information to inform the periodic assessment of impact.

The specific objectives of the SMMP are:

Objective 1: To ensure site management practices and disposal options are sufficient to
avoid degradation or endangerment to the environment.

Management involves 1) coordination among Federal and state agencies responsible for
managing dredged material disposal in coastal waters, 2) regulating the timing of disposal(s),
quantity of material, and physical/chemical characteristics of dredged material placed at the site,
3) instituting disposal controls, conditions, and requirements that avoid or minimize potential
impacts to the marine environment, 4) ensuring permit conditions are met, and 5) monitoring to
verify that unanticipated or significant adverse effects are not occurring from use of the disposal
site. The phrase “significant adverse impact” is inclusive of all significant or potentially
substantial negative impacts on resources within the ODMDS or its vicinity. Factors to be
considered under this objective include:

e Evaluating compliance with CWA or MPRSA permit conditions and conducting

enforcement actions where warranted and as appropriate;
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e Providing reasonable assurance that use of the site will not adversely affect beaches,
shorelines, or productive fish and shellfish areas.

Objective 2: To ensure a monitoring program and data review process that evaluates
whether disposal of dredged material at the site unreasonably degrades or endangers
human health and welfare, the marine environment, or economic potentialities.

The factors to be evaluated under this objective include:

e Biotic characteristics on dredged material mounds and nearby areas;

e Progressive, non-seasonal, changes in water quality or sediment composition at the
disposal site;

e Progressive, non-seasonal, changes in composition or numbers of pelagic, demersal, or
benthic biota at or near the site(s);

e Accumulation of material constituents in marine biota near the site.

To achieve these objectives, the SMMP includes the following components:

e A baseline assessment of current conditions against which future monitoring results can
be compared,;

e A description of special management conditions to be applied;

e A schedule for review and revision of the SMMP; and

e A monitoring plan.

Effective environmental monitoring programs draw on available knowledge and understanding
to establish approaches and clearly define monitoring objectives that focus on the primary issues
of concern. Historically, monitoring of disposal sites in New England has relied on the USACE
DAMOS Program as the tool for data collection. The DAMOS program uses a tiered monitoring
framework (Germano, et al., 1994). The monitoring program presented in SMMPs incorporate
many of the features of the DAMOS framework. The goal of the monitoring program for WLDS
and CLDS is to generate information that will:

e indicate whether disposal activities are occurring in compliance with permit and site
restrictions;

e support evaluation of the short-term and long-term fate of materials based on MPRSA
site impact evaluation criteria;

e support assessment of potential significant adverse environmental impact from dredged
material disposal at WLDS and CLDS.

To achieve this goal, data will be developed in two areas: 1) compliance with conditions in
disposal permits and authorizations and 2) environmental monitoring of the ODMDS and nearby
regions. The latter information will be evaluated together with historic and ongoing dredged
material testing data and other accessible and relevant databases. These data will be provided to
the EPA, USACE, and states of Connecticut and New York at least one month prior to the
annual agency planning meeting. The evaluation of impacts from disposal at the site will be
accomplished through a comparison of the conditions at the disposal mound(s) to historical
conditions (e.g., changes in historic mound height and footprint) or to unimpacted nearby
reference stations. The meeting participants will use this information and the monitoring data
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gathered in the previous year to assess the potential impact and plan monitoring surveys. EPA
and the USACE will coordinate to implement the appropriate action (e.g., field surveys,
additional investigations, or management actions [or subset of actions]) within the tiered
Monitoring Program and address any need to mitigate unacceptable situations.

Recognizing and correcting any potential unacceptable condition before it causes any significant
adverse impact to the marine environment or presents a navigational hazard to commercial and
recreational water-borne vessel traffic is central to this SMMP. Therefore, the plan includes a
monitoring program that uses a “leading indicator” approach to provide early evidence of
unexpected responses as further described in detail in Section 6.0 of both the WLDS and the
CLDS SMMPs. The identification of unacceptable impacts from dredged material disposal at
the ODMDS will be accomplished in part through comparisons of the monitoring results to
historical (i.e., baseline) conditions, and in part through comparison to unimpacted nearby
reference locations measured concurrently with site measurements. The timing of monitoring
surveys and other activities will be governed by funding resources, the frequency of disposal at
the site, and the results of previous monitoring data. If site monitoring data demonstrates that the
disposal activities are causing unacceptable impact to the marine environment as defined under
40 CFR § Section 228.10(b), the site managers may place appropriate limitations on site usage to
reduce the impact to acceptable levels. Such responses may range from withdrawal of the site’s
designation to limitations on the amounts and types of dredged material permitted to be disposed
or limitations on the specific disposal methods, locations, or schedule.

24 THE DAMOS PROGRAM

DAMOS is a program carried out by the New England District of the USACE to monitor and
manage aquatic dredged material placement sites from Long Island Sound to Maine. Sites that
are monitored include exposed, open-water placement sites; near-shore placement sites; and
confined aquatic disposal or CAD cell sites. DAMOS is a comprehensive monitoring program
designed to address the common questions and concerns that regulators and the public have
regarding in-water placement of dredged material:

e Can the dredged material be accurately placed at a given site?

e Will there be an unacceptable release of material to the water column as it is released
from a barge/scow and falls through the water column?

e Will the placed material cause an unacceptable impact to the benthic community?

e Does the placed material remain in place or will it be disturbed by currents and storms?

e Are there site-specific concerns such as proximity to a fisheries resource?

Although DAMOS is a USACE program, the overall direction and specific site survey objectives
are determined in close cooperation with the USEPA as well as with regulatory agencies in the
New England states.

History of the DAMOS Program: With the growing awareness of environmental impacts in the
1960s and the passage of the CWA and the MPRSA in the 1970s, a series of scientific
investigations were carried out in New England waters to determine the effects of open-water
placement of dredged material. The USACE participated in these studies along with newly
formed environmental agencies and academic institutions, and DAMOS was formally initiated in
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1977 as a dedicated New England District program. For nearly four decades, DAMOS has
performed annual site surveys throughout New England waters at both active and historic
dredged material placement sites.

Tools Used to Investigate Dredged Material Placement Sites: The DAMOS Program utilizes
state-of-the-art instrumentation to monitor the water column and the seafloor, and DAMOS
investigators have been involved in the development of some of that instrumentation. At present,
the primary survey tools include multi-beam bathymetry and side-scan sonar (to map the depth,
features, and characteristics of the seafloor); sediment profile and plan view imaging (to assess
physical, chemical, and biological conditions at the sediment water interface); sediment
collection using grabs and coring devices (to allow for laboratory physical, chemical, and
biological analyses); acoustic Doppler current profiler (to measure currents and suspended matter
within the water column); water quality instrumentation (to measure parameters such as
dissolved oxygen, pH, and turbidity); highly accurate GPS instrumentation (to track the barge
placement of dredged material and monitor the sites).

Types of Studies Carried-Out by the DAMOS Program: The DAMOS Program includes both
confirmatory and focused investigations. Confirmatory surveys are performed periodically at
sites with recent disposal activity, with a tiered monitoring approach designed to allow for
efficient assessment of potential impacts and overall compliance. Primary goals include
documentation of the physical location of dredged material placement at a specific disposal site
and evaluation of the environmental status of the disposal site relative to placement at a specific
disposal site and evaluation of the environmental status of the disposal site relative to nearby
reference areas. Focused investigations are undertaken to evaluate inactive/historic disposal sites
or to further knowledge on specific disposal and monitoring techniques. A hallmark of the
DAMOS Program has been the development of clear monitoring objectives that drive the
collection of meaningful data and allow for translation of those data that can support
management actions.

Public Availability of DAMOS Information: All of the information gathered through the
DAMOS Program is publically available. Following a survey at a given site, the collected data
are analyzed, and a summary report is typically prepared, and reports can be downloaded from:
http://www.nae.usace.army.mil/Missions/DisposalAreaMonitoringSystem(DAMOS).aspx

Program results are also presented periodically in scientific journals and at conferences and
symposia. The DAMOS Program Manager serves as a co-chair with the USEPA for the New
England Regional Dredging Team (NERDT) made up of federal and state agencies involved in
the permitting and regulation of dredging and dredged material placement. The NERDT meets
quarterly and communicates frequently by email, allowing for close coordination among the
New England states on dredging and placement approaches (including beneficial use of dredged
material). Information on the NERDT can be found at:

http://nerdt.org/

What has been Learned from DAMOS Program Investigations: To date, the DAMOS Program
has generated over 200 detailed reports addressing all of the major questions and concerns
related to placement of dredged material in an aquatic environment. In summary:


http://www.nae.usace.army.mil/Missions/DisposalAreaMonitoringSystem(DAMOS).aspx
http://nerdt.org/
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e Dredged material can be placed in the aquatic environment with very high accuracy. For
nearshore placement or for placement within a CAD cell, material can be placed within 10’s
of feet of a target location. Even in deeper, open-water locations, material can be placed
within 100-200 feet a target location.

e Multiple field investigations have clearly demonstrated that only a very limited amount of
material is released to the water column during placement. This is supported by computer
simulation and academic studies of the hydrodynamics of materials falling through a water
column.

e Sequential surveys of biological conditions at sites following the placement of dredged
material consistently show a rapid recovery of the benthic community to that of the
surrounding habitat outside of the disposal site.

e With the nearly 40 year record of surveys, there have been multiple opportunities to evaluate
the passage of large storms (both hurricanes and nor’easters) on the dredged material
deposits on the seafloor. These investigations have demonstrated long-term stability of the
deposits even at the most exposed energy sites.

e The placement sites and surrounding areas are actively fished throughout New England
waters, with no discernable impacts.

2.5 AUTHORIZED FEDERAL PROJECTS AND AMOUNTS

The dredging needs in the study area were updated in 2009 (USACE, 2009) and again in 2015
(as described in Section 1.1 of this PEIS). The dredging needs study area includes all navigable
rivers, harbors, and coastal waters in Long Island Sound in Connecticut and New York east of
Throgs Neck to a line drawn from Westerly, Rhode Island, south to Montauk Point, including the
waters of the Peconic Bay and Gardiners Bay shorelines in New York; the Fishers Island Sound
shores of Connecticut, New York, and Rhode Island; and the Block Island Sound shores of New
York and Rhode Island (Figure 2-1). The Connecticut River below Hartford is included, as is the
Thames River to Norwich, the Housatonic River to Derby, and the Peconic River to Riverhead,
New York. All harbors and all port- or navigation-dependent facilities in this area, whether
Federal or not, are included in the study area. Of the 731 facilities surveyed, 451 facilities
(61.7%) provided responses. The locations of the facilities that responded to the 2009 dredging
needs study questionnaire are shown in Figure 2-2.

Dredging centers were used to determine where the largest quantities of dredged material would
originate, as determined from information returned on a dredging needs questionnaire. The
centers are based on geographic location and logical points of origin for dredged material
placement. The study area was divided into 27 dredging centers; their locations are shown in
Figure 2-3. Table 2-2 lists the dredging centers and the communities under the purview of each
center.
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Figure 2-2. Location of Navigation Dependent Facilities that Responded to the 2009 Long

Island Sound Dredging Needs Study.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 2-23
74°150"W W T3S0 73390 T1FOW TIoW T24T0W 72390 T2150W 7200 TraFOW TIeoW TIIFOW
/’\ % § o f \'_7
e / ‘,‘\ "
S \ !
| z
é- / —L‘”‘ i Eg
g i g
Tolland
Windham
z Litchfield z
=) o
) el el
E bl
5 %
=1 N
New London 8
z / {n z
o Clinton / Westbrook New LDndon‘ . p' . LS
by Area i Area  Washington i&/ﬁ;” )
b 2, Niantic Thames Cor -
New Haven 2 Rivar Fishers Island Sound/
1 i
Housatonic Rivet]. e i/ Little Narragansett Bay
Milford Area \_\ Area Guilford { Branford
Fairfield o
- / Housatonic 1 .
2 ‘ I ?
o] / 4 Uit Bridgeport Area I -2
E / : 3 Eastern Study 5
Fishers Area Bound;
£ Norwalk Area P e BlockiIsland/Sound, J A ok
Montauk
> Stamford Area o
/ -
o onwich A5 L'ong|/sland!Sound, N ardmers o - Block IsLand
- oy Suffolk County == =
z Port Chester / Rye Area North Shore Area 2
o= ==
35 |—+. Mamaroneck Area/ ) S
N {/  New Rochelle Area Shelter’Island/
Port Jefferson! Feconic. Gardiner's Bay
Eastchester Bay Area bkl n
.y = Mount Sinai River Y, Dredging Centers Map
B hof // i .
\“cz::g“az / suffolk  SMithtown Bay / Stony Brook Gri?tltli ® Dredging Centers
. %\ Hempstead Huntington & Northport Bay A‘;\ew Peconic Bays Boundary Type "
£ [ o HarborAre‘ﬁ Oyster Bay / Cold Spring AL State Boundary | o
g 41 (FNeck Manhasset & Little Harbor Area . [ connecticut g
g | .
>/7 7 DeckBaye [ New York
T g o [ Rhode Island
S y 3 - L Z1Study Area Walerbodies
/ - T / N Major Waterbodies
g = 0 5 10 20 30 40 g
&7 - e s Miles B
g e 2
400w 73agow T3avow TriseW 7300w 450w 2300w 150w 7200w 7450w 1300w

Figure 2-3. Dredging Centers within Long Island Sound.
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Table 2-2. Long Island Sound Dredging Centers.
Dredging Center City/Town County State
Block Island Area Block Island (New Shoreham)  Washington RI
Fishers Island Fishers Island Suffolk NY
Fishers Island Sound-L.ittle Mystic New London CT
Narragansett Bay Area Noank New London CT
Pawcatuck New London CT
Stonington New London CT
Westerly Washington RI
New London Area Groton New London CT
Montville New London CT
New London New London CT
Norwich New London CT
Ledyard New London CT
Preston New London CT
Niantic Area Waterford New London CT
Niantic (East Lyme) New London CT
Connecticut River Chester Middlesex CT
Cromwell Hartford CT
Deep River Middlesex CT
East Haddam Hartford CT
East Hampton Middlesex CT
East Hartford Hartford CT
Essex Middlesex CT
Glastonbury Hartford CT
Haddam New London CT
Hartford Hartford CT
Lyme New London CT
Middletown Middlesex CT
Old Lyme New London CT
Old Saybrook Middlesex CT
Portland Middlesex CT
Rocky Hill Hartford CT
Wethersfield Hartford CT
Clinton-Westbrook Area Clinton Middlesex CT
Westbrook Middlesex CT
Guilford-Branford Area Branford New Haven CT
Guilford New Haven CT
Madison New Haven CT
New Haven Area East Haven New Haven CT
New Haven New Haven CT
West Haven New Haven CT
Housatonic River-Milford Area Derby Fairfield CT
Milford New Haven CT
Orange Fairfield CT
Shelton Fairfield CT
Stratford Fairfield CT
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Table 2-2. Long Island Sound Dredging Centers (continued).
Dredging Center City/Town County State
Bridgeport Area Bridgeport Fairfield CT
Fairfield Fairfield CT
Norwalk Area Darien Fairfield CT
Norwalk Fairfield CT
Southport Fairfield CT
Westport Fairfield CT
Stamford Area Stamford Fairfield CT
Greenwich Area Greenwich Fairfield CT
Port Chester-Rye Area Rye Westchester NY
Mamaroneck Area-New Rochelle
Area Mamaroneck Westchester NY
New Rochelle Westchester NY
Eastchester Bay Area Bronx Bronx NY
Mount Vernon Westchester NY
Pelham Westchester NY
Manhasset and Little Neck Bays
Area Great Neck Nassau NY
Kings Point Nassau NY
Manhasset Nassau NY
Port Washington Nassau NY
Queens Queens NY
Hempstead Harbor Area North Hempstead Nassau NY
Oyster Bay Nassau NY
Oyster Bay-Cold Spring Harbor Huntington Suffolk NY
Area Oyster Bay Nassau NY
Huntington and Northport Bay
Area Huntington Suffolk NY
Smithtown Bay-Stony Brook Area Brookhaven Suffolk NY
Huntington Suffolk NY
Smithtown Suffolk NY
Port Jefferson-Mount Sinai Area Brookhaven Suffolk NY
Suffolk County North Shore Area Brookhaven Suffolk NY
Riverhead Suffolk NY
Southold Suffolk NY
Great and Little Peconic Bays Area  Riverhead Suffolk NY
Southampton Suffolk NY
Southold Suffolk NY
Shelter Island-Gardiner's Bay Area  East Hampton Suffolk NY
Shelter Island Suffolk NY
Southampton Suffolk NY
Southold Suffolk NY
Montauk Area East Hampton Suffolk NY
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2.5.1 USACE and Other Federal Projects

The locations of USACE Navigation Projects and other Federal agency projects in the study area
identified in the Dredging Needs Study (USACE, 2009) are shown in Figure 2-4. Projected
dredged material volumes are shown in Table 2-3. The 30-year projected dredging volumes for
USACE Navigation Projects presented in the table were updated in 2014 by the USACE.
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Figure 2-4. Map of Federal Dredging Projects in Long Island Sound.
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Table 2-3. Projected Dredging Volumes of USACE and other Federal Navigation Projects
Within Long Island Sound.

Label P_Ir_())ljsé:t Project Name Town State V(%Ig(r;]e
1 USACE | Block Island Harbor of Refuge New Shoreham RI 210,200
2 USACE | Great Salt Pond New Shoreham RI 140,000
3 USACE | Hay (West) Harbor Fishers Island NY 12,000
4 USACE | Pawcatuck River Stonington CT 173,000
5 USACE | Little Narragansett Bay Stonington CT 153,100
6 USACE | Watch Hill Cove Stonington CT 12,200
7 USACE | Stonington Harbor Stonington CT 6,600
8 USACE | Mystic Harbor Groton & Stonington CT 555,100
9 USACE | New London Harbor New London CT 816,200
10 USACE | Thames River New London & Groton | CT 3,734,50
11 Other | Naval Submarine Base, New London | Groton CT 475,000
12 Other | U.S. Coast Guard Station, New New London cT 4,000

London
13 Other | U.S. Coast Guard Academy New London CT 110,000
14 USACE | Niantic Bay and Harbor East Lyme & Waterford | CT 18,000
15 USACE | North Cove Old Saybrook CT 872,700
16 USACE | Essex Cove Essex CT 25,000
17 USACE | Eightmile River Lyme CT 45,200
18 USACE | Connecticut River Below Hartford Various CT 3,448,40
19 USACE | Patchogue River Westbrook CT 120,000
20 USACE | Duck Island Harbor of Refuge Westbrook CT 1,948,00
21 USACE | Clinton Harbor Clinton CT 164,900
22 USACE | Guilford Harbor Guilford CT 135,800
23 USACE | Stony Creek Harbor Branford CT 132,700
24 USACE | Branford Harbor Branford CT 289,200
25 USACE | New Haven Harbor New Haven CT 7,740,00
26 USACE | West River New Haven CT 227,300
27 USACE | Mill River New Haven CT 201,500
28 USACE | Quinnipiac River New Haven CT 217,100
29 Other ;J(.j.ngoast Guard Sector Long Island New Haven cT 60,000
30 USACE | Milford Harbor Milford CT 199,500
31 USACE | Housatonic River downstream of Stratford to Ansonia CT 1,237,00
32 USACE | Housatonic River upstream of Stratford to Ansonia CT 203,900
33 USACE | Bridgeport Harbor - Outer Harbor? Bridgeport CT 665,600
34 USACE | Bridgeport Harbor - Inner Harbor? Bridgeport CT 1,034,40
35 USACE | Pequonnock River? Bridgeport CT 164,700
36 USACE | Yellow Mill Channel? Bridgeport CT 126,900
37 USACE | Johnsons Creek Bridgeport CT 88,000
38 USACE | Black Rock Harbor Bridgeport CT 619,500
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Table 2-3. Projected Dredging Volumes of USACE and other Federal Navigation Projects
Within Long Island Sound (continued).

Label P.Ir_%a:t Project Name Town State V(%"\J(r;e
39 USACE | Southport Harbor Fairfield CT 78,600
40 USACE | Westport Harbor Westport CT 50,700
41 USACE | Norwalk Harbor Norwalk CT 687,000
42 USACE | Wilsons Point Norwalk CT 618,900
43 USACE | Fivemile River Darien & Norwalk CT 55,400
44 USACE | Westcott Cove Stamford CT 68,700
45 USACE | Stamford Harbor Stamford CT 630,600
46 USACE | Mianus River Greenwich CT 137,700
47 USACE | Greenwich Harbor Greenwich CT 427,700
48 USACE | Port Chester Harbor Rye NY 366,000
49 USACE | Milton Harbor Rye NY 140,400
50 USACE | Mamaroneck Harbor Mamaroneck NY 210,100
51 USACE | Echo Bay New Rochelle NY 59,200
52 USACE | New Rochelle Harbor New Rochelle NY 82,600
53 USACE | Eastchester Creek Bronx NY 397,800
54 USACE | Little Neck Bay Bayside & Douglaston NY 1,114,40

Other | Yocum Sailing Center, U.S.
55 Merchant Marine Academy & U.S. Great Neck NY 66,400
Coast Guard Station Kings Point
56 USACE | Hempstead Harbor Roslyn NY 186,900
57 USACE | Glen Cove Creek Glen Cove NY 53,500
58 | USACE | Huntington Harbor Huntington NY 55,600
59 USACE | Northport Harbor Huntington NY 101,600
60 Other Hei.kCOast Guard Station, Eatons Northport NY 186,000
61 USACE | Port Jefferson Harbor Brookhaven NY 0
62 USACE | Mattituck Harbor and Inlet Mattituck NY 113,200
63 USACE | Peconic River Riverhead NY 13,300
64 USACE | Greenport Harbor Greenport NY 3,200
65 other | u.s. Department of Homeland Orient Point/Plum Island | NY 20,000
Security
66 USACE | Lake Montauk Harbor Montauk NY 193,200
67 Other | U.S. Coast Guard Station Montauk NY 0

L Volumes are totals for both maintenance and improvement dredging.
2 The Bridgeport Harbor Federal Navigation Project and associated sub-projects of Pequonnock River and
Yellow Mill Channel are the subject of a separate DMMP currently being finalized by the USACE, which
will be summarized in the regional DMMP (USACE, 2012). The base plan for these projects has already
been defined, and they were not included as part of the alternative site screening for the Long Island
Sound PEIS.
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2.5.2 Non-Federal Projects

Dredging needs for non-Federal navigation projects in Rhode Island, Connecticut, and New York
in and around Long Island Sound were assessed by dredging center only (see Figure 2-3), not by
individual dredging project (Table 2-4). Note: data for non-Federal projects are included for
informational purposes only; this PEIS analyzes USACE Navigation Projects and other Federal
agency projects only.

Table 2-4. Projected Dredging VVolumes from the Dredging Centers
(Non-Federal Projects).

Projected
Volume!
Dredging Center (CY)
Block Island Area 36,000
Fishers Island 53,200
Fishers Island Sound-Little Narragansett Bay Area 730,800
New London Area 794,700
Niantic Area 482,400
Connecticut River 1,428,400
Clinton-Westbrook Area 809,300
Guilford-Branford Area 481,800
New Haven Area 2,410,100
Housatonic River-Milford Area 220,400
Bridgeport Area 657,000
Norwalk Area 358,900
Stamford Area 324,600
Greenwich Area 227,000
Port Chester-Rye Area 148,000
Mamaroneck Area-New Rochelle Area 283,800
Eastchester Bay Area 31,700
Manhasset and Little Neck Bays Area 363,200
Hempstead Harbor Area 90,700
Oyster Bay-Cold Spring Harbor Area 65,000
Huntington and Northport Bay Area 3,177,500
Smithtown Bay-Stony Brook Area 1,062,600
Port Jefferson-Mount Sinai Area 200,600
Suffolk County North Shore Area 61,400
Great & Little Peconic Bays Area 2,122,000
Shelter Island-Gardiner's Bay Area 1,689,600
Montauk Area 416,600

Projected volumes are totals for both maintenance and improvement dredging.
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26 DREDGED MATERIAL CHARACTERISTICS OF THE STUDY AREA

General characteristics of the material previously tested and dredged from locations throughout
the study area have been compiled in two places. The first is a narrative compilation of dredging
projects permitted by the USACE since the late 1940s (USACE, 2014). The second is a
sediment quality database developed by the State of Connecticut (CTDEEP, 2007), known as
SQUID (Sediment Quality Information Database).

2.6.1 USACE Long Island Sound Harbor Characterization Data

Selected details of the Harbor Characterization of USACE Navigation Projects (USACE, 2014)
and the Long Island Sound DMMP were used to support the dredged material suitability
screening for this PEIS (Chapter 6). These reports include project-specific information such as
date of last dredging, placement location, and volume of material dredged. Summaries of
sediment characteristics from placement decision-making testing were also recorded, including
factors such as the year of testing for open-water placement suitability, physical characteristics of
the sediments (i.e., grain size), pollutant chemicals, and (when available) toxicological and
bioaccumulation characteristics (Table 2-5). Table 2-6 provides sediment grain size information
for each dredging center (i.e., non-USACE dredging projects).

Sediments deposited in regional estuaries, harbors, navigational channels and coastal waters are
composed of materials of both upland and littoral origins. Since an appreciable fraction of the
sediment discharged from upland areas has the potential to be contaminated, reduction and
containment of sediment and contaminant sources within the watersheds are, therefore, a
potentially effective option for the management of sediment within the Long Island Sound study
area (Appendix E).

In general, dredged material generated from projects on the north shore of Long Island Sound in
Rhode Island, Connecticut, and Westchester and Bronx Counties (New York) is predominantly
fine-grained (USACE, 2014) (Table 2-5 and Table 2-6). Predominantly sandy material is
generated from dredging sources on the north shore of Long Island, except for inner harbor basin
areas and more westerly harbors in Nassau and Queens Counties that generate typically silty
materials.

The historical data demonstrate that chemical testing of sediments increased in the 1970s and
1980s, with moderate to elevated contaminants found in association with the finer-grained,
organic-rich sediments. However, available toxicity test results noted in the Harbor
Characterization Report (USACE, 2014) indicate that most sediments were not acutely toxic.
Although initial screening based on sediment grain size and distance from the dredging center
will indicate which alternatives are most suitable, additional chemical and toxicity
characterization will need to be conducted on a project-by-project basis.
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for
USACE and Other Federal Agency Navigation Projects.

Year of Last SRy
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used Resultg Material Characteristics!
Type(s)
Block Island Harbor of
Refuge — Entrance Nearshore off Sand (0.1 -12%
Channel, Inner Basin, Rl 2014 Crescent Beach 2013 fines) N/A
and Anchorage
Block Island Harbor of
Block Island Area | Refuge —Anchorage SW RI N/A N/A N/A Silt (24 — 69% N/A
Area and Inner Basin fines)
Corners
Nearshore off Beach Fine to Medium
Great Salt Pond RI 2013 West of Sachem 2012 N/A
Sand
Pond
. Mixed Sand and
Fishers Island Hay (West) Harbor NY 1931 Unknown N/A Fine-Grained N/A
Pawcatuck River cT 1948 | Stonington Disposal 1948 Mud and sand N/A
Site in FIS
. Misquamicut Beach 0
Little Narragansett Bay — | ~r | 50142015 |  (nearshore) and 2003 Sand (<2% N/A
Entrance Channel . fines)
Sandy Point Beach
. _ 1 0
Fishers Island Little Narragansett Bay - | 1948 NLDS or RISDS 2003 Silt (6 to 75%
: Inner Bay Channel fines)
Sound-Little
'lgl\arragansett Bay | watch Hill Cove CT 1949 Napatree Beach N/A Sand N/A
rea
Stonington Harbor CT 1956 StonmgtgirleDlsposaI N/A Fine-Grained N/A
Metals and
. i polycyclic aromatic
Mystic Harbor CT | 2014-2015| NLDS or RISDS 2006 Fine-Grained hydrocarbons

Maintenance

(PAHS); sediments
not acutely toxic
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for
USACE and Other Federal Agency Navigation Projects (continued).

Year of Last et
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used Resultg Material Characteristics!
Type(s)
Mvstic Harbor - Metals and PAHs;
Imy rovement CT 2014 - 2015 NLDS or RISDS 2006 Fine-Grained sediments not
P acutely toxic
New London Harbor — Fine-Grained
Main Channel and cT 1984 NLDS 1984 (66-100% | Contamination low
Anchorage, 23-Foot fines)
Channel
New London Harbor - Sandy silt (68 - .
15-foot Shaws Cove CT 1934 Unknown 1978 86% fines) Elevated chemistry
Thames River — Lower Olive black or Polychlorinated
Channels, Navy Base to CT 1995-1996 NLDS 2000 rav silty sand biphenyls (PCBs),
Harbor gray stity PAHSs and perylene
R _ 1 0
Thames River — Upper cT 1966 NLDS or In-River 1973 Silt (up to 95% N/A
Channel, to Norwich fines)
New London Area | Naval Submarine Base, | ¢y 2009 NLDS and CLDS 2009
New London - Suitable Fine-grained Suitable
Naval Submarine Base,
New London - CT 2009 CAD cells 2009
Unsuitable Fine-grained Contaminated
Naval Submarine Base,
New London - CT N/A N/A N/A
Improvement Fine-grained Suitable
U.S. Coast Guard cT N/A N/A N/A
Station, New London Fine-grained Suitable
U.S. Coast Guard cT N/A N/A N/A N/A N/A
Academy
1 1 — 0
Niantic Bay and Harbor cT 1970 Niantic DS 1977 Sand _(4 10% N/A
Niantic A — Entrance Channel fines)
iantic Area
Niantic Bay and Harbor cT 1970 Niantic DS 1977 Sandy Silt (16 - N/A
— Upper Channel 71% fines)
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for
USACE and Other Federal Agency Navigation Projects (continued).

Area

Entrance and Inner

Silt

Year of Last SRy
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used Resultg Material Characteristics!
Type(s)
Fine-Grained Sediments not
North Cove CT 2008-2009 CSDS and CLDS 1999 (76 — 100% .
. acutely toxic
fines)
Mixed sand and
Essex Cove CT 1976 Notts Island 1974 fine-grained (37 N/A
- 91% fines)
. . Mixed sand and
Connecticut RIVer | eigntmile River cT 1911 N/A 1977 | fine-grained (28 N/A
— 78% fines)
. . . . Contamination low;
Connecticut River Below cT 2001 CSDS 2001 Fme—gramed (33 sediments not
Hartford — Entrance Bars — 66% fines) .
acutely toxic
- - 5
Connecticut River Below | 1991 CSDS: Notts Island 1977 Sand (<1% N/A
Hartford — Lower Bars fines)
. Nearshore off Sand to silty .
Patchogue River - cT 2012 | Hammonasset Beach 2004 sand (0 - 38% Sediments not
Entrance Channel ) acutely toxic
or CSDS fines)
Clinton-Westbrook Patchogue River — Inner cT 2012 CSDS 2004 Silt and cI_ay (68 Sediments not
Area Harbor — 94% fines) acutely toxic
Duck Island Harbor of CcT 1949 N/A N/A sand N/A
Refuge
i — — 0
Clinton Harbor cT 2013 Nearshore off 2003 Sand (_12 16% Not contaminated
Entrance Channel Hammonasset Beach fines)
Clinton Harbor — Inner Fine-grained (43
Harbor CT 1984 N/A 1975 — 97% fines) N/A
. . Fine-Grained,
Guilford-Branford | Guilford Harbor - CT 2014 CLDS 2013 Organic Sandy | Contamination low
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for

USACE and Other Federal Agency Navigation Projects (continued).

Anchorages

clay

Year of Last SRy
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used Resultg Material Characteristics!
Type(s)
,(\;Al:gg?gd Harbor - CT 2014 Nearshore 2013 Sand Contamination low
. Low concentrations
Stony Creek Harbor CT 1995 CLDS 1992 Silt and Clay of metals and PCBs
Moderately high
concentrations of
Branford Harbor CT 1989-1990 CLDS 1986 Fine-Grained cadmium, copper,
chromium, lead,
arsenic and zinc
Slgzki)rl;g'tge' PCBs and metals;
New Haven Harbor CT 2013-2014 CLDS 2010 . sediments not
Suitable Sand -
h acutely toxic
and Silt
. Silt and clay
West River CT 1989 CLDS, Upland 1986 (89% fines) Lead and copper
New Haven Area | il River cT 1982 CLDS 1986 Orga”éfltsa”dy Copper
Quinnipiac River cT 1982 CLDS 1986 Organs'?ltsa”dy Copper
Sand to Sandy
U.S. Coast Guard Sector CT N/A 1998 Silt (5 to 62%
Long Island Sound NLDS & CAD cells fines) N/A
Milford Harbor ~ (chelr?]?g[r ); | Medium to fine
Entrance Channel and CT 1988 Gulf Beach 2003 (gra)i/n, sand Low contaminants
Holl:csagonic River- | Outer Anchorage size
Milford Area -
Milford Harbor — Inner . .
Channels and cT 1988 CLDS 1985 Sandy to silty Cadmium, Moderate

to low contaminants
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for

USACE and Other Federal Agency Navigation Projects (continued).

Year of Last SRy
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used Resultg Material Characteristics!
Type(s)
Housatonic River Nearshore off Point S
downstream of 1-95 cT 2013 No Point, Stratford 1999 Sand Contamination low
Housatonic River Expected to be
CT 1944-1945 Unknown N/A sand and silty N/A
upstream of 1-95
sand
Bridgeport ngbor ) CT 1962-1963 Adjacent Beaches 2001 Coarse Grained Sediment not acutely
Outer Harbor toxic
Bridgeport Harbor — i Bridgeport Disposal Fine-Grained Moderately highly to
Inner Harbor? cT 1961-1962 Site 1982 Organic Silt highly contaminated
el
Pequonnock River? CT 1944 B“dgef’o'ft Disposal (Chemlstry); Gray or bI?Ck contaminants
Site 1973 (grain organic silt :
. relative to reference
size) .
material
S
Bridgeport Area vellow Mill Channel2 cT 1952 Brldgepott Disposal (chemlstry); Gray or blgck contaminants
Site 1973 (grain organic silt :
. relative to reference
size) :
material
Moderately high
Johnsons Creek cT 1963 Brldgepor_t Disposal 1973 Gray or blgck concentrations (_)f
Site organic silt metals and volatile
solids
Moderate to high
1973 . . concentrations of
(chemistry); Fine-Grained metals, oil and
Black Rock Harbor CT 1982-1983 CLDS 7 (34 to 90% ' .
1980 (grain fi grease, volatile
. ines) ;
size) solids, and other

potential pollutants




Final Programmatic Environmental Impact Statement for the

Long Island Sound Dredged Material Management Plan

December 2015
Page 2-36

Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for
USACE and Other Federal Agency Navigation Projects (continued).

Year of Last et
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used 9 Material Characteristics'
Results
Type(s)
— 0,
Southport Harbor cT 2004 CLI?S, Southport 1998 Sand (2 to 14% Contamination low
Entrance Channel Disposal Site fines)
Southport Harbor — Inner CLDS, Southport Fine-grained (4 N
Harbor cT 2004 Disposal Site 1998 to 95% fines) Contamination low
Metals, PAHS,
L . Fine-Grained pesticides, DDD and
Westport Harbor CT 1970 Historic WLIS-I site 2003-2004 Silt and Clay PCBs: sediments not
acutely toxic
Norwalk Harbor — CLDS, WLDS or Fine-Grained .
Suitable T 20 CAD cells 2000 Clayey Silt Suitable
Norwalk Area Norwalk Harbor — West cT 2013 Fine-Grained Sediments acutely
Branch 1-95 Area CAD 2000 Clayey Silt toxic
Wilsons Point CT 1892 Unknown N/A Mud and sand N/A
High levels of total
Fivemile River cT 1999 CLDS, WLDS 19951998 | Hine-Grained | organic carbon, a
Silt and Clay few metals, and
volatile solids
Westcott Cove - Sand CT 1978 West Beach 1977 Coarsg:nn(;j Fine Low Contaminants
Westcott Cove - Fines CT 1978 City Park (Upland) 1977 Fine S_and_y Low Contaminants
Organic Silt
Stamford Harbor - Outer
18-Foot Channel & CT 1941-1944 Unknown 1976 Fine-grained Low Contaminants
Stamford Area Anchorage
Stamford Harbor - 15- . . .
Foot Upper Main & CT Stamforsditlé)lsposal Fine-Grained Zinc, calcigwdlum and
West Channel 1963 1976
Stamford Harbor - 12- High to moderately
Foot East Branch CT CLDS (capped) Fine-Grained high levels of
Channel 1980 1979 contaminants
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for

USACE and Other Federal Agency Navigation Projects (continued).

Area

fine-Grained

Year of Last et
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used 9 Material Characteristics!
Results
Type(s)
Black, Organic,
Mianus River CT 1985 WLIS-11I 2005 Fine-Grained Low contaminants
Silts
Greenwich Harbor — Stamford Dumpin Silt and clay Suitable based on
Greenwich Area Entrance Channel — CT 1968 ping 2012 overlain by fine | bioassay/bioaccumul
: Ground . . .
Suitable to medium sand ation testing
Greenwich Harbor — Stamford Dumpin Silt and clay Unsuitable based on
Entrance Channel, Inner CT 1951 ping 2012 overlain by fine | bioassay/bioaccumul
Ground . . .
Channel and Anchorages to medium sand ation testing
Port Chester Harbor NY 1990 WLIS-III, HARS 1994 Sand and gravel | Elevated lead, zinc
to silt and nickel
High levels of
Port Chester-Rye ammonia, phenols,
Area ilt wi i i
Milton Harbor NY 1993 HARS 1992 Silt with some arsenic, chromium,
Clay copper, mercury,
nickel, lead,
vanadium, and zinc
Low to moderate
Mamaroneck Harbor NY 1999 CLDS 1998 Silt and clay heavy metals and
M N low PAHs
amaroneck-New ;
Rochelle Area Echo Bay NY 1949 Unknown 2008 Slltysg r;ld and Suitable
New Rochelle Harbor NY 1971 Stamford Dumping 1991 Silty Sand Sediments not
Ground acutely toxic
Eastchester Creek - Upland — NJ .
Eastchester Bay Suitable NY 2010 Brownfields 2009 Siltand Clay N/A
Area Eastchester Creek - Upland — NJ . .
Unsuitable 2010 Brownfields 2009 Silt and Clay Unsuitable
Manhasset and Expected to be
Little Neck Bays Little Neck Bay NY 1966-1968 Unknown N/A mixed sandy and N/A
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for

USACE and Other Federal Agency Navigation Projects (continued).

Mount Sinai Area

Sand

(chemistry)

Year of Last Gy
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used 9 Material Characteristics!
Results
Type(s)
Yocum Sailing Center,
U.S. Merchant Marine NY 2005-2006 Upland, WLIS N/A N/A N/A
Academy
1982 (grain .
Hempstead Harbor NY 1950 Unknown size); 1976 Sar_1d with some Metals low or
Hempstead Harbor (chemistry) silt and clay undetected
Area Silt and cla Radiological
Glen Cove Creek NY 2007 Upland 1996 - Y ogic
with some sand contamination
Oyster Bay-Cold
Spring Harbor None
Area
. Elevated oil, grease,
Huntington Harbor - NY 1941 Unknown 197.1 N/A metals (mercury,
Sand (chemistry) )
lead, zinc)
1971 Elevated oil, grease,
Huntington Harbor - Silt NY 1941 Unknown - N/A metals (mercury,
(chemistry) lead. 7i
Huntington and ead, zinc)
Northport Bay 1971 Elevated oil, grease,
Area Northport Harbor - Sand NY 1956 Unknown - N/A metals (mercury,
(chemistry) .
lead, zinc)
1971 Elevated oil, grease,
Northport Harbor - Silt NY 1956 Unknown - N/A metals (mercury,
(chemistry) .
lead, zinc)
U.S. Coast Guard,
Station Eatons Neck NY N/A N/A N/A N/A N/A
Smithtown Bay-
Stony Brook Area None
Zinc and oil and
Port Jefferson- Port Jefferson Harbor - NY 1906 Unknown 1971 N/A metals (mercury,

lead, and zinc)
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Table 2-5. Sediment Characteristics and Past Dredging Activity by Dredging Center for
USACE and Other Federal Agency Navigation Projects (continued).

Year of Last et
Dredaina Center USACE/Federal State Year Last Most Recent Testin Anticipated Potential Chemical
ging Navigation Project Dredged | Placement Site Used 9 Material Characteristics!
Results
Type(s)
Zinc and oil and
gﬁ:t Jefferson Harbor - Unknown (ch:eLr?risltr ) N/A metals (mercury,
NY 1906 y lead, and zinc)
Suffolk County . .
Northeast Shore mﬁg'tmk Harbor and B?(l)l:]e_ts)eigﬁ():h 2003 ia;nsdi Ii\r;(il]é;g\;el N/A
Area NY 2014 Y
Great and Little —_—
Peconic Bays Area | Peconic River NY 1948 Unknown 1971 N/A Contamination low
Greenport Harbor NY 1939 Unknown 1971 N/A Contamination low
Shelter Island- U.S. Department of
Gardiner's Bay Homeland Security- . .
Area Plum Gut Harbor and NY 2007; 1993 Beach; Upland N/A N/A N/A
Orient Point
Lake Montauk Harbor NY 2014 West Beach 2005 Sand to Gravel N/A
Montauk Area
U.S. Coast Guard Station NY N/A N/A N/A N/A N/A

N/A = not available; PAHs = polycyclic aromatic hydrocarbons; PCB = polychlorinated biphenyls; DDD = dichlorodiphenyldichloroethane.

! Contaminant characteristics were taken from historical accounts of sediment quality documented primarily in Harbor Characterization Reports (USACE, 2014).

Toxicity criteria are defined in the EPA and USACE Ocean Testing Manual (EPA and USACE, 1991).

2 The Bridgeport Harbor Federal Navigation Project, and associated sub-projects of Pequonnock River and Yellow Mill Channel, are the subject of a separate
DMMP currently being finalized by the USACE, which will be summarized in the regional DMMP (USACE, 2012). The base plan for these projects has already
been defined, and they were not included as part of the alternative site screening for the Long Island Sound PEIS.
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Table 2-6. Sediment Grain Size Characteristics by Dredging Center
for Non-Federal Projects.

. Year Last . Cu_r r_ently
Dredging Center State Placement Sites Used Anticipated
PIEEEE Material Types
Block Island Area RI N/A N/A N/A
Fishers Island Sound/Little Fine-Grained to
Narragansett Bay Area cT 2009 NLDS, CSDS, CLDS Sand and Silt
Fishers Island NY 2009 NLDS, WLDS, CLDS Fine-grained
New London Area CT 2006 N/A Sand and silt
Niantic Area CT 2002 NLDS Sand and silt
o1 | am | Gdeseen it | S
Clinton/Westbrook Area CT 2012 CSDS, CLDS Fine-Grained Silt
to Sand and Silt
Guilford/Branford Area cT | 2010 CLDS, WLDS Siltand Clay to
Sand and Silt
New Haven Area cT | 2010 CLDS, WLDS Fine-Grained Silt
to Sand and Silt
Housatonic River/Milford Area cT | 2011 CLDS Fine-Grained to
Sand and Silt
Bridgeport Area CT 2011 CLDS, WLDS Silt to Sand
Norwalk Area cT | 2011 CLDS, WLDS Fine-Graired Sil
Stamford Area CT 2008 N/A Sand and silt
Greenwich Area CT 2012 CLDS, WLDS Fine-grained
Port Chester/Rye Area NY 2013 WLDS Fine-grained
Mamaroneck/New Rochelle Area NY 2012 N/A Fine-grained
Eastchester Bay Area NY N/A N/A N/A
Manhasset & Little Neck Bays NY N/A N/A N/A
Hempstead Harbor Area NY N/A N/A N/A
Oyster Bay/Cold Spring Harbor Area | NY 2013 N/A Sand
Huntington & Northport Bay Area NY 2012 WLDS Fine-grained
Smithtown Bay/Stony Brook NY N/A N/A N/A
Port Jefferson/Mount Sinai NY N/A N/A N/A
Suffolk County North Shore Area NY N/A N/A N/A
Great & Little Peconic Bays NY N/A N/A N/A
Shelter Island/Gardiner’s Bay NY N/A N/A N/A
Montauk NY N/A N/A N/A

N/A = not available; CLDS = Central Long Island Sound Disposal Site; CSDS = Cornfield Shoals Disposal Site;
NLDS = New London Disposal Site; WLDS = Western Long Island Sound Disposal Site




Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 2-41

2.6.2 Sediment Quality Information Database

The primary goal of the Sediment Quality Information Database (SQUID) is to provide
information that enhances dredging management decisions, such as developing sediment testing
plans, selecting priority pollutants for testing, or evaluating the suitability of sediments for open-
water placement (CTDEEP, 2007). SQUID is one of the data sources used by Mitch and
Anisfeld (2010) in their compilations of sediment quality information for Long Island Sound.

The database includes localities (Figure 2-5) that have been proposed for dredging in
Connecticut and New York along the coast of Long Island Sound. It includes heavy metals,
polychlorinated biphenyls (PCBs), pesticides, and polycyclic aromatic hydrocarbons (PAHS) in
sediments from 1990 to 2001. It also includes data from 2001 to 2010 collected from Greenwich
to New Haven, Connecticut. Samples are from cores of variable depths that reflect sediment to
be dredged. Some of the samples are composite samples of multiple cores; compositing is
generally done only when grain size distributions are similar. Some caution is needed with the
dataset due to the lack of quality control (QC) data, testing conducted by different laboratories,
and high detection limits combined with data below these levels (Mitch & Anisfeld, 2010). The
database is not available online at this time; but can be obtained from Connecticut database
managers.
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Figure 2-5. Location of SQUID Study Data Points in Connecticut and New York.
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3 ALTERNATIVES

The purpose of this PEIS is to identify one or more potential environmentally sound and feasible
dredged material management plans for future long-term use for each of the USACE Navigation
Projects and other Federal agency projects in Long Island Sound. This chapter describes the
process used to identify the universe of potential alternatives and provides a general overview of
the alternative sites evaluated throughout the PEIS process. In accordance with NEPA, and to
support of goals of the DMMP, a variety of alternatives to open-water placement were
considered during the overall EIS process: containment, beneficial uses, upland alternatives,
treatment technologies, and the No Action Alternative. The resources present at each of these
alternative sites (physical, environmental, cultural, and socioeconomic) are described in Chapter
4, and potential impacts to these resources through placement of dredged material at these sites
are evaluated in Chapter 5. This information was then combined with practicability
considerations to evaluate and rank the various potential dredged material placement alternatives
for each of the USACE and other Federal agency projects in Chapter 6.

3.1 NOACTION ALTERNATIVE

NEPA requires that an EIS evaluate the “No Action Alternative” (40 CFR 1502.14(d)). In cases
involving a Federal decision on proposals for projects, “no action” means the proposed activity
would not take place. This provides a baseline against which the proposed action and other
alternatives can be evaluated. Evaluation of the No Action Alternative involves assessing the
environmental and socioeconomic impacts that would result if the action did not take place.
These impacts can then be compared with the impacts of the proposed action and other “action”
alternatives. In this case, the No Action Alternative is defined as the failure to implement a plan
for dredged material management in Long Island Sound (i.e., the DMMP recommendations
would not be implemented). Without implementation of the DMMP recommendations for long-
term management, the current process of dredging and dredged material placement would
continue to take place on a project-by-project basis without agreement by Federal and state
partners to pursue practicable alternatives that would reduce future reliance on open-water
placement. Furthermore, the conditions under which the long-term use of the CLDS and WLDS
were designated (40 C.F. R. 228.15(b)(4)(vi)(D)) would not be met, and use of the sites would
expire for MPRSA-regulated projects as scheduled on April 30, 2016. Expiration of the WLDS
and CLDS placement sites would mean that open-water placement in Long Island Sound of
MPRSA-regulated projects could occur only at the two USACE-selected sites (CSDS and
NLDS) until they expire on December 23, 2016 (as per 8116 of the Consolidated Appropriations
Act for Fiscal Year 2012 (2012 CAA), Public Law 112-74).

It is impossible to know with certainty how dredging needs of Long Island Sound harbors and
waterways would be met if there were no designated open-water placement sites for MPRSA-
regulated projects within Long Island Sound. However, several scenarios might reasonably be
considered. First, placement site authorization for private projects involving less than 25,000 CY
of material would simply continue to be evaluated on a project-specific basis under CWA
Section 404. Second, for projects subject to MPRSA 8106(f) (i.e., either Federal projects of any
size or private projects involving greater than 25,000 CY of material), project proponents would
need to pursue one or more of the following courses of action:
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1) Use an alternative open-water site, either inside or outside of Long Island Sound, that has
been “selected” by the USACE under MPRSA 8103. Such a site would need to be one
that has not been in use since the 1992 amendments to MPRSA, or has not had its second
five-year period of use expire. EPA would need to concur with the Selection.

2) Use an existing EPA-designated (MPRSA 8102) open-water site outside of the Long
Island Sound study area (e.g., RISDS, HARS). EPA would need to concur with any
placement at such sites.

3) Delay dredging until EPA designation (MPRSA 8§102) of a different open-water
placement site within Long Island Sound.

4) Cancel the proposed dredging projects.

5) Study, design, authorize, construct, and use practicable and cost-effective land-based, in-
harbor, nearshore, beneficial use, or CDF placement/use alternatives. The type of alternative
would vary depending on the size of the project, nature of the material to be dredged, any
additional non-navigation benefits of the alternative, non-Federal sponsorship and funding,
and the level of Federal participation warranted.

The environmental consequences associated with the No Action Alternative are evaluated in
detail in Chapter 5.

3.2 IDENTIFICATION OF ALTERNATIVES

During the process of identifying potential alternative sites, the USACE and EPA, in
coordination with the states and with input from the public, reviewed all potential upland,
shoreline, and in-water locations where dredged material could be placed in the Long Island
Sound area. The study area under consideration (see Figure 1-2) during the review of potential
alternatives includes all of Connecticut; Westchester, Bronx, Queens, Suffolk, and Nassau
counties of New York, as well as the Boroughs of Brooklyn (Kings County) and Manhattan
(New York County), New York; and Washington County in Rhode Island (Section 1.3). The
Long Island Sound PEIS evaluates only those alternatives located within the study area.
Additional alternatives located outside of the study area may provide feasible, environmentally
acceptable, and cost-effective options for specific projects within Long Island Sound. These
alternatives are discussed briefly in this chapter and on a project-specific basis in the Long Island
Sound DMMP but are not included in the analysis or screening of alternatives in this PEIS.

Several USACE-sponsored studies were conducted to identify potential containment, beneficial
use, and upland alternative sites within the study area (USACE, 2009); (USACE, 2010);
(USACE, 2011); (USACE, 2012a); (USACE, 2012b). These studies identified, characterized,
and evaluated the feasibility of the sites for potential use for dredged material management from
USACE Navigation Projects, as well as smaller, non-USACE projects. Various approaches were
taken to identify and prescreen the sites and are described in detail in the individual reports,
which are summarized below.

e The Upland, Beneficial Use, and Sediment Dewatering Site Inventory was completed in
two phases. Phase 1 of the study (USACE, 2009) described, in preliminary fashion, the
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universe of sites potentially available for upland placement, beneficial use, or dewatering
of dredged material for use by the Long Island Sound region’s navigational facilities.
The initial report screened the sites to identify the ones that were considered potentially
viable for use by USACE in management of dredged material from USACE Navigation
Projects. The Phase 1 inventory consisted of 157 potential sites that could potentially
accept dredged material and 22 potential dewatering sites. The 157 sites with capacity
for material consisted of 104 beaches, 5 habitat restoration sites, 6 landfills, 10
redevelopment-construction sites, 1 mine reclamation site, 1 Brownfield site, and 30
concrete/asphalt plants.

e The Phase 2 study (USACE, 2010) built on the 2009 work to more fully describe and
characterize those upland and beneficial use sites that may be available for processing or
placement of dredged material from USACE Navigation Projects. This was achieved
through site visits, site operator/owner interviews, and communications among USACE,
the states, and interested stakeholders. The final site inventory consisted of 102 sites at
99 different locations: 67 beaches, 1 mine reclamation site, 6 landfills, 3
redevelopment/construction sites, 4 habitat restoration areas, and 21 potential dewatering
sites.

e A separate study (USACE, 2011) involved further screening and investigation of the
smaller upland, beneficial use, and dewatering sites that were not investigated under
Phase 2 described above. These sites were evaluated for use by smaller, mainly non-
Federal navigational interests, to meet one of the stated goals of the Long Island Sound
DMMP—namely, to identify alternatives that could be used by non-Federal navigation
interests in their alternative analysis for management of their dredged material. The list
of potential alternative sites for smaller, non-Federal projects included 75 beaches,

30 concrete and asphalt plants, and 16 potential dewatering sites. These alternatives are
not being evaluated in this PEIS.

e The containment site report (USACE, 2012a) evaluated both in-harbor and open-water
CAD cells, shoreline CDFs, and island CDFs. The report includes a general description
of dredged material containment methods, a summary of previously developed or
proposed containment projects in Long Island Sound and elsewhere, a site-by-site
assessment of candidate sites in the Long Island Sound study area, and an estimated
capacity for dredged material at each site. Preliminary engineering designs are also
discussed, and potential impacts are summarized. The final list of 18 containment sites
consists of 4 CAD cells, 8 shoreline CDFs, and 6 island CDFs.

e The nearshore berm report (USACE, 2012b) includes a general description of nearshore
berm placement methods, a site-by-site assessment of candidate sites in the Long Island
Sound study area, and an estimate of the available capacity for dredged material
placement at each site. Preliminary engineering designs are also discussed and potential
impacts are summarized.

In addition to these studies, the USACE provided information on specific alternative sites within
the study area that have been used in the past for placement of dredged material from USACE
and other Federal agency projects. The locations of the alternative sites identified for potential
use by USACE and other Federal agency projects in the Long Island Sound area are shown in
Figure 3-1. These sites are described in the following sections.
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Figure 3-1. Potential Alternative Sites for the Placement of Dredged Material from Long Island Sound.
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3.3 OPEN-WATER ALTERNATIVES

The open-water alternative would involve the placement of dredged material in the aquatic
environment, such as in rivers, lakes, estuaries, or oceans. A variety of equipment can be used to
place dredged material in open water, depending upon the location of the placement site in
relation to the dredging location (Figure 3-2). For open-water placement adjacent to channels,
pipelines or hydraulic dredges are commonly used to pump a slurry of site water and dredged
material directly from the dredging site to the placement location. Hopper dredges store and
transport a mixture of water and solids to the placement site, where the hopper doors on the
bottom of the hull are opened and the contents are emptied onto the placement location. Bottom-
release barges and scows may also be used to transport and place dredged sediment at the open-
water placement location, with the possibility of multiple barges being used for frequent
placement. Each release of dredged material would occur as a discrete discharge of material.

PIPELINE HOPPER BARGE
PLACEMENT PLACEMENT PLACEMENT

<

/ i

Source: (EPA and USACE, 2004).
Figure 3-2. Open-Water Placement Operations.
3.3.1 Physical Processes

During placement activities at open-water sites, dredged material is released, physically passes
through the water column, and then impacts the seafloor in a limited area. Both individual
placement events and multiple placement events have been monitored and well-studied.
Throughout the extensive monitoring activities, only near-field and short-term physical impacts
from dredged material disposal have been discerned (Fredette, et al., 1993); (Fredette & French,
2004).
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The process of how dredged material descends through the water column to settle on the seafloor
is well understood (Scorer, 1957); (Woodward, 1959); (Csanady, 1973); (Brandsma & Divoky,
1976); (Tsai & Proni, 1985); (Ecker & Downing, 1987); (Kraus, 1991); (Torresan & Gardner,
2000); (SAIC, 2003a); (SAIC, 2003b); (SAIC, 2005a); (SAIC, 2005b); (ENSR, 2008). The
results of the process vary depending on barge type and position, sediment volume and
properties (e.g., density, cohesion), and water depth and properties. Generally, dredged material
released from a barge into open waters follows a three-phased pattern (convective descent,
dynamic collapse, and long-term consolidation).

Convective Descent

Initially, a barge releases sediment into the water, resulting in convective descent. The dredged
material descends rapidly through the water column under the influence of gravity, generally
maintaining its form as a single bolus of sediment and water (SAIC, 2003b) (Figure 3-3). As the
sediment falls through the water, the dense sediment-water mixture entrains some of the water
that is not displaced and may expand horizontally to a limited extent and leave a plume of
suspended sediment. At the Rhode Island Sound Disposal Site (RISDS), an active open water
site outside of the study area boundary, six different disposal events of fine-grained dredged
material were studied; each of the resulting plumes was characterized as a discrete column “with
the size and suspended sediment concentrations dependent upon the dimensions of the disposal
barge and volume of dredged material disposed (ENSR, 2008).” The duration of convective
descent lasts only seconds to minutes in relatively shallow waters, such as in Long Island Sound
(EPA, 2004a). Field and laboratory studies indicate that most of the sediment reaches the
seafloor, with approximately 1 to 5% of the discharged sediment remaining in the water column
after the convective descent phase (Ruggaber & Adams, 2000); (Tavolaro, 1984); (USACE,
1986); (Gordon, 1974); (Bokuniewicz & Gordon, 1980).

Dynamic Collapse

The dynamic collapse phase occurs when the sediment-water mixture impacts the seafloor and
most of it comes to rest. Some of the sediment diffuses horizontally due to its momentum, which
may also displace and resuspend ambient sediment (SAIC, 2003b) (Figure 3-3). Circular ring
structures and pits have been evident at multiple dredged material sites and indicate individual
disposal event impacts (Lopez, et al., 2014). The size and form of these ring-like features are a
function of disposal operation (e.g., barge type, barge volume), dredged material characteristics
(e.g., sand, silty sand, soft mud), and seafloor characteristics (SAIC, 2003b). For example, rings
from dredged material placement at CLDS have been 33 to 164 feet (ft) in diameter (ENSR,
2007).

As the energy from the disposal activity dissipates, the remaining small amount of sediment
entrained in the water column undergoes passive diffusion. During this phase, the ambient
oceanographic conditions affect the transport and settling of the suspended sediments, which
may last for several hours depending on the specific gravity and particle size of the sediment and
physical dynamics of the area (Tramontano & Bohlen, 1982); (Arimoto & Feng, 1983). The
suspended sediment concentration is reduced due to eventual settling and dilution (Gordon,
1974).
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Figure 3-3. Schematic Diagram of the Three Phases of Descent Encountered During a
Dredged Material Disposal Event.

Numerous field studies have confirmed that these plumes are transient, short-term (i.e., hours in
duration) features of dredged material disposal (Dragos & Lewis, 1993); (Dragos & Peven,
1994); (SAIC, 1988); (SAIC, 2004); (ENSR, 2008). The investigations at the RISDS site are
informative because fine-grained material was disposed and the site’s water depths are
comparable to or deeper than WLDS, CLDS, and NLDS in Long Island Sound. At RISDS,
within an hour, the suspended particulate matter demonstrated dramatic declines. The plumes
were detectable at low levels, both optically and acoustically, for three to four hours within the
water column and then fell to background levels (ENSR, 2008).

Open-water placement sites are characterized as either being non-dispersive or dispersive,
depending on the physical dynamics present at the location (currents, waves, etc.) and on the
intended purpose of the site. Material placed at non-dispersive sites is intended to remain at the
site following placement and may be placed to form mounds that assist in the containment of
material at the site (EPA and USACE, 2004). At dispersive sites, material may be dispersed
either during placement or transported from the site over time by currents and/or wave action.
Additional details of open-water placement processes can be found in EPA and USACE (2004).
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At predominantly non-dispersive sites, including WLDS, CLDS, and NLDS, most of the material
remains on the bottom within the site following placement and may be placed to form mounds
that are stable over decades (Carey, et al., 2006). In contrast, at predominantly dispersive sites,
such as CSDS, material may be dispersed either during placement or eroded from the bottom
over time and transported away from the disposal site by currents and/or wave action (EPA and
USACE, 2004).

Long-term Consolidation

The final process occurring after disposal is reconsolidation of the sediment and consolidation of
the ambient sediments due to the weight of the overlying material in the mound (SAIC, 2003b)
(Figure 3-3). As a result of this settling process, pore water in the dredged material and ambient
sediments is expelled laterally, reducing the total volume and height of the mound. The volume
of water released and rate of this process depend on the properties of the sediment, including
grain size and water content. The top layer of the mound consolidates rapidly, creating a dense
“filter cake’ that is less permeable than side slopes and underlying sediment (Poindexter-
Rollings, 1990). This is particularly true when sandy dredged material is placed on the top of
mounds. The underlying ambient sediment may build up excess pore pressure and take up to

10 years to equilibrate. Most dredged material consolidation has been found to occur within the
first 3 years after disposal, and in Long Island Sound the ambient sediments may represent as
much as a fifth of the total consolidation (Poindexter-Rollings, 1990); (Brandes & Silva, 1997).
This process does not have an impact on benthic habitat.

3.3.2 Unconfined Open-Water Placement

Unconfined placement refers to areas where dredged material is placed directly on the seafloor
through release from a bottom-release hopper or barge at the surface as described above (Lopez,
et al., 2014). Four potential unconfined open-water placement alternatives have been identified
for potential use by USACE Navigation Projects within the Long Island Sound study area (Table
3-1). All of these sites are currently active placement sites within Long Island Sound, but are
scheduled to expire for use by MPRSA-regulated projects in 2016. WLDS, CLDS, and NLDS
are non-dispersive sites, where dredged material placed at the site remains at the site. CSDS is
the only dredged material placement site managed as a dispersive site, where dredged material
placed at the site is expected to be transported out of the area by bedload transport from strong
tidal currents and sediment resuspension during storm events.

Each of these alternative sites is described below. Their locations are shown in Figure 3-1. In
addition, two other open-water disposal sites that lie beyond the study area boundary (and
therefore are not evaluated in this PEIS but are addressed on a project-specific basis in the
DMMP) are briefly described below: the RISDS and the Historic Area Remediation Site
(HARS).



Final Programmatic Environmental Impact Statement for the
Long Island Sound Dredged Material Management Plan

December 2015
Page 3-9

Table 3-1. Active Open-Water Disposal Sites Within Long Island Sound.

Site ID Type Site Name Authority Available Site Expiration
Capacity Date
(CY)

WLDS | Unconfined | Western Long EPA- 20,000,000 | April 30, 2016
Open Island Sound designated
Water Disposal Site

CLDS | Unconfined | Central Long EPA- 20,000,000 | April 30, 2016
Open Island Sound designated
Water Disposal Site

CSDS | Unconfined | Cornfield Shoals USACE- 200,000,000 December 23,
Open Disposal Site selected 2016
Water

NLDS | Unconfined | New London USACE- 7,796,450 December 23,
Open Disposal Site selected 2016
Water

Western Long Island Sound Disposal Site

The WLDS is centered at 40° 59.500” N, 73° 28.950°W (NAD 83), 2 nautical miles (nmi) north
of Lloyd Point, New York, and 2.5 nmi south of Long Neck Point near Noroton, Connecticut, in
water depths of 79 t0118 ft. The site is positioned over an east-to-west depression on the
seafloor with a relatively flat bottom. The minimum water depth of 79 ft is found at the
northwest corner of the site, and the maximum depth of 118 ft is found over the east-west
trending depression before rising to 82 ft at the southern site boundary.

WLDS has been used for dredged material placement since 1982, when the site was established
as a regional dredged material placement site to serve the needs of the western area of Long
Island Sound. It is the newest of the currently active placement sites in Long Island Sound and is
adjacent to three historic placement sites (Eaton’s Neck, Norwalk, and Stamford). Since 1982,
approximately 1.9 million CY of dredged material have been deposited at the site. The WLDS
site was designated by EPA for long-term use for the placement of dredged material on June 5,

2005.

The sediments at the site are heterogeneous, with clay-silt in the northeast corner and a mixture
of sand-silt-clay in the center and southeast corner (Poppe, et al., 2000). These sediments are
typical of those found in fine-grained depositional environments of the western basin of Long
Island Sound (Knebel & Poppe, 2000). In addition to the ambient silts from this region, there are
deposits of material of mixed grain sizes dredged from harbors and navigation channels
throughout the Western Basin (Murray & Saffert, 1999).

Central Long Island Sound Disposal Site

The CLDS is a rectangular shape, approximately 2 nmi by 1 nmi, located at a center of
41°08.950" N, 72° 52.950” W (NAD 83), 5.6 nmi south of South End Point near East Haven,
Connecticut, and over 10 nmi north of Shoreham Beach, New York, in water depths from 59 to
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74 ft. The site occupies a wide, flat area of the seafloor in a depositional area with a gradually
sloping bottom from a depth of 59 ft in the northwest corner to 74 ft in the southeast.

CLDS has been one of the most active dredged material placement sites in New England. The
CLDS site has the longest known continuous record of use of any placement site in Long Island
Sound. There are records of volumes received at the site from 1941 to 1945 and again from
1954 to the present day. Since 1980, 8,339,136 CY of dredged material have been placed at the
site. CLDS receives the largest volumes from USACE Navigation Projects in New Haven,
Stamford, and Norwalk harbors, with numerous smaller harbors in Connecticut and New York
contributing to the total placement volume. The CLDS site was designated by EPA for long-
term use for the placement of dredged material on June 5, 2005.

The sediments at the site are predominantly uniform clayey silt with an area of mixed sand, clay,
and silt (Poppe, et al., 2000). These sediments are typical of those found in fine-grained
depositional environments of the Central Basin of Long Island Sound (Knebel & Poppe, 2000).
In addition to the ambient silts, there are deposits of dredged material with mixed grain sizes
from harbors and navigation channels throughout the Western and Central Basins (SAIC, 2002).

Cornfield Shoals Disposal Site

The CSDS is located 3.3 nmi south of Cornfield Point in Old Saybrook, Connecticut. This
1-nmiZ? site is centered at 41° 12.6858' N, 72° 21.4914' W (NAD 83). The CSDS site is
recognized by regulators as a dispersal site. Since 1982, 1,337,058 CY of dredged material have
been placed at the site. The site is located at a sandy shoal seaward of the mouth of the
Connecticut River, where strong bottom currents tend to disperse material deposited there. The
predominant topographic features are a smooth, sandy bottom and bedforms oriented in an east-
west direction. The southeastern portion of CSDS is bisected by the New York-Connecticut
state boundary.

New London Disposal Site

The NLDS is an active open-water dredged material placement site located 3.1 nmi south of
Eastern Point in Groton, Connecticut. Centered at 41°16.306' N, 72°04.571' W (NAD 83), the
1-nmi2 NLDS has water depths ranging from 46 ft to 79 ft at the southern placement site
boundary. Since 1981, approximately 2,811,000 CY of dredged material have been placed at the
site. Two important management boundaries bisect the NLDS: a 330-yard (yd) submarine transit
corridor and the New Y ork-Connecticut state boundary. The submarine corridor was established
to minimize conflict between placement buoy positions and submarine traffic to and from the
U.S. Navy Base in Groton, Connecticut.

Rhode Island Sound Disposal Site

The RISDS is an active open-water dredged material placement site centered at 41° 13.850" N,
71° 22.817' W (NAD 83), and located approximately 25 mi east of the Long Island Sound PEIS
study area. Because it is located outside of the study area, RISDS is not evaluated in this PEIS.
However, it may be a feasible and cost-effective option for the placement of dredged material
from USACE Navigation Projects located on Block Island, which lies about 10 mi to the west of
RISDS. Since 2003, a total of 5,311,963 CY has been disposed of at this site. This alternative
site is discussed on a project-specific basis in the DMMP.
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Historic Area Remediation Site

Another open-water site located outside of the Long Island Sound PEIS study area that has
historically received dredged material from USACE and other Federal agency projects within
Long Island Sound is the HARS. HARS is a 15.7-nmi? area located off the coast of Sandy Hook,
New Jersey, and lies 7.7 nmi south of Rockaway, New York. It is located approximately 140 mi
from the eastern boundary of the PEIS study area and 35 mi from the western boundary. HARS
is only available for placement of material that meets the definition of remediation material for
this ocean site. Material for Remediation is defined in the HARS final rule preamble as
"uncontaminated dredged material (i.e., dredged material that meets current Category | Standards
and will not cause significant undesirable effects including through bioaccumulation).” This
alternative site is discussed on a project-specific basis in the DMMP.

3.3.3 Confined Open-Water Placement

One of the alternative sites identified during the containment site study (USACE, 2012a) is a
confined open-water placement site (Site E) (Table 3-2). Confined placement refers to areas
where a low mound of dredged material on the seafloor is covered with additional layers of
dredged material to ‘cap’ or confine the initial placement (Fredette, et al., 1992). This alternative
site occupies a former borrow pit approximately ¥2-mi offshore of Sherwood Island State Park
near Westport, Connecticut (Figure 3-1). However, since this site is located outside of a harbor
within the waters of Long Island Sound, placement of dredged material at this location is subject
to MPRSA and is considered open-water placement. Therefore, this site can accept only suitable
material for base fill material. Development of this containment site alternative would be
contingent on three conditions: being “selected” by the USACE, meeting the criteria for
determining that the material poses no unacceptable risk to human health or the environment,
and obtaining concurrence from EPA. It could also be designated by EPA.

Table 3-2. Confined Open-Water Alternatives.

Footprint Capacity
Site ID Type Site Name (acres) (CY)
E Confined Open Sherwood Island Borrow 100 750,000
Water Pit

3.4 IN-HARBOR CAD CELLS
CAD cells are existing sea floor depressions and borrow pits or newly excavated pits that can be
filled with dredged materials. There are generally three categories of such pits (USACE, 1999):

» Existing pits such as sand/gravel mined borrow pits whose capacity is limited by their
existing size;

* Newly excavated pits which require the excavation of a volume of material usually
slightly greater than the intended capacity of the pit; and,

» In-channel pits/cells which are excavated within the confines of a channel or berthing
area below its authorized depth. This option minimizes impacts to undisturbed areas by
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utilizing previously disturbed sites. It also has the potential to optimize dredging
operations and lessen costs by reducing the transport distances of dredged material. The
disadvantage of in-channel cells is that placement can limit or eliminate future deepening
of those navigation channels.

These CAD cells are typically sized and designed to accommodate specific volumes of material
from individual projects, but they can also be developed to meet regional needs of multiple
projects as was done in Providence River, Rhode Island (USACE, 2001). Cells may also need to
be sized to accommodate both the bulked (“dredged”) volume of placed material and a cap of
clean material to isolate the dredged material underneath. If cells are constructed beneath
navigation channels, their finished elevation must also account for future dredging depths,
including long-range plans for future port improvement, as the finished elevation of the cell will
restrict navigation depths or require rehandling of that material. While CAD cells could be
constructed to accommodate material deemed suitable for open-water placement, construction of
the cells themselves generates dredged material requiring placement, so use of these features is
typically confined to the management of materials unsuitable for open-water placement.

Another issue with CAD cells constructed within harbors is the suitability of materials excavated
to form the cell, particularly the surface material which may be similar in terms of contaminant
levels to the harbor shoal materials that would be placed into the excavated cell. Temporary
storage of these surface materials, often in combination with construction of one or smaller
‘starter’ cells, is one method of dealing with this problem. Placement or beneficial use of the
remaining excavated CAD cell material from deeper elevations may also pose challenges. This
material is often parent material (mainly of glacial or marine origin in New England) that is
relatively uncontaminated, and itself suitable for open water placement, or beneficial use
according to its sediment classification (fine or coarse). Evaluation of CAD cells and design of
these features are project-specific. Their higher cost relative to other aquatic placement options
makes them practicable only for dredged material that is unsuitable for other means of
placement. Regional CAD cells are large, capital-intensive projects that take a great deal of time
and resources to construct and manage. Development requires Federal, state, and port authority
partnerships and cost sharing. A significant revenue stream is necessary for sponsoring port
authorities and agencies to participate in such projects.

Three potential in-harbor CAD cell alternative sites (Sites G, H, and M) were identified in the
containment alternative site study (USACE, 2012a) (Table 3-3). The locations of these
alternative sites are shown in Figure 3-1. Site G (Bridgeport Outer Harbor West) is a potential
CAD cell west of the Bridgeport Harbor Channel and north (harbor side) of the western jetty in
Bridgeport, Connecticut. Site H (Bridgeport Outer Harbor Southeast) is a potential CAD cell
east of the Bridgeport Harbor Channel and north (harbor side) of the eastern jetty in Bridgeport,
Connecticut. Site M (Morris Cove) is a potential CAD facility occupying a former borrow pit
offshore of Fort Nathan Hale Park and Pardee Parkway in outer New Haven Harbor. Unlike
other CAD cells, which typically accept only unsuitable material as base fill, Morris Cove could
accept both suitable and unsuitable material as base material (see DMMP Chapter 4.9.8 for
further details of the Morris Cove site). All three of these facilities would be filled with dredged
material from Bridgeport Harbor and capped. Sites G and H are not located at an existing
depression or borrow pit; therefore, they would need to be excavated as part of facility
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construction. Further details on the design plans for these sites are available in the Bridgeport
Harbor DMMP (USACE, 2009).

Table 3-3. In-Harbor CAD Cell Alternatives.

Footprint Capacity
Site ID | Type Site Name (acres) (CY)
G CAD | Bridgeport Outer Harbor West? 14 469,000
H CAD | Bridgeport Outer Harbor 16 1,065,000
Southeast
M CAD | Morris Cove 30 610,000

1The Bridgeport Outer Harbor West and Southeast CAD cells, if constructed, would be part of the Bridgeport
Harbor project, and the cells would not be available for use by other USACE Navigation Projects in Long Island
Sound. Therefore, CAD G and CAD H are not included in the Long Island Sound PEIS alternative screening
(Chapter 6).

3.5 CONFINED DISPOSAL FACILITIES

Dredged material CDFs are one type of contained placement that consists of a diked containment
facility covering sufficient area to provide either a limited fill capacity for a single port or project
or a regional placement capacity for multiple ports. CDFs can be constructed on land, in water,
or along the shoreline. In the latter cases, intertidal and/or shallow subtidal lands are diked and
filled over a period of years or decades to form an island (an island CDF) or an extension of the
shoreline seaward (a shoreline CDF) (Figure 3-4). After filling and years of drying and
consolidation, the created land is then adapted for its intended end use. These facilities are
typically constructed either as port fill for industrial development or to create parkland or habitat
as the finished end use. For example, port fill facilities have been constructed in other regions,
such as Craney Island in the Port of Norfolk, Virginia, which is still in use and is being
expanded. These sites are large-capacity placement areas for dredged material. They are large,
capital-intensive projects that take a great deal of time and resources to construct and manage.
Development requires Federal, state, and port authority partnerships and cost sharing. A
significant revenue stream is necessary for sponsoring port authorities and agencies to participate
in such projects.

Source: (EPA and USACE, 2004).

Figure 3-4. Upland, Nearshore (Shoreline), and Island CDFs.
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3.5.1 Island CDFs

Island CDFs are constructed in open water (bays, harbors, etc.) and thus present unique site,
design, construction, and operation challenges. Similar to other types of CDFs, the principal
design and operation objectives of island CDFs are to (1) provide adequate storage capacity for
meeting dredging requirements, (2) maximize efficiency in retaining the solids and isolating
them from the aquatic environment, and (3) control releases during filling and over the long
term.

Six potential island CDF alternative sites (Sites B, L, N, P, Q, and R) were identified as
described in the containment alternative site study (USACE, 2012a) (Table 3-4). The locations
of these alternative sites are shown in Figure 3-1. Brief summaries of each identified island CDF
alternative site are presented below. Details on the potential CDF site designs, including
construction methods and engineering considerations, are described in the containment site study
report (USACE, 2012a), the Long Island Sound Studies Dredged Material Containment Facilities
Feasibility Report (USACE, 1985a), and the Long Island Sound Studies Dredged Material
Containment Supplemental Data (USACE, 1985b).

Table 3-4. Island CDF Alternatives.

Capacity

Site ID Type Site Name Footprint (acres) (CY)

B Island CDF | Greenwich Captain Harbor 49 830,000*
L Island CDF | New Haven Breakwaters 1150 58,250,000*
N Island CDF | Falkner Island 240 17,180,000*
P Island CDF | Duck Island Roads 48 1,610,000 *
Q Island CDF | Twotree Island 80 3,400,000
R Island CDF | Groton Black Ledge 125 7,500,000

estimated using specifications from the containment documents

Site B (Greenwich Captain Harbor) is a potential island CDF occupying either the area between
the Calf Islands or between the southern Calf Island and Bowers Island in Captain Harbor near
Greenwich, Connecticut, approximately 1 mi northeast of Byram Point at the mouth of Byram
Harbor (Figure 3-1). The project area connects either the existing Calf Islands or the southern
Calf Islands with Bowers Island. This site would potentially receive dredged material from
regional dredging projects (Port Chester, Greenwich, and Cos Cob harbors).

Site L (New Haven Breakwaters) is a potential island CDF occupying the area behind the west
and middle breakwaters in the southwestern portion of New Haven Harbor adjacent to the
entrance channel to the harbor in New Haven, Connecticut, and anchored to the two breakwaters
west of the channel (Figure 3-1). This site would potentially receive dredged material from New
Haven and other regional harbors.

Site N (Falkner Island) is a potential island CDF approximately 4 mi south of Guilford Harbor,
Connecticut, connecting Falkner Island to Goose Island (Figure 3-1). This site would potentially
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receive dredged material from regional dredging projects (New Haven, Branford, Stony Creek,
Guilford, and/or Clinton harbors).

Site P (Duck Island Roads) is a potential island CDF approximately 0.25 mi south of Kelsey
Point in Clinton, Connecticut, and bounded by the southern tip of Stone Island, East Ledge, and
the Kelsey Point Breakwater (Figure 3-1). The project is a triangle-shaped area approximately
700 yd on each side. This site would potentially receive dredged material from regional
dredging projects (Clinton, Guilford, Westbrook, and/or Old Saybrook harbors).

Site Q (Twotree Island) is a potential island CDF approximately 0.75 mi southeast of Millstone
Power Plant in Waterford, Connecticut, surrounding the existing Twotree Island (Figure 3-1).
This site would potentially receive dredged material from unspecified harbors.

Site R (Groton Black Ledge) is a potential island CDF adjacent to the New London Harbor
navigation channel approximately 1 mi seaward of the entrance to New London Harbor and
south of Avery Point in Groton, Connecticut (Figure 3-1). Black Ledge is an existing rocky
shoal primarily occupying the area within the 18-ft isobath, with depths ranging from 10 to 30 ft
mean low water and a small portion (20 square yards [yd?]) exposed over most of the tidal cycle.
This site would potentially receive dredged material from regional dredging projects (primarily
Thames River, but also Niantic Bay/Harbor, Mystic River, Stonington Harbor, or Pawcatuck
River).

3.5.2 Nearshore/Shoreline CDFs

Nearshore/shoreline CDFs are constructed in shallow coastal water adjacent to land (e.g.,
peninsulas) and use confinement, retention dikes, or other structures to isolate the dredged
material from the surrounding water. One or more dikes are constructed to enclose a Shoreline
CDF. In many cases, one of the sides is land. The dikes are constructed to an elevation above
mean high water to allow ponding of water and retention of dredged material. Direct interchange
between CDF water and surrounding water is restricted. However, clarified effluent is released
from CDFs following settling of solids via a system of weirs or pipes. Upon closure of the CDF,
a clean cap of sediment is typically placed on the surface of the dredged materials. The land
created from this process can then be used for a variety of purposes, including wetland and
upland habitat creation, commercial development (typically port-related), or recreational uses
(USACE, 1999).

Eight potential shoreline CDF alternative sites (Sites A, C, D, F, 1, J, K, and O) were identified
as described in the containment alternative site study (USACE, 2012a) (Table 3-5). The
locations of these alternative sites are shown in Figure 3-1. Brief summaries of each identified
shoreline CDF alternative site are presented below. Details on the potential CDF site designs,
including construction methods and engineering considerations, are described in the containment
site study report (USACE, 2012a), the Long Island Sound Studies Dredged Material
Containment Facilities Feasibility Report (USACE, 1985a), and the Long Island Sound Studies
Dredged Material Containment Supplemental Data (USACE, 1985b).
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Table 3-5. Shoreline CDF Alternatives.

Site Footprint Capacity
ID Type Site Name (acres) (CY)
A Shoreline CDF Hempstead Harbor 116 3,500,000
C Shoreline CDF Norwalk Outer Harbor Islands | 78 930,000*
— Marsh
D Shoreline CDF Norwalk Outer Harbor Islands | 33 400,000*
— Shore
F Shoreline CDF Penfield Reef 1035 38,550,000*
I Shoreline CDF Bridgeport Yellow Mill 16 300,000
Channel
J Shoreline CDF Stratford Point 1090 38,950,000*
K Shoreline CDF Milford Harbor 11 270,000
0] Shoreline CDF Clinton Harbor 100 700,000

* estimated using specifications from the containment documents

Site A (Hempstead Harbor) is a potential shoreline CDF occupying the southwestern shoreline of
Hempstead Harbor near Port Washington, New York, and Glenwood Landing, New York
(Figure 3-1). It would extend along the western shoreline of Hempstead Harbor (south of
Hempstead Harbor Park) approximately 333 yd. The project area overlaps the former operating
area of the Colonial Sand and Stone mining company.

Site C (Norwalk Outer Harbor Islands Marsh) is a potential shoreline CDF approximately 1 mi
south of Manresa Island in Norwalk, Connecticut (Figure 3-1). It is designed to create salt marsh
habitat in Ram Bay between Shea Island and Sheffield Island. This site would potentially
receive dredged material from regional dredging projects (Greenwich, Stamford, Norwalk,
Bridgeport, and/or Saugatuck). The site would then be planted with Spartina alterniflora.

Site D (Norwalk Outer Harbor Islands Shore) is a potential shoreline CDF occupying the area
southwest of Shea Island (Figure 3-1). The project extends across the cove on the southwest side
of Shea Island, through Wood Island. This site would potentially receive dredged material from
regional dredging projects (Greenwich, Stamford, Norwalk, Bridgeport, and/or Saugatuck).

Site F (Penfield Reef) is a potential shoreline CDF extending approximately 1.25 mi southeast
around Penfield Reef from Shoal Point in Fairfield, Connecticut (Figure 3-1). Penfield Reef is
currently a small island and a submerged ridge with elevations between +0.2 and -10.8 ft mean
low water, but historical records indicate it was once a barrier beach providing protection to
landward areas. This site would potentially receive dredged material from Black Rock Harbor
(via hydraulic dredge) or other regional projects, such as Westport Harbor/Saugatuck River,
Southport, Bridgeport, or Housatonic River (using booster pump or mechanical dredging with

bucket/scow).

Site | (Bridgeport Yellow Mill Channel) is a potential shoreline CDF filling the northern reach of
the Yellow Mill Channel between the railroad corridor and 1-95 in the city of Bridgeport,
Connecticut (Figure 3-1). The project area is an industrial channel adjacent to Bridgeport Harbor
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and abutting an elementary school and two parks. The site would potentially receive dredged
material from Bridgeport Harbor (likely via hydraulic dredge). The site would be capped for
upland development.

Site J (Stratford Point) is a potential shoreline CDF occupying the area south of Stratford Point
and Lordship west to Lewis Gut in Stratford, Connecticut (Figure 3-1). The site would
potentially receive dredged material from unspecified harbors. Previous investigations of this
site were not encountered in the literature.

Site K (Milford Harbor) is a potential shoreline CDF occupying the area outside the eastern jetty
of Milford Harbor and adjacent to Gulf Beach adjacent to the entrance channel to Milford Harbor
in Milford, Connecticut ,and anchored to the outside of the eastern jetty (Figure 3-1). The
Milford Harbor project was originally proposed for the western jetty but was later altered to take
advantage of littoral drift to feed Gulf Beach. The site would potentially receive dredged
material from Milford Harbor (via hydraulic dredge).

Site O (Clinton Harbor) is a potential shoreline CDF that would create a salt marsh habitat
adjacent to the Clinton Harbor Federal navigation channel along the southern shoreline of Cedar
Island and the eastern shoreline of Willard Island (Hammonasset Beach State Park) (Figure 3-1).
The site would potentially receive dredged material from Clinton Harbor via hydraulic pumping.
The site would then be planted with Spartina alterniflora, creating 68 acres of tidal wetlands.

3.5.3 Upland CDFs

No specific upland CDF sites were identified as part of the containment site study report
(USACE, 2012a). This does not preclude the requirement for individual port and harbor
dredging projects to investigate and evaluate the potential for upland confined placement
alternatives for specific project purposes.

3.6 LANDFILL PLACEMENT

Upland placement alternatives were investigated within the Long Island Sound region as part of
the Long Island Sound DMMP effort (USACE, 2010). The upland study included a review of
existing landfills and identified one privately owned landfill which could potentially accept
dredged material as fill material (Site 59) (Table 3-6). This site was originally a sand mine, and
now the excavated areas are being filled. This landfill can accept various types of material,
including electrical conduit, construction and demolition material, and organic waste. Tipping
fees are generally lower than at municipal landfills in the area. The landfill has a great deal of
capacity and flexibility to accept dredged material as daily cover or fill. The dredged material
would first need to be processed for upland placement as described in Section 3.8.1 before it
could be placed at this site. The disadvantages of upland placement are additional costs for
dewatering/processing the dredged material, additional material handling, and transportation
costs. Additional details regarding this site can be found in the upland study report (USACE,
2010). Landfill cover and capping alternatives were also identified in that report and are
discussed below as part of the upland beneficial use alternatives (Section 3.8.3).
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Table 3-6. Landfill Placement Alternatives.

Site ID Type State Town Site Name Capacity
(CY)
59 Landfill NY Melville 110 Sand Company Clean 1,000,000
Fill Disposal Site

3.7 BENEFICIAL USE IN THE COASTAL ZONE

Beneficial use can be either for an ecological benefit (e.g., beach nourishment, marsh creation)
an economic benefit (e.g., port development fill), or a combination of purposes (Brownfield
restoration). Beneficial use of dredged materials is encouraged where a need for such use exists,
the dredged material is suitable for that use, and any additional cost associated with that
placement method is justified by the benefit. It is USACE policy to consider and weigh the
beneficial use potential of dredged material prior to pursuing other options. Beneficial uses
include beach nourishment through either direct placement or nearshore placement,
environmental uses such as marsh creation or bottom habitat development, along-shore fill in
support of waterfront development, or some of the upland uses such as landfill and Brownfield
capping and remediation. While salt marsh restoration occurs in the coastal zone, it is
considered as an upland beneficial use in this PEIS (in Section 3.8) because it was included as a
habitat restoration alternative during the initial screening process. As a consequence of the
grouping, they were binned in the “upland” alternatives list during the alternative screening
process. The suitability of dredged material for these uses depends largely on the project-
specific evaluation of the dredged material’s type and quality. All of these possible options are
project-specific, and must be examined for each individual dredging project. In the Long Island
Sound region, the states of CT and NY have participated in beneficial use projects, both through
cost-sharing where Federal interest was warranted, and by providing full non-Federal funding in
other cases. It is in part through these efforts that the volume of open water placement in Long
Island Sound has been reduced in the past several years.

3.7.1 Beach Nourishment

The most common form of beneficial use is beach nourishment using suitable sandy dredged
materials on beaches adjacent to the harbor being dredged. Several times each year, projects of
this nature are undertaken in New England waters. This method of placement is commonly used
to maintain entrance channels and beaches for the harbors of Nassau and Suffolk Counties on
Long Island, and to a lesser extent, for Connecticut harbors, using a hydraulic pipeline dredge to
pump materials directly onto the receiving beach. For most projects, this requires a receiving
beach within about 1 mi of the dredging site. Entrance channels at Connecticut harbors such as
Milford, Clinton, Westbrook, Little Narragansett Bay, Southport, and the Housatonic River have
all used direct beach placement in past dredging projects.

The upland, beneficial use, and sediment dewatering site study identified 67 beaches that could
potentially accept dredged material from USACE Navigation Projects for beach nourishment
activities (USACE, 2010). This group of beaches (presented in Table 3-7) consists of
municipal/county, state, and Federal Shore Protection beaches. The locations of these beaches
are shown in Figure 3-1. Most of the identified beaches are located in Connecticut (37 beaches),
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with New York having 24 beaches and Rhode Island having 6 beaches. In general, most of the
beaches considered in this study have capacity for clean, beach-compatible sand in the medium-
to coarse-grained size range. The estimated existing site capacity for beaches in the study area
ranges between 4.9 million and 6.0 million CY. Beaches that receive beach nourishment are still
subject to loss or accretion of sand by natural coastal actions. Therefore, at any time, the
capacity could be lower or higher, depending on natural events. For that reason, the capacity
identified above is considered the “typical” capacity. At several sites, beach nourishment
designs have been completed by the USACE or the state environmental offices in New York and
Connecticut in preparation for shore protection projects. Detailed site summaries for each of
these beaches, as well as site capacity methodology, are included in the upland, beneficial use,
and sediment dewatering site study report (USACE, 2010).
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Table 3-7. Beach Nourishment Alternatives.
Capacity | Capacity +
Site ID | State Town Site Name (CY)2 | 35% (CY)P
323 CT Bridgeport Seaside Beach 130,900 176,700
433 CT Fairfield Southport Beach 15,700 21,200
434 CT | Fairfield Sasco Hill Beach 6,300 8,500
436 CT | Fairfield Jennings Beach 24,700 33,400
365 CT Madison Hammonasset State Park 562,700* 562,700*
457 CT Madison East Wharf Beach 4,300 5,700
364 CT Milford Silver Sands State Park 21,000 28,400
444 CT Milford Gulf Beach 5,300 7,100
451 CT Milford Woodmont Shore Beach 500 700
337 CT New Haven Lighthouse Point Park Beach 3,400 4,600
320 CT Norwalk Calf Pasture Beach 31,900 43,000
441 CT | Stamford Cove Island Beach 20,100 27,100
442 CT | Stamford Cummings Park Beaches 38,700 52,200
450 CT Stratford Short Beach 54,400 73,500
447 CT West Haven Prospect Beach 63,100 85,300
438 CT | Westport Burial Hill Beach 2,800 3,700
440 CT | Westport Compo Beach 65,800 88,800
449 CT | Westport Sherwood Island State Park 71,400 96,300
181 NY Bronx Orchard Beach 33,750* 33,750*
453 NY | East Hampton Lake Montauk Harbor 400,000* 400,000*
63 NY | Huntington Asharoken Beach 600,000* 600,000*
456 NY | Oyster Bay Bayville 77,200 104,200
454 East NY | Southold Hashamomuck Cove — County Road 48 | 162,800 219,800
454 West NY | Southold Hashamomuck Cove — Kenney’s Beach 50,700 68,500
455/82 NY Mattituck Mattituck Harbor 111/Bailie’s Beach 100,000* 100,000*
384 RI Westerly Misgquamicut State Beach 32,000 43,200
367 CT | East Lyme Rocky Neck State Park 10,400 14,100
368 CT Groton Bluff Point State Park 131,200 177,100
171 NY | Wading River Wildwood State Park 164,100 221,500
173 NY | East Hampton Hither Hills State Park 319,600 431,500
177 NY | East Hampton | Shadmoor State Park 20,100 27,100
178 NY | East Hampton | Camp Hero State Park 76,900 103,800
179 NY | East Hampton Montauk Point State Park 147,300 198,900
170 NY Kings Park Sunken Meadow State Park 160,600 216,800
180 NY | Orient Orient Beach State Park 119,900 161,800
445 NY | Riverhead Jamesport State Park 120,000 161,900
446 NY | East Hampton | Theodore Roosevelt County Park 427,400 577,000
343 CT Clinton Clinton Town Beach 1,200 1,600
474 CT Fairfield South Pine Creek Beach 100 100
339 CT | Guilford Jacobs Beach 6,400 8,600
459 CT New Haven Fort Nathan Hale Park 5,300 7,100
348 CT Old Lyme White Sands Beach 1,700 2,300
480 CT Stonington DuBois Beach 3,300 4,500




Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-21
Table 3-7. Beach Nourishment Alternatives (continued).

Site Capacity | Capacity +
ID | State Town Site Name (CY)2 | 35% (CY)P
467 CT Stratford Long Beach 23,200 31,300
468 CT Stratford Russian Beach 31,700 42,800
325 CT | West Haven Altschuler Beach 51,200 69,100
327 CT | West Haven Bradley Point Park 11,600 15,600
329 CT West Haven Morse Beach 17,700 23,900
330 CT | West Haven Oak Street Beach 17,700 23,900
331 CT | West Haven Peck Beach 29,800 40,200
332 CT | West Haven Sandy Point 27,700 37,400
333 CT | West Haven Savin Rock 1,800 2,400
344 CT | Westbrook Middle Beach 600 900
345 CT | Westbrook West Beach 42,200 57,000
121 NY | East Hampton | Gin Beach 9,000 12,200
64 NY | Huntington Hobart Beach 128,800 173,900
67 NY | Huntington Crescent Beach (Huntington) 3,600 4,800
68 NY Huntington Gold Star Battalion Beach 2,400 3,200
111 NY | Shelter Island Crescent Beach (Shelter Island) 23,900 32,200
76 NY | Southold Southold Town Beach 23,200 31,300
79 NY | Southold Gull Pond Beach (Norman E. Klipp Park) 14,400 19,500
381 RI Westerly Watch Hill Beach 22,600 30,500
382 RI Westerly Napatree Point Beach 68,100 91,900
437 NY | Southold Plum Island 41,600 56,100
600 RI New Shoreham | Crescent Beach (Block Island) 66,667 90,000
610 RI New Shoreham | Sachem’s Pond West Beach 66,667 90,000
620 RI Westerly Sandy Point Beach (Westerly) 80,000 108,000

*Nourishment volume obtained from USACE or state environmental engineering design.
aThe beach nourishment capacity generated using the methodology described in USACE (2010) is a conservative
estimate (low-end value). In most cases, the beaches in the study area could hold an additional volume of material
on the upper beach face above the berm or in dune areas at the landward edge of the beach. In addition, these
volumes reflect the available capacity for a single placement event, not the total capacity over the 30-year planning

horizon. Littoral transport of material and sea level rise will create an ongoing need for material for beach

nourishment.

bA high-end capacity volume was calculated by increasing the conservative estimates by 35%.
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3.7.2 Nearshore Bar/Berm Placement

Equally common in much of New England is the practice of depositing clean sandy or silty sand
materials from hopper dredges into the nearshore littoral bar system off beaches. This method of
dredging and placement allows placement of the material in beach systems at a greater distance
from the dredging site than can be achieved with a pipeline dredge, and it also allows natural
forces to sort fine materials from the coarser materials. However, this method of beneficial use
has not been widely used in Long Island Sound, and most material generated by the region’s
dredging projects is not suitable for use as beach nourishment.

Nearshore berms are submerged, high-relief mounds, generally built parallel to the shoreline.
They are commonly constructed of sediment removed from a nearby dredging project. There are
typically two types: feeder berms and stable berms. Feeder berms are transient features that
contain predominantly clean sand placed in the nearshore zone directly adjacent to a beach. The
physical benefits of feeder berms include the introduction of new sediment to the littoral system,
beach nourishment through onshore sediment transport, and a reduction in nearshore wave
energy along with reduced shoreline erosion. Stable berms are generally longer-lasting features
constructed in deeper water or low-energy environments, where sediment transport is limited.
These berms can be constructed with finer-grained material since the environment is not
conducive to wave- or current-induced sediment transport. The physical benefits to stable berms
include reduced wave energy along the shoreline, lower shoreline erosion, and enhanced habitat
for fisheries.

Costs associated with nearshore berm construction are generally lower than hauling the dredged
sediment to an offshore placement site or, in the case of clean beach-compatible material,
pumping directly to the beach. Additionally, by linking the dredging activity with nearby beach
needs through regional sediment management, a least-cost dredging and nearshore placement
solution can often result in a beneficial use alternative.

The nearshore berm study (USACE, 2012b) identified and characterized 39 nearshore berms that
could potentially receive dredged material from USACE Navigation Projects (Table 3-8). The
study report also discusses the construction methods, engineering considerations, and regulatory
oversight for these sites. Connecticut contains most of the potential sites (21 sites), followed by
New York (15 sites) and Rhode Island (5 sites). The locations of potential nearshore berm sites
are shown in Figure 3-1.

Table 3-8. Nearshore Berm Alternatives.

Site
Length | Capacit
Site ID Site Name (ft) y (CY) Sediment Type Type
177 Shadmoor State Park 1,477 33,700 | medium sand Feeder
178 Camp Hero State Park 3,703 84,332 | cobble to coarse sand | Feeder
179 Montauk Point State Park 5,760 131,119 | cobble to coarse sand | Stable
121/446 | G Beach & Theodore 8892 | 202,358 | medium to finesand | StaPle
Roosevelt City Park
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Table 3-8. Nearshore Berm Alternatives (continued).
Site
Length | Capacit
Site ID Site Name (ft) y (CY) Sediment Type Type
453 Lake Montauk Harbor 4,618 105,144 | medium to fine sand Stable
173 Hither Hills State Park 12,132 276,053 | coarse sand Stable
180 Orient Beach State Park 8,968 204,086 | medium sand Stable
A54A Hashamomuck Cove — County 6.815 155,115 | coarse sand Stable
Road 48
a54p | Hashamomuck Cove - 3,196 72,800 | coarse sand Stable
Kenney’s Beach
455/82 Mqtt-ltyck Harbor 111/ 1540 35133 | medium sand Stable
Bailie’s Beach
445 Jamesport State Park 5,695 129,641 | medium to coarse sand | Stable
171 Wildwood State Park 8,693 197,831 | coarse to medium sand | Stable
170 Sunken Meadow State Park 10,670 242,799 | medium to coarse sand | Stable
63 Asharoken Beach 10,912 248,304 | medium to fine sand Stable
456 Bayville 4,224 96,182 | medium sand Stable
441 Cove Island Beach 1,235 28,196 | coarse sand Stable
320 Calf Pasture Beach 1,325 30,243 | medium to coarse sand | Stable
440 | Compo Beach 2,561 58,356 | coarse sand Stable
449 Sherwood Island State Park 4,648 105,931 | coarse sand Stable
438 Burial Hill Beach 554 12,706 | coarse sand Stable
433 | Southport Beach 1,192 27,218 | coarse sand Stable
434 Sasco Hill Beach 878 20,076 | coarse sand Stable
323 Seaside Beach 6,285 143,060 | medium sand Stable
467 | Long Beach 1,989 45,346 | medium sand Stable
364 | Silver Sands State Park 1,111 25,375 | fine sand Stable
451 Woodmont Shore Beach 354 8,157 medium to coarse sand | Stable
447 Prospect Beach 2,413 54,990 | medium sand Stable*
327/333 | Bradley Point Park/Savin .
1230 Rock/Oyak Street Boach 9,435 214,709 | medium sand Stable
337 Lighthouse Point Park Beach 2,439 55,581 | medium sand Stable*
457 East Wharf Beach 379 8,726 | coarse to medium sand | Stable
365 Hammonasset State Park 6,151 140,012 | medium sand Stable
(B;(;g::/ﬁ Grove Beach 2,757 62,814 | medium sand Stable*
367 | Rocky Neck State Park 2,131 48,576 | medium sand Stable
368 Bluff Point State Park 3,173 72,277 | coarse sand Stable
3g1/3g2 | YVatch Hill Beach /Napatree 6,806 | 154,911 | medium tofinesand | FE€der
Point Beach
384 Misquamicut State Beach 3,093 70,457 | medium to fine sand Feeder
600 Crescent Beach N/A 192,274 | medium sand Unknown
610 Sachem’s Pond West Beach N/A 194,495 | sandy cobble Unknown
620 Sandy Point Beach (Westerly) 2,168 80,000 | sand Unknown

*Site assumed to be stable due to protection by breakwaters; near-bed velocity not calculated. N/A = Not available
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3.8 UPLAND BENEFICIAL USE

The use of dredged material has been important in the environmental and economic restoration
of degraded lands in many areas of the country. Dredged material must be processed prior to
upland placement. Up-front processing can include screening to remove debris (including
organic detrital material) and rocks, amending the dredged material with Portland cement to
reduce moisture and stabilize contaminants, and dewatering (see Section 3.8.1).

There are testing and additional permit requirements and criteria that must be met for upland
placement. The Upland Testing Manual (USACE, 2003) provides technical guidance for
evaluating potential contaminant migration pathways from CDFs. It describes a tiered testing
approach that is faster and less expensive than testing for ocean placement. Once processed,
almost all material dredged for navigation can meet the leachability and other chemical criteria
for upland placement, though leachability tests need to be performed on representative samples
in each case. The type of leachability test and the number of extractions would be decided by the
regulatory agency. Geotechnical testing is required for any use where a load is applied.

3.8.1 Processing of Dredged Material for Upland Placement

Pretreatment and Dewatering

Dredged material for upland placement requires additional handling. Transport of the material
from the dredging location to the shore can be accomplished by either barge or pipeline. Off-
loading of the dredged material from a barge requires that the barge be secured to a pier or
seawall along the shore front. Front end loaders or cranes are used to unload the dredged
material from the barge and place it either directly adjacent to a staging area on-site or in lined
dump trucks, which then move the material to a specific location on or off the site. The materials
handling component of this pretreatment phase is critical to ensure that the dredged material is
handled properly and to preclude the loss of dredged material back into the waterway. If the
dredged material has a high water content, water-tight crane buckets and dump trucks may be
required to minimize the uncontrolled discharge of sea water and suspended sediment back into
the water. Where hydraulic dredging is used, the slurry may be conveyed directly to the
dewatering site or equipment. Dredged material could also be removed by slurry directly from a
barge. This slurry would be more applicable to a mechanical dewatering scenario.

Dredged material is screened prior to dewatering to remove large pieces of debris, such as piling
fragments, fishing gear, reinforcing bar/wire, rocks, and other debris typically encountered in an
urban harbor environment. This material must be removed from the dredged material and
disposed of separately. It may require decontamination by washing or steam. Pretreatment may
include sand separation by a hydrocyclone or other type of particle classifier system to remove
sand for beneficial use. Following removal of debris, oversize material, and sand, the remaining
material is treated with flocculants, coagulants, or other chemicals such as lime, ferric chloride,
and aluminum sulfate to speed settling and thickening.

The selection of a dewatering technology involves consideration of factors such as dredged
material volume, permitting requirements for water treatment discharge, duration of the project,
sediment texture and contaminant loads, the land area required for staging and processing,
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proximity to residential communities, odor control and noise, cost, and the end use of the
processed material. The technology selected and its performance may have considerable effect
on the overall project costs, particularly when the dewatered material must be transported for
further processing or placement.

Passive Dewatering

In passive dewatering, water is separated through gravity drainage and/or evaporation or,
alternatively, passed through a fabric filter. This approach requires large land areas and
engineered containment.

Settling ponds

Settling ponds are engineered containment areas with impermeable liners. Water is removed
from the top by weir boxes and pumped to a treatment facility prior to discharge. Coagulants,
flocculants, subsurface drainage, and wick (vertical strip) drains may be used to promote
dewatering and consolidation (EPA, 1994). The dewatered sediment can be excavated and
transported for treatment or placement or left in place as a CDF. Cells within the containment
can be constructed for multiple projects. Odor treatment, such as with lime, may be needed to
control the sulfur odor produced by anaerobic decomposition.

Geotextile methods

In this method, sediment is pumped as slurry into bags made of geotextile material on an
impermeable liner. The excess water drains through the geotextile and is collected (usually in an
engineered settling basin), treated by sand and charcoal filters, and discharged. Once the
sediment is dewatered, additional dredged material can be added to the bags until capacity is
reached. Various chemical additives and treatments can be added to the slurry during and after
pumping. Air lines can be inserted into the bags along with microbes for bioremediation. When
desired cake dryness is reached, the bags can be cut open and the dewatered sediment can be
transported for placement in a landfill or for further treatment and beneficial use.

Mechanical Dewatering

Mechanical dewatering systems squeeze, press or draw water from sediment. Much less land is
required for mechanical systems than for passive systems. To be economically viable, these
methods require a consistent flow of dredged material (it is not batched fed).

The principal methods of mechanical dewatering are belt filter presses and plate-and-frame or
membrane filter presses. Polymers or inorganic conditioners and flocculants are used to
facilitate water separation either before or during pressing. Belt filter presses typically achieve
about 50% solids in the processed filter cake, while plate-and-frame or membrane filter presses
can achieve up to 70% solids. The excess water is collected, treated, and discharged. The
processed filter cake can be transported for placement in a landfill or for further treatment and
beneficial use.

Stabilization

Dredged material is commonly amended with Portland cement to dewater and stabilize material
unsuitable for ocean disposal in a single process. At the present time, Portland cement is the
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most common pozzolanic additive and is typically added at 8%, though fly ash, coal dust, and
other such materials may be feasible if they are tested and determined to meet land-based
criteria. The amending agent and the dredged material may be homogenized in a barge using
rakers or by pugmill systems situated on land. The amendment either physically binds (encloses)
contaminants within a stabilized mass or causes chemical reactions to reduce their mobility and
susceptibility to leaching. Pozzolanic amendments are particularly effective in chemically
binding metals but are less effective for organic compounds. Organic compounds are
immobilized in the matrix by entrapment or encapsulation of the particles they are adhered to.

Combining dewatering and treatment technologies at a single regional facility is a cost-effective
approach used in many areas such as New York/New Jersey Harbor and on Superfund sites such
as the Fox River in Wisconsin and the Miami River in Florida.

Potential Dewatering Sites in the Long Island Sound Study Area

Potential locations for regional dewatering facilities were identified during the upland, beneficial
use, and dewatering site studies (USACE, 2009); (USACE, 2010). These regional facilities, if
developed, would be available to process and dewater dredged material from several USACE
and other Federal agency projects within the Long Island Sound study area. Regional
dewatering facilities are large, capital-intensive projects that take a great deal of time and
resources to construct and manage. Development requires Federal, state, and port authority
partnerships and cost sharing. A significant revenue stream is necessary for sponsoring port
authorities and agencies to participate in such projects.

Historically, USACE has also used smaller, local dewatering facilities located near the sites of
USACE Navigation Projects for dredged sediment rehandling and processing. The regional and
local dewatering sites that were identified during the Long Island Sound DMMP effort are listed
in Table 3-9 and their locations are shown in Figure 3-5. The relative distances between these
dewatering sites and the USACE Navigation Projects and upland alternative sites were used to
screen the upland alternatives (Section 3.8.3) in Chapter 6 (Alternative Selection).

3.8.2  Uses of Processed Dredged Material

Non-structural and Structural Fill

As non-structural fill, processed dredged material can be valuable in the conversion of fallow or
impacted real estate to productive use. For Brownfield applications, it is used to raise site
elevations or, as a low-permeability capping material, to isolate impacted soil below parking lots
and other paved areas. One example of this application is the Jersey Gardens Mall (Newark,
New Jersey), where approximately 800,000 CY were used. Approximately 5 million CY of
sediment were used to construct the Bayonne, New Jersey, Golf Club course. In New Jersey,
processed dredged material has been used extensively for landfill daily cover and under the liner
applications in landfill closures. The processed dredged material must be cured either before
application or during application through the use of small lifts to cure in place. A limitation to
some applications is that the high pH, chlorides, and sulfides present in processed dredged
material are potentially corrosive to buried concrete and steel, so corrosion protection measures
may be required (Maher, et al., 2013).
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Table 3-9. Potential Regional and Local Dewatering Sites
Identified within the Long Island Sound Study Area.

Approximate | Capacity
Site ID Site Name Town State Acreage (CY)?
Currently Feasible
CT 28 Anastasio Trucking Site New Haven CT 15 23,100
CT 54 P&W Railroad Co. Site Norwich CT 11 17,500
Northport Boat Ramp and
NY 5 A | Fields Huntington NY 37 122,000
Potentially Feasible in the Future
Hamden &North

CT _30_A | North Haven Tire Pond Site Haven CT 32 99,600
CT 41 Ansonia Target Store Ansonia CT 11 1,000
CT 8 Fairfield Public Works Site Fairfield CT 125 47,800
NY 1° Mattituck Agricultural Fields® | Mattituck NY 450 2,085,000
NY 28 Shoreham Power Station Brookhaven NY 105 42,600
NY_29 North Hempstead Aerodrome | North Hempstead | NY 75 39,900
NY 3 Northville Agricultural Fields | Northville NY 72 35,200
NY 5 B Northport Power Station Huntington NY 13 63,000
NY 7 A | Garvies Pt. Remediation Site Glen Cove NY 15 27,300
NY 8 Glen Cove Industrial Site North Hempstead | NY 25 11,000
Rl 4 C Quonset Point South North Kingstown | RI 15 87,800
RI 5 Quonset Point North North Kingstown | RI 43 102,200
Local
Branford
Harbor Branford Harbor Branford CT 9.6 N/A
Cedar
Island
Marina Cedar Island Marina Clinton CT 13.4 N/A
Jacobs
Beach Jacobs Beach Guilford CT 6.2 N/A
Manresa
Island Manresa Island Norwalk CT 52.3 N/A
Patchogue
Marina Patchogue Marina Westbrook CT 7.0 N/A

N/A = not available

aDewatering site capacity calculations were performed to estimate the maximum amount of material that could be
dewatered on a given parcel (USACE, 2010). The analysis assumed that the dewatering facility would consist of a
single basin made up of retaining dikes to passively dewater the dredged material. In addition, a minimum one-
quarter acre was reserved outside the dewatering area, for staging (e.g., storage of trucks, equipment, pipeline) and
to support work on constructing and maintaining drainage features.
®During the public review process, local officials requested that this site be removed from further consideration as
the Town would not support that use.
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Figure 3-5. Potential Regional and Local Dewatering Sites Identified within the Long Island Sound Study Area.
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One potential beneficial use of dredged material is the concept of reclaiming abandoned strip
mine sites that are too acidic for standard reclamation practices (EPA and USACE, 2004). Mine
reclamation would require large quantities of dewatered dredged material that could be
moderately contaminated and still be acceptable, as long a permit requirements were met. This
material could be used to provide substrate for vegetative cover, with the ultimate goal of
remediating the site for limited recreational use or habitat restoration.

One example of a mine reclamation site is the Hazelton Mine in Pennsylvania. This reclamation
site is a 277-acre abandoned mine site southwest of downtown Hazelton that contains deep mine
pits and spoil piles. Approximately 50 acres of the site was used previously for placement of
industrial and municipal waste. Extensive underground mining occurred throughout the area,
and the mines are currently filled with water. Water discharges through a mine tunnel into a
stream that feeds the Susquehanna River. The site’s reclamation plan seeks to fill mine pits and
redevelop the area in order to create the Hazelton Performing Arts Center and shopping facilities
at the site. Currently, the project is permitted by the Pennsylvania Department of Environmental
Protection (PA DEP) (O-85 and O-96) to receive dredged material, cement kiln dust, and
regulated fill (construction waste) and is currently in active operations. The reclamation project
has received 700,000 CY of dredged material from the USACE Philadelphia District (Fort
Mifflin) in the past. Additional details about the Hazelton Mine site can be found in the Phase 2
upland, beneficial use, and dewatering site study report (USACE, 2010). Because this site is
located outside of the Long Island Sound study area, it is not currently being considered as a
potential alternative site for USACE and other Federal agency projects in Long Island Sound. In
addition, the relative costs associated with placement at this alternative site are much higher than
other alternatives located within the study area. For example, for a hypothetical project with
26,000 CY of dredged material, estimated costs for transporting this material via railroad to the
Hazelton Mine site in Pennsylvania mine are two to five times more expensive than for other
upland placement sites located within the study area.

With appropriate additives, curing, and moisture control verified by geotechnical testing of the
final product, processed dredged material can be suitable for structural fill (capable of supporting
2,400 pounds per square inch [psi]) or other uses where the material must meet strength
requirements. It is considered suitable, flowable fill (controlled low-strength materials: materials
having compressive strength of 1,200 psi or less) for use as backfill for utility and trenches.

Road Bed and Berm Materials

Processed dredged material may be suitable for use in the construction of roadway embankments
when engineered to meet geotechnical and slope stability criteria. Typically the material is
suitable for embankments with horizontal:vertical slopes between 4:1 and 3:1 (Mabher, et al.,
2013).

Manufactured soil

Suitable dredged material may be amended with organic material, cellulose, or biosolids to
create manufactured soil for use as a growing medium. The blend of additives will depend on
the physical and chemical characteristics of the dredged material and the availability of organic
materials (Sturgis, et al., 2001). For harbor material, this technique was demonstrated at New
York City’s Pennsylvania Avenue and Fountain Avenue landfills using dredged sand and fine-
grained material. In a study using contaminated sediments, the USACE blended yard waste and
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biosolids with Newtown Creek (Brooklyn, New York) sediments. The study found that the
manufactured topsoil immobilized metals and organic contaminants and resulted in little
leaching from the manufactured soil. Because dioxins and polychlorinated biphenyls (PCBs)
were not degraded, the manufactured soil in this case was recommended for use only on
controlled sites such as landfills (Lee, 2000).

A number of technologies can be used for manufacturing soil. If texturally and chemically
suitable, the end products from innovative technologies described in Section 3.9 can be raw
material for soil manufacturing.

Residual salinity may be a limitation in selecting suitable placement sites for manufactured soil
derived from dredged material as salts may leach from the dredged material and impact
groundwater or adjacent surface water quality. However where placement occurs in coastal
locations, groundwater and surface water may be naturally brackish or estuarine in salinity and
would not be adversely impacted by leached salts.

Blending

Clean material can be simply blended with organic additives, fertilizer, compost, clay, and sand
(as needed) using a pugmill. This technique was used by New York City at the Pennsylvania
Avenue and Fountain Avenue landfills.

Land tilling

Land tilling is a bioremediation technology in which dredged material is applied to land in a
shallow lift (less than 1 ft) and tilled periodically to allow oxygenation and bacterial growth.
Organic additives, fertilizer, and sand may be tilled into the dredged material. The technique is
suitable for material containing aerobically biodegradable compounds such as petroleum
hydrocarbons and non-halogenated semi-volatile organic compounds (SVOCs), pesticides, and
coal tar wastes. Petroleum refineries have used land tilling to help dispose of waste sludges. It is
not suitable for clayey material; material containing volatile contaminants, halogenated
compounds, or metals; or highly contaminated material. Siting requires a large area, and
considerations include land use restrictions, climate, soil texture and chemistry, depth to
groundwater, proximity to surface water, and slopes (EPA, 2003). A significant limitation is that
soil temperatures are favorable to soil bacteria only 7 to 9 months of the year (EPA, 2004b).

Land farming

Land farming is similar to land tilling, but differs in that clean soil is mixed into the
contaminated material. Volatile organic compounds (VOCs) may require operations within an
enclosure (EPA, 2004b).

Composting

Composting is a bioremediation process that degrades organic contaminants. In composting,
bulking agents (e.g., wood chips, bark, sawdust, straw) are added to the solid material to absorb
moisture, increase porosity, and provide a source of degradable carbon. Water, oxygen, and
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nutrients are added to facilitate bacterial growth. Composting techniques include aerated static
pile, windrowing, and closed reactor designs (Reis, et al., 2007).

Asphalt Batching

Tests have proven asphalt’s effectiveness in immobilizing total petroleum hydrocarbon (TPH)
compounds, VOCs, and polycyclic aromatic hydrocarbon (PAH) compounds (Office of Coastal
Zone Management, et al., 2012). Sandy material containing petroleum contaminants (especially
No. 2 and No. 6 fuel oils and lubricating oils) or non-hazardous concentrations of metals are
particularly suitable for reuse in asphalt (NAVFAC, 2014a). Lighter hydrocarbon compounds or
solvents may generate emissions, affect curing time, and soften the mixture. High silt
concentrations may generate dust.

Hot or cold mix methods may be used. Hot mix is prepared by blending coarse and fine
aggregate and drying at 500 to 800°F. The dried aggregate is then mixed with bitumen at 300 to
350°F. In cold mix, contaminated solids are blended with asphalt emulsions in a pugmill. The
asphalt-emulsion-coated material is stockpiled and allowed to cure for approximately 2 weeks.
Pretreatment requirements include debris screening, dewatering, and size classification by
screening or crushing to less than 3-inch diameter. The end product can be a stabilized base
material for parking lots or roadways. Limiting exposure to air helps avoid potential swelling
problems resulting from hydration of sulfides and reduced metals (NAVFAC, 2014a).

3.8.3 Upland Beneficial Use Alternatives

The Phase 2 upland, beneficial use, and sediment dewatering site study (USACE, 2010)
identified seven upland beneficial use sites that could potentially accept dredged material from
USACE Navigation Projects (Table 3-10): one redevelopment/construction site, four landfill
capping/cover sites, and two habitat restoration areas. These alternative sites are described in
more detail below. Detailed summaries for each site are included in the upland, beneficial use,
and sediment dewatering site study report (USACE, 2010).

Brownfields and Redevelopment Sites

In Brownfield re-development, contaminated or clean dredged sediment may be used as fill for
development projects at Brownfield sites, such as abandoned industrial sites and
cleanup/remediation sites. The in-situ soil at a Brownfield sited under development may contain
contaminants at levels that are deemed acceptable for the project. Opportunity, therefore, exists
for such a project to use contaminated sediment with constituent levels that are consistent with
those permitted for the project. For substantially clean Brownfield sites, leach testing of dredged
sediment by may be required before placement as fill. Applicability of using dredge material for
Brownfield re-development in the study area will be highly site dependent (e.g., proximity to
underlying groundwater resources, local use of groundwater, proximity to residential areas, etc.)
and final acceptance by the regulatory agencies would likely be determined based on these
conditions and possibly the results of a risk assessment. Another consideration is the timing
between needed dredging projects and the schedule for Brownfield redevelopment so that the site
could use the dredged material.
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Table 3-10. Upland Beneficial Use Alternatives.

Site ID Type State Town Site Name Capacity (CY)
422/423 | Brownfield NY | Flushing | Flushing Airport Wetlands 140,000
and Upland
Landfill .
251 . CT | Manchester | Manchester Landfill 1,200,000
Capping/Cover
o772 | Landfill CT | Windsor | Windsor-Bloomfield Landfill® | 160,000
Capping/Cover
61 Landflll NY | Brookhaven | Town of Brookhaven Landfill 700,000
Capping/Cover
Landfill Blydenburgh Road Landfill
60° . NY | Islip Complex, Clean Fill Phase 1 + 700,000
Capping/Cover ob
427 gab'tat . NY |Brooklyn | Plumb Beach 47,700 — 64,400
estoration
Habitat Brooklyn & . 600,000 -
429 Restoration NY Queens Jamaica Bay Marsh Islands 750000

aFollow-up phone calls conducted in 2015 indicate that this landfill is no longer active. Therefore, this site was not
included in the PEIS alternative screening (Chapter 6).

There is a likely capacity issue at Site 60 (design year through 2015 or 2016). In addition, past trouble using
dredged material at this site makes it unlikely that the site will accept dredged material in the future. For these
reasons, this site was not included in the PEIS alternative screening (Chapter 6).

One redevelopment/construction site was identified as having potential capacity for dredged
material. The Flushing Airport wetlands and upland site was formerly an airport (from the 1920s
to 1980s) under the New York City Department of Transportation (NYC DOT) marine and
aviation division. The site is now in remediation/redevelopment under the NYSDEC. The
project is required to use clean fill according NYSDEC CP-51 / Soil Cleanup Guidance
(NYSDEC, 2010). Placement of fine-grained dredged materials is allowed, provided the
materials meet these regulatory criteria.

Landfill Capping/Cover

Landfills require capping material to sequester waste material from the environment. Landfills
are an upland placement site for dredged material. In most cases, dredged material would be
used in some form of cover application (daily, intermediate, or final cover). Dredged material
not suitable for ocean placement may be used when amended to immobilize contaminants and
thereby protect groundwater and surface water. Daily cover is a thin layer of material placed
over active portions of the site to minimize grazing by wildlife, control odor, and reduce dust. A
thicker intermediate cover may be placed over portions of a landfill to further encapsulate the
waste material while still allowing for infiltration to promote decomposition of the underlying
waste. Final cover layers are designed to provide more complete isolation of the waste material
and minimize infiltration and erosion. Amended dredged material has been used to close
“orphaned” landfills in the NJ Meadowlands that were previously closed under older, less
protective regulations. In addition, states may consider using amended dredged material to deal
with previously closed landfills. At Pennsylvania Avenue and Fountain Avenue landfills in New
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York City, amended dredged material was used below the imperious liner for closure and above
the liner as a growing medium to restore habitat.

Four of the landfills in the study area can accept dredged material for use as daily cover or as
final cap material. The sites can accept fine-grained dredged material, although cap material is
generally required to be higher in organics to support vegetative growth. While tipping fees vary
between landfills, they tend to be relatively high for dredged material. The costs associated with
dewatering and transport of dredged material to the landfills usually results in this alternative
being significantly higher in cost than other placement options.

Habitat Restoration/Enhancement or Creation

HARS-approved material, primarily sand removed from Ambrose Channel and other areas, has
been used to restore and reconstruct marsh islands in Jamaica Bay, located in southern Kings and
Queens Counties, along the Atlantic Coast. Despite intense development along its shoreline,
Jamaica provides habitat for a variety of fish and wildlife species and is an important stop-over
for migratory birds. Analyses have indicated that nearly 1,400 acres of tidal salt marsh have
been lost since the early 20t century and most recently is has been estimated that salt marsh was
being lost at approximately 47 acres per year. Under Section 207 of the Corps Continuing
Authority Program, the Corps, in partnership with the Port Authority of New York and New
Jersey, New York City Department of Environmental Protection and the New York State
Department of Environmental Conservation, restored salt marsh habitat through the placement of
sand from Ambrose Channel and other areas as part of the Corps’ harbor deepening project being
conducted in partnership with the Port Authority of New York and New Jersey.

In 2006 and 2009, approximately 80 acres of marshland were restored at Elders Point East Marsh
Island and Elders Point West Marsh Island. Sand was placed in existing vegetated areas and
exposed mudflats to raise the islands to an elevation suitable for low marsh growth. The areas
were then vegetated. Subsequently, a total of 625,000 CY of sand was placed at Yellow Bar,
Rulers Bar, and Black Wall and included plantings to create a variety of salt marsh habitat. The
marsh islands are being monitored and, although they suffered some damage during Hurricane
Sandy, the islands are being maintained.

Two habitat restoration sites in the study (Jamaica Bay Marsh Islands and Plumb Beach) have
capacity for dredged material. The Jamaica Bay Islands have capacity for over 600,000 CY of
clean sand, and Plumb Beach is in need of beach-compatible sand both to stem severe erosion
along the beach and roadway and to enhance the beach and dune habitat. For Plumb Beach, a
USACE project design volume was not available. Therefore, a volume estimate was made based
on the beach nourishment calculations (USACE, 2010).

3.9 INNOVATIVE TREATMENT TECHNOLOGIES

Significant progress has been made in demonstrating the viability of sediment treatment
technologies with beneficial use applications over the last several years. However, treatment
technologies are not stand-alone alternatives to ocean placement but are considered a component
of an overall regional dredged material management program. A certain percentage of
navigation dredging material is anticipated to be unsuitable for ocean placement; this material
would require either upland placement as is or treatment to reduce contaminant concentrations
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and allow for authorization of upland placement or beneficial use. These treatment technologies
support USACE policies for using sediment as a resource that can reduce the need to extract
virgin materials and provide local economic benefits.

Sediment decontamination treatment demonstrations (1994-2010) have been conducted by EPA
Region 2 and funded by the Water Resources Development Act (WRDA) and the New Jersey
Department of Transportation (NJDOT) Office of Maritime Resources. These demonstrations
have shown that ex-situ sediment treatment with beneficial use can be realized on a commercial
scale. The cost of treatment is more expensive than open-water placement based on the cost of
infrastructure development, energy requirements, materials handling, and other factors, but such
treatment can be cost-competitive for contaminated materials unsuitable for other placement
options. More information on the demonstration studies can be found at Brookhaven National
Laboratory (BNL) (1999) and at NJDOT (2015).

The cost and low throughput processing rates of treatment technologies generally make such
options impractical as a single alternative for all material from a large or long-term dredging
project. While a treatment processing methodology that handles only a few hundred cubic yards
a day cannot work in tandem with dredging equipment that generates several thousand cubic
yards a day, these technologies can cost-effectively handle material whose contaminant
concentrations preclude offshore placement. The heterogeneous nature of sediments and
contaminant loads typically require a range of treatment and placement options for a large
project.

Innovative sediment decontamination technologies with the potential to produce value-added,
marketable products have been in development since the early 1990s. Through EPA programs,
three agencies have developed thermal, chemical, or biological processes that reduce
contaminant concentrations, contaminant mobility, and/or toxicity of contaminated dredged
material, as authorized by Section 405 of the WRDA of 1992 and Section 226 of WRDA 1996:
the USACE, the NJDOT Office of Maritime Resources, and the U.S. Department of Energy
(DOE), BNL. These technologies potentially can convert dredged sediments into valuable
products, replacing raw resources and the impacts of their extraction, manufacturing, and
transport.

Innovative sediment treatment technology applications with beneficial use were also
demonstrated under the Long Island Sound Innovative Technology Demonstration Project. This
effort was funded and conducted under the auspices of the USACE NAE and Bridgeport Port
Authority working in unison with the CTDEEP, CTDOT, and EPA Region 2. The impetus for
this demonstration was focused on contaminated dredged material from inner Bridgeport Harbor
that would be unsuitable for ocean placement. The application of a high-temperature thermo-
chemical process that generated construction grade cement as a post-treated beneficial use and a
sediment washing liquid-solid separation process with oxidant addition to create a manufactured
soil product was considered. Sediment treatment work conducted by the New York/New Jersey
Harbor Sediment Decontamination Program was used as an analog because of the similarity in
chemical concentrations and physical characteristics. The development of a regional processing
facility in Bridgeport, Connecticut, that could process up to 500,000 CY of contaminated
sediments over the course of 2 to 10 years based on throughput and processing technology was
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the environmental management focus. This alternative was dropped in the USACE Dredged
Material 404 Evaluation for Bridgeport Harbor in favor of other alternatives such as CADs,
CDFs, and landfills (USACE, 2012c). Long-term throughput of contaminated dredged materials
(greater than 15 years) that encompasses an environmental business model for regional
processing and beneficial use could be re-evaluated to be more cost competitive.

3.9.1 Aggregates/Cement Replacement

One technology for the manufacture of Portland cement replacement, Cement-Lock (Volcano
Partners LLC, 2014), is ready for commercial deployment. The process uses a natural-gas-fired,
high-temperature rotary kiln and propriety additives to dissociate (separate) organic
contaminants and immobilize metals. The end product, when water-quenched and pulverized, is
a high-quality pozzolanic material that can replace up to 40% of Portland in cement admixtures.
Process heat is recycled to cogeneration to power the facility, with excess for export to the
electrical power grid. The creation of the beneficial use product, Ecomelt, from Lower Passaic
River, New Jersey, Superfund sediments was proven in a 2008 demonstration in Bayonne, New
Jersey. Cement-Lock technology was specified by EPA in the preferred remedies for the Lower
Passaic study area, New Jersey (EPA and USACE, 2014) and the Gowanus Canal, New York,
Superfund sites (EPA, 2013).

The production of a light-weight aggregate (LWA) using cement-kiln technology was
demonstrated on a pilot-scale level by Upcycle Associates. The contaminated sediments became
a partial replacement for shale that is mined. A good-quality bloated LWA was produced.

3.9.2 Sediment Washing

Sediment washing is a process that uses liquid-solid separation techniques to extract, destroy,
and partition sediment fractions which have contaminants attached to the sediment. Full-scale
facilities have been constructed at several sites globally (BioGenesis, 2009), including the Lower
Passaic River, New Jersey. The sediment-washing process uses high-pressure water jets and a
proprietary mix of surfactants and chelating agents to strip organic and metal contaminants from
dredged material. The end product is a clean manufactured soil material usable for fill, cover, or
topsoil applications. A manufactured soil demonstration was conducted on the campus of
Montclair State University in 2010. Sediments were decontaminated and a manufactured soil
was blended using the clean fraction of the process with sand, lime, clay, and compost.
Landscape plantings placed in the soil are thriving in 2014.

3.9.3 Vitrification

Vitrification is a high-temperature technology that uses excessive heat to dissociate/destroy
contaminants and to further reduce the mobility of residual inorganic contaminants by
incorporating them into a solidified glass matrix after rapid cooling to generate an end product
that could be applied for beneficial use. Contaminated material is placed in a refractory-lined
vessel melter that is configured with a hood to collect off-gases. The heat can be generated by a
variety of means; for example, positioning graphite electrodes vertically in the melter, firing a
rotary kiln with natural gas, or using a plasma torch. Typical operating temperatures range from
2,550°F to 3.630°F, temperatures sufficient to melt the waste matrix and destroy or volatilize
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organic contaminants. The off-gas treatment includes a baghouse particulate filter, high-
efficiency particulate air (HEPA) prefiltration, a NOx (oxides of nitrogen) scrubber, a hydrosonic
scrubber, a mist eliminator, a heater, and HEPA filters. Typically for hazardous material, the
solidified glass melt is placed in an appropriate landfill (EPA, 2010). For contaminated
sediments, applications such as roofing granules, architectural tiles, and road bed aggregate have
been considered.

3.9.4 Other Ex Situ Technologies

Numerous technologies have been developed for ex situ remediation of upland contaminated
soil. These technologies have been applied to sediments at pilot- or full-commercial scale. None
are suitable for all organic or inorganic contaminants; however, several technologies could be co-
located at a regional facility to address a wide range of contaminants. The end products
generally are soil material or geotechnical fill that may be suitable for beneficial use or may
require landfilling.

Chemical Treatment
Chemical Oxidation/Reduction

This technology uses chemical additives such as hydrogen peroxide, potassium permanganate,
chlorine, ozone, persulfate, or Fenton’s reagents to reduce toxicity or immobilize target organic
contaminants. In this process, electrons are transferred to the contaminant from the oxidizing
agent. Catalysts such as ultraviolet radiation or transitional metals may enhance the reactions.
Efficiencies for certain organic compounds, such as PAHs, may be 90 to 95%. However,
incomplete oxidization may lead to the formation of more-toxic intermediate compounds.
Organic content and the presence of non-target compounds may affect efficiency or require
additional additives or treatment.

Other considerations are residuals and process wastes. Residuals such as excess chemical

agents, reaction by-products, and gas emissions during and after treatment may require additional
treatment and long-term monitoring, or may limit the end product’s suitability for beneficial end-
use. Dewatering is required before and after treatment; wastewater can be recycled into the
extraction process. In commercial operations, chemical oxidation can be used as pretreatment
for other processes. One such operation uses potassium permanganate to treat organics, followed
by stabilization of metals with Portland cement (Harbor Resource Environmental Group, 2005).
This process was demonstrated in a pilot/full-scale application in 2005 under the NJDOT Office
of Maritime Resources Sediment Treatment Program. In 2015, under a teaming agreement with
Clean Harbors, Inc., the process is being further demonstrated on a commercial scale within the
Gulf region.

Chelation

Chelation is used for immobilizing metals to reduce leachability. A chelating agent such as
ethylenediamine-tetraacetic acid (EDTA) added to sediment forms stable bonds or complexes
between the target metal and the agent. Wastewater from post-treatment dewatering requires
treatment (Office of Coastal Zone Management, et al., 2012).
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Chemical Dehalogenation

Dehalogenation refers to treatment that dissociates chlorine or other halogens and replaces the
halogen with bicarbonate or glycol. The strategy is suitable for contaminants such as pesticides,
PCBs, and dioxins/furans. A base-catalyzed decomposition process (BCDP) was developed by
the EPA Cincinnati Risk Reduction Research Laboratory. In BCDP, screened material is mixed
with an alkali or alkaline earth metal carbonate, bicarbonate, or hydroxide in a pugmill or in a
heated solvent. The mixture is heated to approximately 660°F to dewater and allow the organic
contaminants to be partially decomposed and removed in another waste stream. The volatilized,
partially decomposed contaminants are captured in a liquid phase reactor, condensed, and treated
by reaction with sodium hydroxide and a hydrogen donor oil in the presence of a catalyst (a
carbon source). The hydrogen donor can include fatty acids, aliphatic alcohols or hydrocarbons,
amines, or other similar compounds. Pretreatment by thermal desorption may be required if
concentrations of contaminants are in the parts-per-million range rather than the percent range
(EPA, 2010). Bench-scale tests on Newtown Creek sediments collected from the New
York/New Jersey Harbor achieved destruction efficiencies for dioxins, furans, and PCBs of
greater than 99%, and concentrations in the treated sediment were at or below detection limits
(Timberlake, 1995). Full-scale applications of this technology exist in Europe, Australia, and
Mexico, but none in the United States (Vijgen, 2014).

In glycolate dehalogenation, an alkaline polyethylene glycol (APEG) reagent is used to
dehalogenate halogenated organic compounds in a batch reactor. The halogen is removed from
the halogenated organic compound and replaced with polyethylene glycol (PEG) to break the
carbon-chlorine bond. Screened sediment is mixed with APEG reagent in the heated reactor
treatment vessel to form a homogeneous slurry. Other reagents that may be included in the
slurry are sodium hydroxide, dimethyl sulfoxide (DMSO), and sulfolane (SFLN) to increase the
efficiency of the process. The slurry is then heated to between 77°F and 302°F and mixed and
washed repeatedly to separate the APEG reagent from the treated soil. The APEG reagent is
recycled and the soil dewatered. Processing typically would be performed on-site in a mobile
unit. The throughput of a mobile unit is expected to range from 30 to 200 CY per day
(NAVFAC, 2014b).

Both processes are stand-alone treatment processes, but they also may be used as pretreatment
with other technologies. However, there are a number of limitations. Neither is suitable for
large volumes of material. Volatile gas emissions must be collected and treated. Wastewater
also must be treated, usually by advanced processes such as chemical oxidation, biodegradation,
carbon adsorption, or precipitation. While BCDP can be used to treat halogenated VOCs, the
glycolate process is not effective for those compounds (Van Deuren, et al., 2002).

Biological Remediation
Bioremediation

Bioremediation uses bacteria or fungi (mycoremediation) stimulated by soil amendments to
remove or reduce the toxicity of environmental contaminants. The objective is to enhance
naturally occurring populations of organisms. Biological remediation may occur on its own or
may only effectively occur through amendments (such as fertilizers) that help encourage the
growth of the pollution-eating microbes within the medium. Organic contaminants, including
halogenated organic compounds, may be treated by bioremediation. Removal efficiencies vary
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considerably, from less than 20% to 99% based on the soil texture, soil chemistry, contaminants,
climate, bioremediating organisms, additives used, and other factors.

Phytoremediation

Phytoremediation is a type of bioremediation in which plant processes transform or uptake
contaminants into their above- or below-ground parts. These processes include the following
(Estes & McGrath, 2014):

e Phytoaccumulation (uptake to above-ground biomass)

¢ Rhizostabilization (sorption to plant roots — typically metals)

e Rhizodegradation (interaction of roots, root exudates, soil, and microbes to achieve
contaminant degradation)

e Phytodegradation (within-plant degradation of contaminants)

e Phytovolatilization (transfer of contaminants to atmosphere through
evapotranspiration)

e Phytostabilization (exploitation of high water usage of select plants to contain
groundwater flow)

Bioremediation is the operative process in land farming, land tilling, and composting. Slurry
bioreactors (discussed below) are a mechanized form of bioremediation. While bioremediation
is typically a low-cost alternative, there a number of limitations. Large areas may be required,
volatile emissions may require enclosures and treatment of volatized contaminants, and, for some
contaminants, natural biodegradation proceeds very slowly.

Heavy metals such as cadmium and lead are not readily absorbed or captured by
microorganisms. Phytoremediation may be employed only in areas with lower levels of
contamination due to plant toxicity effects (NAVFAC, 2014c). Additionally, there is a risk of
increasing the bioavailability of metals such mercury. This is particularly a concern for
phytoremediation. Certain plants (such as sunflowers, dandelions, and hops) that tend to
hyperaccumulate inorganics and are used to remove metals from the environment can slowly
poison wildlife that consume them. Therefore, at sites known to be high in inorganics and where
wildlife use is likely, plants should be tested for high metals concentrations to control any
hazards to wildlife (NAVFAC, 2014c). To remove metals from a site, plant material used for
phytoremediation may be harvested and incinerated, with residuals placed in a landfill.
Bioremediation and phytoremediation techniques have been used to treat materials placed in
CDFs (Myers & Bowman, 1999). However, full-scale application is not widespread, and some
applications of phytoremediation are still in demonstration stages.

Slurry Bioreactor

A slurry bioreactor is a controlled biological treatment vessel where the contaminated sediments
are treated in a slurry form at a low solids content. The sediment is mixed with water to a
predetermined concentration dependent upon the concentration of the contaminants, the rate of
biodegradation, and the physical nature of the sediments. Slurry bioreactors can effectively treat
a variety of organic contaminants, including chlorinated and non-chlorinated volatile organics,
PAHSs, PCBs, and pesticides (Robles-Gonzélez, et al., 2008). Aerobic or anaerobic conditions
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can be maintained in the reactor as required for single or sequential treatment. This technique
may be combined with other technologies in a treatment train.

Thermal Technologies

There are several fully commercial or demonstrated thermal-chemical technologies that can treat
sediment. In general, these use temperature and additives to dissociate or destroy organic
contaminants. Thermal desorption is not effective or intended for the treatment of inorganic
wastes such as metals, although those with relatively low boiling points, such as mercury or lead,
may be vaporized at higher operating temperatures.

Thermal Desorption

Thermal desorption is a physical separation process which heats wastes to volatilize water and
organic contaminants. In general, organic contaminants are removed from the sediment and
collected in waste streams, rather than dissociated or destroyed. Materials contaminated with
heavy tars or high-viscosity fluids may inhibit heat transfer of media (soils and sediments) by
fouling or plugging the desorption unit and therefore may not be candidates for thermal
desorption (Feeney, et al., 1998).

Three types of conventional mobile or fixed thermal desorption units are available: direct fire,
indirect fire, and indirect heat. In the direct fire type, fire is applied directly upon the surface of
contaminated media to desorb contaminants from the soil. In the indirect fire type, a direct-fired
rotary dryer heats an air stream which, by direct contact, desorbs water and organic contaminants
from the soil. In the indirect heat type, an externally fired rotary dryer volatilizes the water and
organics from the contaminated media into an inert carrier gas stream.

A vacuum system or a carrier gas transports the volatilized organic contaminants released from
heated wastes to an off-gas treatment system. There, any particulates present are removed by
conventional particulate removal equipment (such as wet scrubbers or fabric filters), and
contaminants are removed either through condensation followed by carbon adsorption or through
destruction in a secondary combustion chamber or a catalytic oxidizer.

Conventional thermal desorption processes can be categorized into two groups: high temperature
thermal desorption (HTTD) and low temperature thermal desorption (LTTD). Prior to treatment,
the dredged material must be processed to remove debris and dewatered. Dewatering may be
mechanical or through amendments. For example, processing for the Gowanus Canal, New
York, Superfund clean-up proposed the addition of Portland cement (at 7.5%) for dewatering and
the stabilization of inorganic contaminants (EPA, 2013). The grain size of sediment, as well as
characteristics such as moisture content, British thermal unit (Btu) value, cohesiveness, and
plasticity, significantly affect treatment efficiency and throughput. Typical residuals from
thermal desorption systems are the treated off-gas, spent carbon, condensed water, wastewater
(treated or untreated), treated materials, noncontact combustion gases, particulates, filters, and
catalysts.
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High Temperature Thermal Desorption

In HTTD, wastes are heated to 600 to 1,000°F. HTTD is frequently used in combination with
incineration, solidification/stabilization, or dechlorination, depending upon site-specific
conditions (Feeney, et al., 1998).

Low Temperature Thermal Desorption

In LTTD, wastes are heated to between 200 and 600°F. LTTD is a full-scale technology that has
been proven successful for benzene, toluene, ethylbenzene, and xylenes (BTEX) or TPH-
contaminated soils (Feeney, et al., 1998). Contaminant destruction efficiencies in the
afterburners of these units are greater than 95%. The same equipment could probably meet
stricter requirements with minor modifications, if necessary. Decontaminated soil retains its
physical properties. Unless the soil is being heated to the higher end of the LTTD temperature
range, organic components in the soil are not damaged, which enables treated soil to retain the
ability to support future biological activity.

Incineration

Incineration is performed by supplying heat from fuel combustion to cause thermal
decomposition of a waste feed of typically organic contaminants through cracking and oxidation
reactions at high temperatures. Most organic compounds are destroyed at temperatures between
1,100°F and 1,200°F; waste incinerators are therefore operated between 1,400°F and 3,000°F. In
addition to the temperature applied, the residence time of the waste in the incinerator and the
mixing of the waste are important to ensure complete destruction of the waste and efficient
operation. The organic compounds primarily are converted into carbon dioxide and water vapor.
Other products of incineration can include nitrite oxides, nitrates, and ammonia (for nitrogen-
containing wastes); sulfur oxides and sulfate (for sulfur-containing wastes); and halogen acids
(for halogenated wastes) (NAVFAC, 20144d).

Contaminated soils typically are treated in a rotary kiln or a fluidized bed incinerator. The first
unit is the primary combustion chamber (i.e., primary burner) or kiln, which receives the
contaminated media. In this unit, the organic contaminants are volatilized and destroyed. The
residual material (such as sediment in the kiln) is gravity-dropped and cooled for placement or
treated if necessary (e.g., solidification/stabilization to reduce metal leachability) prior to
disposal. The off-gas from the kiln is collected in a second unit, the secondary combustion
chamber (SCC) (afterburner), where uncombusted organics and other by-products are further
destroyed. Off-gas is collected from the afterburner, cooled, and treated to prevent air pollution.
The treatment varies depending on the type of contaminants and material initially treated.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-41

3.10 REFERENCES

Arimoto, R. & Feng, S. Y., 1983. Changes in the levels of PCBs in Mytilus edulis associated
with dredged-material disposal. In: D. R. Kester, B. H. Ketchum, I. W. Duedall & P. K. Park,
eds. Wastes in the Ocean (Vol 2). New York, New York: John Wiley & Sons, pp. 199-212.

BioGenesis, 2009. Demonstration Testing and Full-Scale Operation of the BioGenesisSM
Sediment Decontamination Process — Final Report, Springfield, Virginia, December 17, 2009:
BioGenesis Washing BGW, LLC and MHW Americas, Inc.

BNL, 1999. New Sediment Decontamination Technology Shows Promise. [Online]
Available at: http://www.bnl.gov/bnlweb/pubaf/pr/1999/epabnlpr022299.html
[Accessed 6 May 2015].

Bokuniewicz, H. J. & Gordon, R. B., 1980. Sediment transport and deposition in Long Island
Sound. Adv Geophys, Volume 22, p. 69-106.

Brandes, H. G. & Silva, A. J., 1997. Comparison of bathymetry and consolidation settlement of
dredge mound in Long Island Sound. Honolulu, Hawaii, May 25-30, 1997, Proceedings of the
Seventh (1997) International Offshore and Polar Engineering Conference, Vol I, pp. 647-653.

Brandsma, M. G. & Divoky, D. J., 1976. Development of models for prediction of short-term fate
of dredged material discharge in the estuarine environment, Vicksburg, Mississippi: Contract
Report No. CR-D-76-5. U.S. Army Corps of Engineers, Waterways Experiment Station.

Carey, D. A. et al., 2006. Long term stability of capped dredged material disposal mounds:
Stamford New Haven North and Cap Site 2 in Long Island Sound. San Diego, California, June
26-28, 2006, Proceedings of the Western Dredging Association Twenty-Sixth Technical
Conference and Thirty-Eighth Texas A&M Dredging Seminar, pp. 389-409.

Csanady, G., 1973. Turbulent Diffusion in the Environment. New York, New York. 248 pp:
Reidel.

Dragos, P. & Lewis, D., 1993. Plume Tracking/Model Verification Project, s.l.: Prepared by
Battelle Ocean Sciences for the U.S. Environmental Protection Agency, Region 2. EPA Contract
No. 68-C8-0105. 62 pp. + appendix.

Dragos, P. & Peven, C., 1994. Plume Tracking of Dredged Material Containing Dioxin, New
York, New York.: Draft Final Report prepared by Battelle Ocean Sciences, Duxbury,
Massachusetts, for U.S. Environmental Protection Agency, Region 2. EPA Contract No. 68-C2--
0134. 49 pp. plus appendix.

Ecker, R. M. & Downing, J., 1987. Review of State-of-the-Art Modeling of Ocean-Dumped
Wastes, Duxbury, Massachusetts: Prepared by Battelle Ocean Sciences for U.S. Environmental
Protection Agency. EPA Contract No. 68-03-3319. Work Assignment No. 9. 90 pp.

ENSR, 2007. Baseline Bathymetric Surveys at the Central and Western Long Island Sound
Disposal Sites, July 2005, Concord, Massachusetts: DAMOS Contribution No. 177, 85 pp.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-42

ENSR, 2008. Providence River and Harbor Maintenance Dredging Project Synthesis Report,
Concord, Massachusetts: DAMOS Contribution No. 178, 133 pp.

EPA and USACE, 2004. Evaluating Environmental Effects of Dredged Material Management
Alternatives - A Technical Framework, s.l.: Report No. EPA842-B-92-008, U.S. Environmental
Protection Agency and U.S. Army Corps of Engineers, Washington, D.C.

EPA and USACE, 2014. Lower Passaic River Study Area: Focused Feasibility Study Report for
the Lower Eight Miles of the Lower Passaic River, s.1.: 348 pp.

EPA, 1994. ARCS Remediation Guidance Document, Chicago, Illinois: Great Lakes National
Program Office, EPA 905-B94-003.

EPA, 1995. How to Evaluate Alternative Cleanup Technologies for Underground Storage Tank
Sites: A Guide for Corrective Action Plan Reviewers. [Online]

Available at: http://www.epa.gov/oust/pubs/tum_ch5.pdf

[Accessed 28 April 2015].

EPA, 2003. Aerobic Biodegradation of Oily Wastes: A Field Guidance Book for Federal On-
scene Coordinators Version 1.0. s.I.:EPA Region 6 South Central Response and Prevention
Branch, October 2003. 50 pp.

EPA, 2004a. Final Environmental Impact Statement for the Designation of Dredged Material
Disposal Sites in Central and Western Long Island Sound, Connecticut and New York, s.l.: U.S.
Environmental Protection Agency. April 2004. Report + appendices.

EPA, 2004b. How to Evaluate Alternative Cleanup Technologies For Underground Storage
Tank Sites: A Guide For Corrective Action Plan Reviewers, s.l.: EPA 510-B-94-003; EPA 510-
B-95-007; and EPA 510-R-04-002.

EPA, 2010. Reference Guide to Non-combustion Technologies for Remediation of Persistent
Organic Pollutants in Soil, Second Edition — 2010, s.1.: Office of Solid Waste and Emergency
Response, EPA 542-R-09-007.

EPA, 2013. Record of Decision, Gowanus Canal Superfund Site, Brooklyn, Kings County, New
York. s.I.:.EPA Region Il, New York, New York. September 2013. 105 pp.

Estes, T. J. & McGrath, C. J., 2014. Economical Treatment of Dredged Material to Facilitate
Beneficial Use, Vicksburg, Mississippi: U.S. Army Engineer Research and Development Center,
ERDC/EL TR-14-11.

Feeney, R. J., Nicotri, P. J. & Janke, D. S., 1998. Overview of Thermal Desorption Technology,
Port Hueneme, California: Naval Facilities Engineering Service Center, Contract Report 98.008-
ENV.

Fredette, T. & French, G., 2004. Understanding the physical and environmental consequences of
dredged material disposal: history in New England and current perspectives. Marine Pollution
Bulletin, 49(1-2), pp. 93-102.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-43

Fredette, T. J. et al., 1992. Chemical stability of capped dredged material disposal mounds in
Long Island Sound, USA. Chem Ecol, p. 7: 173-194.

Fredette, T. J. et al., 1993. Twenty-five years of dredged material disposal site monitoring in
Long Island Sound: a long-term perspective. New Haven, Connecticut, s.n., pp. 153-161.

Gordon, R., 1974. Dispersion of dredge spoil dumped in nearshore waters. Estuar Coast Mar Sci,
Volume 2:349-358.

Harbor Resource Environmental Group, 2005. Sediment Decontamination Demonstration
Project Final Report, s.l.: Submitted to the State of New Jersey Department of Transportation
Office of Maritime Resources, Elizabethport, New Jersey.

Knebel, H. J. & Poppe, L. J., 2000. Sea-floor environments within Long Island Sound: A
regional overview. J Coastal Res, p. 16(3): 533-550.

Kraus, N., 1991. Mobile, Alabama, Field Data Collection Project, 18 August-2 September 1989.
Report 1: Dredged Material Plume Survey Data Report, Washington, DC: U.S. Army Corps of
Engineers, Dredging Research Program. USACE Technical Report No. DRP-91-3.

Lee, C., 2000. Using Biosolids to Reclaim Dredged Material Recycled Soil Manufacturing
Technology, Vicksburg, Mississippi: U.S. Army Corps of Engineers, Engineer Research and
Development Center (ERDC), 5 pp.

Lopez, G. et al., 2014. Biology and Ecology of Long Island Sound: Disturbed Habitats. In: J. S.
Latimer, et al. eds. Long Island Sound: Prospects for the Urban Sea. New York, New York:
Springer Series on Environmental Management.

Maher, A., Douglas, W. S., Jafari, F. & Pecchioli, J., 2013. The Processing and Beneficial Use of
Fine-Grained Dredged Material: A Manual for Engineers. Piscataway, New Jersey: Rutgers
University, Center for Advanced Infrastructure and Transportation. 132 pp.

Murray, P. M. & Saffert, H. L., 1999. Monitoring Cruises at the Western Long Island Sound
Disposal Site, September 1997 and March 1998, Concord, Massachusetts: DAMOS Contribution
No. 12, 80 pp.

Myers, T. E. & Bowman, D. W., 1999. Bioremediation of PAH-contaminated dredged material
at the Jones Island CDF: Materials, equipment, and initial operations, Vicksburg,Mississippi:
U.S. Army Engineer Research and Development Center (ERDC), DOER Technical Notes
Collection. TN DOER-C5.

NAVFAC, 2014a. Asphalt Mixing (Use as Aggregate). [Online]

Available at:

https://www.navfac.navy.mil/navfac_worldwide/specialty centers/exwc/products and_services/
ev/erb/tech/rem/asphaltmix.html

[Accessed 1 August 2014].




Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-44

NAVFAC, 2014b. Chemical Dehalogenation — Glycolate. Engineering and Expeditionary
Warfare Center. [Online]

Available at:

https://www.navfac.navy.mil/navfac_worldwide/specialty centers/exwc/products and_services/
ev/erb/tech/rem/chemdehalo-glycolate.html

[Accessed 11 August 2014].

NAVFAC, 2014c. Phytoremediation. Engineering and Expeditionary Warfare Center. [Online]
Available at:

https://www.navfac.navy.mil/navfac_worldwide/specialty centers/exwc/products and_services/
ev/erb/tech/rem/phyto.html

[Accessed 14 August 2014].

NAVFAC, 2014d. Incineration. [Online]

Available at:

https://www.navfac.navy.mil/navfac_worldwide/specialty centers/exwc/products and_services/
ev/erb/tech/rem/incineration.html

[Accessed 8 September 2014].

NJDOT, 2015. Maritime Resources: Overview. [Online]
Available at: http://www.state.nj.us/transportation/airwater/maritime/
[Accessed 27 April 2015].

NYSDEC, 2010. CP-51/ Soil Cleanup Guidance. [Online]
Available at: http://www.dec.ny.gov/docs/remediation hudson pdf/cpsoil.pdf
[Accessed 30 September 2014].

Office of Coastal Zone Management, City of New Bedford, Massachusetts & Town of
Fairhaven, Massachusetts, 2012. Dredged Material Management Plan (DMMP), Draft
Environmental Impact Report (DEIR) for New Bedford and Fairhaven, Massachusetts, s.1.:
Maguire Group Inc. EOEA No. 11669, 452 pp.

Poindexter-Rollings, M. E., 1990. Methodology for analysis of subaqueous sediment mounds,
s.l.: Technical Report D-90-2. U.S. Army Corps of Engineers, Waterways Experiment Station,
Vicksburg, Mississippi.

Poppe, L. J. et al., 2000. Distribution of surficial sediments in Long Island Sound and adjacent
waters: Texture and total organic carbon. J Coastal Res, pp. 16(3): 567-574.

Reis, E., Lodolo, A. & Miertus, S., 2007. Survey of Sediment Remediation Technologies, Trieste,
Italy: ICS Unido International Centre for Science and High Technology. 124 pp.

Robles-Gonzélez, I. V., Fava, F. & Poggi-Varaldo, H. M., 2008. A review on slurry bioreactors
for bioremediation of soils and sediments. Microbial Cell Factories 2008, VVolume 7:5.

Ruggaber, G. J. & Adams, E. E., 2000. Dynamics of particle clouds related to open-water
sediment disposal. Conference on Dredged Material Management: Options and Environmental



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-45

Considerations. MIT Sea Grant College Program, Cambridge, Massachusetts, December 3-6,
2000, 6 p, s.n.

SAIC, 1988. A summary of DAMOS physical monitoring of dredged material disposal activities,
Waltham, Massachusetts: U.S. Army Corps of Engineers, New England Division, Report No.
SAIC-8817527&CT71.

SAIC, 2002. Central Long Island Sound Disposal Site Synthesis Report, 1999-2000, Concord,
Massachusetts: DAMOS Contribution No. 139, 99 pp.

SAIC, 2003a. Dredged Material Fate Study at the Portland Disposal Site, 1998-2000, Concord,
Massachusetts: DAMOS Contribution No. 153, 144 pp.

SAIC, 2003b. The Massachusetts Bay Disposal Site Capping Demonstration Project 1998-2000,
Concord, Massachusetts: DAMOS Contribution No. 147, 159 pp.

SAIC, 2004. Monitoring surveys of the Rhode Island Sound Disposal Site, summer 2003,
Concord, Massachusetts: DAMOS Contribution No. 155, 81 pp.

SAIC, 2005a. Disposal Plume Tracking and Assessment at the Rhode Island Sound Disposal
Site, Summer 2004, Concord, Massaachusetts: DAMOS Contribution No. 167, 194 pp.

SAIC, 2005b. Disposal Plume Tracking and Assessment at the Rhode Island Sound Disposal
Site, Spring 2004, Concord, Massachusetts: DAMOS Contribution No. 166, 184 pp.

Scorer, R., 1957. Experiments on convection of isolated masses of buoyant fluid. J. of Fluid
Mechanics, Volume 2, p. 583.

Sturgis, T. C. et al., 2001. Evaluation of Manufactured Soil Using Dredged Material from New
York/New Jersey Harbor Newton (sic) Creek Site; Phase 1: Greenhouse Bench-scale Test,
Vicksburg, Mississippi: U.S. Army Engineer Research and Development Center (ERDC),
ERDC/EL TR-01-35.

Tavolaro, J., 1984. A sediment budget study of clamshell dredging and ocean disposal activities
in the New York Bight. Environmental Geology, Volume 6:133-140.

Timberlake, D., 1995. Evaluation of Base-Catalyzed Decomposition (BCD) Process For New
York/New Jersey Harbor Sediment Decontamination. [Online]

Available at: http://infohouse.p2ric.org/ref/37/36894.pdf

[Accessed 29 April 2015].

Torresan, M. E. & Gardner, J. V., 2000. Acoustic mapping of the regional seafloor geology in
and around Hawaiian ocean dredged-material disposal sites, s.l.: U.S. Geological Survey Open-
file Report 00-124.

Tramontano, J. M. & Bohlen, W. F., 1982. The nutrient and trace metal geochemistry of a dredge
plume. J. Estuar. Coast. Shelf Sci., Volume 18, p. 385-401.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-46

Tsai, J. J. & Proni, J. R., 1985. Acoustic Study of Dredged-Material Dumping in the New York
Bight. In: B. H. Ketchum, et al. eds. Wastes in the Ocean (Vol 6). s.l.:John Wiley & Sons, pp.
357-381.

USACE, 1985a. Long Island Sound Studies Dredged Material Containment Facilities Feasibility
Report, Waltham, Massachusetts: USACE New England Division. September 1985.

USACE, 1985b. Long Island Sound Studies Dredged Material Containment Supplemental Data
— Volumes 1-5, Waltham, Massachusetts. June 1985: USACE New England Division.

USACE, 1986. Fate of Dredged Material During Open Water Disposal: Environmental Effects
of Dredging Technical Notes, s.l.: U.S. Army Corps of Engineers, Waterways Experiment
Station. EEPD-01-2, September 1986, 12 pp.

USACE, 1999. DRAFT Implementation Strategy of the Dredged Material Management Plan for
the Port of New York and New Jersey, s.l.: Technical Appendix. September 1999. USACE New
York District.

USACE, 2001. Providence River and Harbor Maintenance Dredging Project: Final
Environmental Impact Statement, Concord, Massachusetts: U.S. Army Corps of Engineers, New
England District, August.

USACE, 2003. Evaluation of Dredged Material Proposed for Disposal at Island, Nearshore, or
Upland Confined Disposal Facilities - Testing Manual, Vicksburg, Mississippi: U.S. Army
Engineer Research and Development Center. Technical Report ERDC/EL TR-03-1.

USACE, 2009. Long Island Sound Dredged Material Management Plan — Upland, Beneficial
Use, and Sediment De-watering Site Inventory (Phase 1), Final Report, s.l.: Contract No.
DACW33-03-D-0004, Delivery Order No. 43. Prepared for USACE-NAE by Battelle, October
2009.

USACE, 2010. Upland, Beneficial Use, and Sediment Dewatering Site Investigations Phase 2.
Long Island Sound Regional Dredged Material Management Plan (DMMP), s.1.: Prepared by
Woods Hole Group, East Falmouth, Massachusetts, for the U.S. Army Corps of Engineers, New
England District. November 2010. 640 pp. + appendices.

USACE, 2011. Long Island Sound Dredged Material Management Plan — Follow On
Characterization of Small Site Management Alternatives for Potential Non-Federal Project
Consideration (Phase 1A), s.l.: Contract No. DACW33-03-D-0004, Delivery Order No. 43.
Prepared for USACE-NAE by Battelle.

USACE, 2012a. Long Island Sound Dredged Material Management Plan: Investigation of
Potential Containment Sites for Placement of Dredged Materials, s.1.: s.n.

USACE, 2012b. Long Island Sound Dredged Material Management Plan: Investigation of
Potential Nearshore Berm Sites for Placement of Dredged Materials, Final Report, s.I.: Prepared
by Woods Hole Group, East Falmouth, Massachusetts, for the U.S. Army Corps of Engineers,
New England District, November 2012. 56 pp. + appendices.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 3-47

USACE, 2012c. Draft Final Dredged Material Management Plan and Environmental
Assessment, FONSI and Section 404(B)(1) Evaluation for Maintenance Dredging and Dredged
Material Disposal Facility Construction, Bridgeport Harbor, Bridgeport, Connecticut, s.l.: s.n.

Van Deuren, J. et al., 2002. Remediation Technologies Screening Matrix and Reference Guide,
4th Edition. [Online]

Available at: http://www.frtr.gov/matrix2/section4/4-17.html

[Accessed 2 September 2014].

Vijgen, J., 2014. NATO/CCMS Pilot Study: Evaluation of Demonstrated and Emerging
Technologies for the Treatment of Contaminated Land and Groundwater (Phase 111).
s.l.:International HCH and Pesticides Association, Fellowship report: New and emerging
techniques for the destruction and treatment of pesticides wastes and contaminated soils.

Volcano Partners LLC, 2014. CEMENT-LOCK: Don't Store Hazardous Waste; Destroy it.
[Online]

Available at: http://www.cement-lock.com/

[Accessed 6 May 2015].

Woodward, B., 1959. Motion in and around isolated thermals. Quarterly J. of the Royal
Meteorological Society, Volume 85:144.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 4-1

4 AFFECTED ENVIRONMENT

This chapter presents a general description of the environments where dredged material from
USACE and other Federal agency navigation projects in the Long Island Sound region can be
placed or used for alternative purposes such as beneficial use. The individual chapter sections
are structured to first describe the general regional characteristics of each resource or system,
then to describe those specific resources that may be affected by placement of dredged material
within alternatives sites identified in Chapter 3. The alternative sites have been grouped by the
environments in which they are located (Open Water, Nearshore/Shoreline, and Upland) to
facilitate the presentation and discussion of resource data.

This chapter differs somewhat from descriptions of affected environments presented in typical
EISs or environmental impact reports, because it is designed to support a programmatic level of
analysis, not to determine the impacts of dredged material placement or use at a single preferred
alternative. This PEIS compares the effects of placement at types of alternatives: open water,
confined placement, beneficial use, and innovative treatment. Information specific to individual
site alternatives for dredged material placement is provided if available; however, site-specific
NEPA documents for individual placement projects will draw upon this analysis and will be
required to address environmental effects at the project level.

The environmental consequences analysis (Chapter 5) is structured to consider the known
impacts of dredged material placement at each of these alternative types, then to assess the
potential impacts associated with each of the specific alternative sites. That analysis builds on
the information presented in this chapter.
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4.1 LONG ISLAND SOUND STUDY AREA

The study area for this PEIS is the Long Island Sound Estuary and surrounding watersheds
(Figure 4-1). Long Island Sound is a 110-mi-long, semi-enclosed estuary located between the
coastline of Connecticut and the northern coastline of Long Island, New York. The Connecticut-
New York state line runs east-west through the middle of Long Island Sound. Unlike most
estuaries, Long Island Sound is connected to the ocean at both ends. The eastern end (“the
Race”) of Long Island Sound presents an open passage to the North Atlantic Ocean, while the
ocean passage at the western end is more restricted, traveling through the Narrows, along the
East River, and around the western tip of Long Island.

Long Island Sound is one of the most significant coastal areas in the nation; its watershed, which
includes an area of more than 16,000 mi?, traverses all of Connecticut and parts of New York,
Massachusetts, New Hampshire, Rhode Island, and Vermont (EPA, 1994). Three major rivers
(the Connecticut, Housatonic, and Thames) deliver freshwater to the Sound, which is bounded by
Connecticut and New York’s Westchester County to the north, by New York City to the west,
and by Long Island to the south. Long Island Sound intersects Washington County, Rhode
Island, at the easternmost boundaries of Connecticut and New York (Figure 4-1).

For discussion purposes, Long Island Sound can be divided into three major regions defined by
submarine features: the Western, Central, and Eastern Basins. As shown in Figure 4-1, the
Western Basin is the area from the Narrows (between Throgs Neck and Willets Point, New
York) to the Stratford Shoal (between Stratford Point, Connecticut [near Bridgeport,
Connecticut], and Port Jefferson, New York). The Central Basin stretches from the Stratford
Shoal to the Mattituck Sill (between Mulberry Point, Connecticut [near Guilford, Connecticut],
and Mattituck Point, New York). The Eastern Basin extends from the Mattituck Sill to the Race
at the eastern end of Long Island Sound and includes Peconic Bay, Gardiners Bay, Fishers
Sound, and western Block Island Sound (Figure 4-1). These boundaries were used in this PEIS
for organizing and summarizing resource data for Long Island Sound and do not reflect
jurisdictional or regulatory boundaries. The only portion of Block Island Sound evaluated in this
PEIS is the western portion of the Sound located within the Eastern Basin (as described above)
and its nearshore waters along the coasts of Washington County and Block Island.

The terrestrial portion of the study area includes Washington County in Rhode Island (including
Block Island), the State of Connecticut, and Westchester, Bronx, Queens, Suffolk, and Nassau
counties of New York, as well as the Boroughs of Brooklyn (Kings County) and Manhattan
(New York County), New York (Figure 4-1).
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Figure 4-1. Long Island Sound PEIS Study Area.
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4.2 GEOLOGICAL SETTING AND LANDSCAPE
4.2.1 General Long Island Sound Setting

The geological setting of the Long Island Sound study area is a primary driver of dredged
material management alternatives. Long Island Sound lies at the junction of the glacially
modified bedrock landscape of New England and the sediment-dominated Atlantic Coastal Plain
(Lewis, 2014). Long Island Sound has an east-west axis roughly parallel to the coast of southern
New England (Figure 4-2). The orientation of the basin is controlled by the elongated moraine
complex that borders the southern New England coastline. This unique combination results in a
striking contrast between the northern shore and southern shore of Long Island Sound. The
northern shore is bedrock-controlled with dominant north-south drainage, headlands, and pocket
beaches and marshes. The southern shore is sediment-dominated with large amounts of
unconsolidated materials, limited drainage, and a long, straight coastline.

TEAZOW TIIT0W 7145w

41745

1°300N

Long Island Sound Bathymetry and Elevation

RI Terrain NY Elevations <200 Depth Contours
Elevation (feet) eet (Meters)

W > 1400 1 50 - 200 =<1
-120171400-10“'15'1 [J10-20
I 1001 - 1200 I =0 - 100 [ 20-30
-Bm-n:mn‘-n's‘j [ s0-40

[ 601 - 800 I 20-50

I 207 - 600 I s - 60

201 - 400 W c0- 70

0-200 B o-80

< . 50-90
| 0 - 100
. - 100

3

rabow 73 avow 7arbow 7300W 72U 4TTW 72°300°W T2HE0W 72°00W 717450W 71°300°W

Sources: Gesch (2007); Gesch, et al. (2002); CTDEEP (2014a);Bonynge (2008); NOAA (1998); Long Island Sound
Resource Center (2014).

Figure 4-2. Long Island Sound Bathymetry and Land Topography.
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The location of harbors, the sources and types of sediments, and any opportunities for beneficial
placement are strongly affected by the geological history of southern New England compared to
Long Island. A brief review of this history will help provide the context; a more detailed history
is available in Lewis (2014). The structure of the southern New England landscape was formed
beginning over 500 million years ago, when large blocks of continents, called ‘terranes,” were
pushed together and subsequently nearly pulled apart. The dominant forces were east-west, and
the bedrock formed from the blocks aligned in north-south trending segments divided by
fractures and faults. Streams formed along these joints and coalesced into a drainage system
with a strong southward flow in subparallel watersheds divided by north-south ridges. Glacial
erosion and deposition did little to change this pattern; meltwater streams occupied these bedrock
valleys and discharged to the south. The resulting landscape consists of north-south streams and
rivers draining bedrock well to the north of Long Island Sound and depositing fine-grained
erosional remnants of the bedrock in isolated pockets between rock headlands. Harbors located
in these pockets are frequently rock-bound and filled with fine-grained sediment.

The structure of Long Island, in contrast, was almost entirely defined by deposition of Coastal
Plain deposits from the Cretaceous Period (66 million to 140 million years ago) and by
subsequent modification and deposition from glacial activity. The east-west orientation of Long
Island is defined by two glacial moraines; drainage from the crest of these moraines is short and
limited. Most of the island’s surface is covered in unconsolidated sands and gravels that are
highly permeable. Most harbors on Long Island are located between headlands formed by
resistant Coastal Plain or glacial deposits rather than bedrock. The harbors are shallow and
contain material eroded from bluffs of clay or unconsolidated sediments, generally sands and
gravels.

Long Island Sound was formed by glaciation, glacial retreat, and marine submergence (Stone, et
al., 2005). During the Pleistocene Period, and at a time when sea level was lower and the
coastline was out along the continental shelf, at least four ice sheets advanced over Long Island
Sound, scouring the bedrock in Connecticut and depositing glacial drift in the vicinity of present-
day Long Island (Lewis, 2014). The last ice sheet receded between 20,000 and 22,000 years ago,
leaving a series of recessional moraines along the north shore of Long Island (Stone, et al.,
2005). This moraine complex dammed glacial meltwater to form an extensive glacial lake, Lake
Connecticut, which nearly filled with meltwater deposits including lake clays. Erosion of a
spillway at the eastern end of the Race drained the lake, exposing the lake bed 18,000 years ago
(Stone, et al., 2005). At the same time, sea level began to rise, eventually submerging the Long
Island Sound basin, perhaps several times (due to rebound of the earth after the glaciers melted).
The fluctuations of sea level and glacial retreat and advance resulted in the formation of complex
layers of sediment in the basin of Long Island Sound that have been extensively reworked by
tidal and atmospheric storm forces.

Glaciolacustrine and marine deltaic deposits at the eastern end of Long Island Sound were
eroded, sorted, and transported westward (Knebel & Poppe, 2000). Marine mud deposits, now
found in the Western and Central Basins of Long Island Sound, accumulated during sea level
rise. The present-day geomorphology of Long Island Sound is characterized by irregular,
hummocky topography in the eastern part of the Sound and broad, relatively flat basins separated
by shoals in the western and central part of the Sound. The irregular topography has been shaped
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by strong physical forces (storms, tidal exchange), while the shoals are submarine outcrops of
coarse-grained glacial drift.

Long Island Sound has a mean depth of 79 ft. Each of its basins has distinct sedimentological
characteristics (Figure 4-3) (Poppe, et al., 2001). The Narrows from Throgs Neck to Willets
Point, New York, is a restricted basin bounded by the East River to the west with relatively weak
bottom currents (Signell, et al., 2000) but complex tidal circulation (O'Donnell, et al., 2014a).
This portion of the Western Basin is predominantly silt with patches of silty sand and gravel on
shoal areas that extend from the shoreline. The rest of the Western Basin (Willets Point to
Stratford shoal) has much more complex sediment distribution, including silty sands, sands and
gravels on the Norwalk shoal complex, and silt on the floor of the deepest part of the basin
(Figure 4-3). The topography in the Western Basin consists of relatively flat areas west and east
of the Norwalk shoal complex (Figure 4-3). The entire basin contains an east-west axial
depression roughly in the center of the Sound. The axial depression transects the Norwalk and
Stratford shoal complexes, where it becomes very narrow (1,600 ft) and deep (200 ft) (Knebel &
Poppe, 2000). These areas of shoal cut by the depression have the coarsest sediments with
gravel and sand bedforms. The Norwalk and Stratford shoal complexes have maximum relief of
about 130 ft; these complexes are oriented roughly north-south across the Sound and have
distinctive headlands and rocky islands at the shorelines.

The Central Basin is relatively flat with a broader depression that is deepest along the northern
shore of Long Island (Figure 4-2). The basin has a broad, flat floor with an increase in slope
towards the Connecticut shore. The sediments within the basin are distinctive olive-green silt;
these sediments include silty sand and silt on narrow shoals that extend from the Housatonic
delta and New Haven harbor (Figure 4-3). The eastern end of the Central Basin is marked by the
Mattituck Sill. The sill is actually an erosional scarp with a series of east-west tidal ridges and
channels that grade from a broad band of sand-silt-clay to silty sand to sand (Figure 4-3). The
sand-silt-clay horizon represents the transition from depositional conditions to tidal and storm
driven sediment transport (Knebel & Poppe, 2000).

The Eastern Basin has a highly complex seafloor topography, with east-west tidal ridges and
channels (including Long Sand shoal) that grade into very hummaocky terrain with scour holes
and knolls as the Sound narrows to the Race between Plum Island and Fisher’s Island (Figure
4-2). Water depths on the ridges can be as shallow as 65 ft near the Connecticut River and as
deep as 330 ft in the scour holes. Sediments in this region are generally coarse, with well-sorted
sands on the tidal ridges and gravelly sand and gravel in the scour depressions (Poppe, et al.,
2000).

The eastern part of the study area includes the Peconic Estuary and parts of Block Island Sound
(Figure 4-3). The Peconic Estuary is located between the north and south forks of Long Island
and encompasses Peconic River and Bay, Gardiners Bay, other smaller bays. Peconic Bay is
shallow with variable sediment ranging from sand to silt to sand-silt-clay. Inside Gardiners Bay,
the seafloor is shallow and relatively smooth with a broad distribution of silty sand and sand on
shoal areas (Figure 4-3). Outside Gardiners Bay in Plum Island Sound and Block Island Sound,
the seafloor is irregular and complex, with tidal channels and ridges (Figure 4-2). The sediments
range widely from silty sand behind Montauk Point to extensive deposits of gravel and sand



Final Programmatic Environmental Impact Statement for the
Long Island Sound Dredged Material Management Plan

December 2015
Page 4-7

= 3450w 733g0W TIFOW 7300w T2450W 72°390W T2150W 200°W T1450W 7130w z
= P P -
= 5
. [olland Windham .
Hartford ;r,;
Litchfield ’_f_/_(\f
New London
Z £
£ 5
= New Haven g; e
5 % g Washington 5
bl Middlesex tl ¥
1382
384
l. o
® a2 e
= o ' £
2 610 ' | 2
T i Eastem | T
= L] e, Study | *
érea
Westchester . ° oundary|
-600
-
-
- { 179 »
5Ny s
7 o
c 178 5
Long Island Sound Distribution of Surficial Sediments
and Selected Alternative Sites
Stk Site Type RI Sediment Texture
= @ Containment Sites (17) ® GRAVEL 5
%_ A Nearshore Bar / Berm (39) GRAVELLY SERIMENT _:E
& B Open Water (5) SAND z
* Habitat Restoration (2) SILTY SAND
= = LIS Basins #IS'Sedlments
exture
Basema
Sl;: Bound I Gravel or Bedrock
e Doundary
G lly Sand
[ Connecticut = Sra‘: y:2an
an
- 427 ] Rhode Island — .
8. [ New York | &
o _"1 Study Area Waterbodies I Sand-Sit-Clay g
g LR 3 g q Sandy Silt, Clayey Silt, or Silt q
Major Waterbodies ’—|7 .
ity Clay
N i No Data
0 5 10 20 30 40
e - AU L
1 1 1 1 1 1 1 I 1 1
73°450W 73°30'0'W 73°150'W 73°00"W 72450'W 72°300"W 72°150"W 72°00"W 71°450W 71°300'W

Sources: Poppe, et al. (2001); Poppe (2012).

Figure 4-3. Long Island Sound Sediment Map.
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(Figure 4-3). The barrier islands of southwestern Rhode Island are part of a glacial moraine that
extends out to Fire Island, New York. Like its geological cousins, Block Island is composed of
loose glacial deposits and a small amount of other unconsolidated or weakly consolidated and
sedimentary rock. Bedrock lies far below the surface, and since its formation, Block Island is
geologically dynamic, having been subjected to steady erosion by winds, currents and storms
(Rhode Island Historical Preservation Commission, 1991).

4.2.2 Geologic Setting of the Open-Water Environment

The open-water environment of Long Island Sound is the part of the estuary deeper than about
40 ft. In general, the portion of the open-water environment of Long Island Sound that is
suitable for placement of dredged material under conditions where it will remain deposited is the
part of the estuary deeper than about 59 ft; the exception is the eastern portion of the central
Sound, which is influenced by strong tidal currents that flow through the Race (Figure 4-4).
There are currently four open-water placement sites for dredged material in Long Island Sound
(Figure 4-4): WLDS, CLDS, CSDS, and NLDS. WLDS, CLDS, and NLDS are retentive sites
where dredged material placed at the site remains at the site. CSDS is the only dredged material
disposal site of these four that is managed as a dispersive site, where dredged material placed at
the site is expected to be transported out of the area by bedload transport from strong tidal
currents and sediment resuspension during storm events. Confined placement refers to areas
where a low mound of dredged material on the seafloor is covered with additional layers of
dredged material to ‘cap’ or confine the initial placement (Fredette, et al., 1992). There is one
proposed confined open-water placement site alternative for dredged material in this region of
Long Island Sound: Site E - Sherwood Island Borrow Pit E.

Western Long Island Sound Disposal Site

The WLDS site occupies an area of seafloor located in the Western Basin of Long Island Sound
with sand-silt-clay deposits (Figure 4-3). The seafloor at the WLDS site is a plane, gently
sloping downward from north to south and bisected by an axial depression that runs from east to
west. Water depths range from 75 ft in the northwest corner to 85 ft in the northeast corner,
down to 98 ft along the southern boundary, with the 118-ft-deep cut of the axial depression
occupying one quarter of the area of the site in the southern half (ENSR, 2007). Distinct mounds
from past dredged material placement activities are present, with peaks almost 12 ft above the
seafloor and at a minimum water depth of 89 ft, including some in the axial depression (ENSR,
2007).

Natural sediments at WLDS consist primarily of fine silt and clays, as confirmed by the results
of sampling conducted there in support of the Long Island Sound Dredged Material Site
Designation EIS (EPA, 2004) [Appendix H-1]). The site is in an area of sediment accumulation,
which is indicative of a generally low current regime. In particular, there is an area that shoals
rapidly along the southern border of WLDS. Bokuniewicz & Gordon (1980a) estimated that the
area in which WLDS is situated has accumulated 200 to 400 grams per square meter per year
(g/m?/yr) of sediment during the last 8,000 years.
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Figure 4-4. Bathymetric Map of Long Island Sound (59-ft [18 m] Contour Highlighted).

Central Long Island Sound Disposal Site

The CLDS occupies an area of seafloor located in the northern Central Basin of Long Island
Sound at the tip of a historic submerged delta outside New Haven Harbor (Figure 4-4). The
seafloor at CLDS slopes from a depth of 59 ft at the northwest corner to 72 ft in the southeast
corner, with distinct disposal mounds from past dredged material placement activities rising to
depths as shallow as 46 ft (AECOM, 2013).

The bottom sediments at the CLDS site are composed of fine silts and clays characteristic of the
low-energy environment found in deep areas of the Western and Central Basins. This
characterization was confirmed by the results of sampling conducted in support of the Long
Island Sound Dredged Material Site Designation EIS (EPA, 2004) [Appendix F]). The site isin
an area of sediment accumulation which is indicative of a generally low current regime.
Bokuniewicz & Gordon (1980a) estimated that the area in which CLDS is situated has
accumulated 200 to 600 g/m?/yr of sediment during the last 8,000 years.
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Cornfield Shoals Disposal Site

The CSDS occupies an area of seafloor located in the Eastern Basin of Long Island Sound south
of the mouth of the Connecticut River (Figure 4-4). Of the four open-water placement sites, the
CSDS is the only one managed as a dispersive site. The predominant topographic features are a
smooth, sandy bottom and sand wave bedforms oriented in an east-west direction that gently
slope from northeast to southwest. A June 2004 bathymetric survey of the CSDS found no
distinct disposal mounds, which is consistent with the dispersive nature of the site (ENSR,
2005a). Water depths ranged from 151 ft in the northeast corner to a maximum depth of 189 ft
in the southwestern quadrant (ENSR, 2005a). The coarse particle size of sediments at the site,
sand and gravel, are a result of high-energy physical processes from tidal currents, atmospheric
storms, and the Connecticut River outflow in the area. Observations of clay nodules from glacial
lake deposits also provide evidence of scouring at the site (SAIC, 1988).

New London Disposal Site

The NLDS occupies an area of seafloor located in the Eastern Basin of Long Island Sound at the
mouth of the Thames River and west of Fishers Island Sound in sandy deposits (Figure 4-4).

The 1-nmi? NLDS has water depths ranging from 46 ft over the NL-RELIC Mound to 79 ft at the
southern disposal site boundary (AECOM, 2009). A broad trough runs northwest to southeast in
the southwest quadrant of NLDS (AECOM, 2009). The seafloor sediments in the site range
from silt clay with shell fragments to fine sand (AECOM, 2009).

Confined Open-Water Site E Alternative

The Sherwood Island Borrow Pit (Site E) alternative site is a potential 100-acre confined
placement site approximately 1/2 mi offshore of Sherwood Island State Park, Westport,
Connecticut. Because this site is located outside of a harbor within the waters of Long Island
Sound, it is subject to MPRSA and is considered an open-water alternative site. The site consists
of an existing, historically used borrow pit approximately 30 ft deeper than the surrounding area,
which has average depths of -20 ft mean low water (MLW). The area surrounding the borrow pit
site is characterized as gravel, gravelly sand, sand/silt/clay, silty sand, and sand (USACE,

2010a). The material at the bottom of the pit is described as “granular” (USACE, 1985).

4.2.3 Geologic Setting of the Nearshore/Shoreline Environment

The nearshore/shoreline environment of Long Island Sound is the part of the estuary shallower
than about 40 ft. Placement alternatives that could occur in this zone, as well as along the Rhode
Island barrier islands and Block Island shoreline, include berm and beach replenishment as well
as island and shoreline restoration, depending on the characteristics and appropriateness of the
dredged material. Confined placement alternatives that could occur in this zone include CAD
cells, as well as CDF sites on the shoreline or as constructed islands. Confined placement
options are designed to contain dredged material within a structure or by layering additional
dredged material to cap and confine the initial layer of placed sediment. Areas with
environmental conditions that would support the beneficial use of dredged material, such as
protected low-energy areas, have been identified as alternatives (Figure 4-3).

The diverse shoreline of Long Island Sound encompasses rocky intertidal areas, beaches, tidal
flats, salt marshes, and industrialized and developed areas. On the northeastern end of the
Sound, Fishers Island in New York State and the southwestern shore of Rhode Island were
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formed from rocky till of the terminal glacial moraine that once extended from the North Fork of
Long Island all the way to the peninsula of Watch Hill, Rhode Island. Along the northern shore,
rivers that flow through glacial meltwater-carved valleys have infilled these areas, creating small
deltas and muddy harbors and supporting salt marsh development. The longest river in New
England, the Connecticut River, carries sediment from an extensive watershed, resulting in large
shoals at its mouth that restrict navigation. There are pocket beaches between bedrock
protrusions or rock headlands, which reduce wave energy and the longshore transport of sand
along the north shore. Barrier spits tend to be small. The south shore has long expansive
beaches and bluffs of till and glacial drift that erosional processes have straightened, as the
bedrock is buried deep under coastal plain and glacial sedimentary deposits. Along the south
shore, the sediment in the Narrows and the western part of the Western Basin is siltier than the
sandy shoreline to the east. Gardiners and Peconic Bays at the eastern end has a mixture of silty
sands in protected areas and gravelly sand and bedrock in areas exposed to the dynamics of
ocean waters, which flow through the Race separating Long Island from Fishers Island.

Confined Placement
In-Harbor CAD Cells

There are three In-Harbor CAD cell alternatives located in Connecticut: Bridgeport Outer Harbor
West (G), Bridgeport Outer Harbor Southeast (H), and Morris Cove (M) (Figure 4-3). CAD
cells can be sited by using existing seafloor depressions and borrow pits or through newly
excavated pits that are used for placement and containment of dredged materials. All of these
alternatives are located in protected harbor or cove areas. The area and sediment grain size of
these alternative sites are presented in Table 4-1.

Island CDFs

There are six Island CDF alternatives located in Connecticut: Greenwich Captain Harbor (B),
New Haven Breakwaters (L), Falkner Island (N), Duck Island Roads (P), Twotree Island (Q),
and Groton Black Ledge (R) (Figure 4-3). The proposed Island CDFs would be constructed in
shallow coastal water adjacent to islands, using confinement, retention dikes, or other structures
to isolate the dredged material from the surrounding water. More details are provided in USACE
(2010a). The area and sediment grain size of these alternative sites are presented in Table 4-1.

Shoreline CDFs

There is one Shoreline CDF alternative in New York, Hempstead Harbor (A). Seven alternatives
are in Connecticut: Norwalk Outer Harbor Islands Marsh (C), Norwalk Outer Harbor Islands
Shore (D), Penfield Reef (F), Bridgeport Yellow Mill Channel (I), Stratford Point (J), Milford
Harbor (K), and Clinton Harbor (O) (Figure 4-3). The proposed Shoreline CDFs would be
constructed in shallow coastal water adjacent to shoreline land, using confinement, retention
dikes, or other structures to isolate the dredged material from the surrounding water. More
details are provided in USACE (2010a). The area and sediment grain size of these alternative
sites are presented in Table 4-1.
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Table 4-1. Geological Resources in Nearshore/Shoreline Environments.

Environment Alternative Type Alternative ID Area or Capacity/Geology
G 14 acres; requires excavation; silty sand
In—Haerc:Ir CAD H 16 acres; requires excavation; silty sand
€ M 30 acres; existing borrow pit; sand/silty sand
B 49 acres; gravel, silty sand
L 1,150 acres; sand, silty sand, sandy silt
N 240 acres; gravel and sand
Island CDF P 48 acres; sand
Q 80 acres; gravel, gravelly sand, sand
125 acres; rocky shoal; gravel, gravelly sand, sand
R and silty sand
A 116 acres; silty sand, sand
C 78 acres; salt marsh creation; silty sand, sand
D 33 acres; gravelly sand
1,035 acres; small island and submerged reef;
Shoreline CDF F gravel, gravelly sand, sand and silty sand
[ 16 acres; industrial channel; sandy silt
J 1,090 acres; gravel, gravelly sand, sand
K 11 acres; gravelly sand, sand
0] 100 acres; salt marsh creation; sand
177 33,700 CY; medium sand
178 84,300 CY; cobble to coarse sand
179 131,100 CY; cobble to coarse sand
Nearshore/ 121/446 202,400 CY; medium to fine sand
Shoreline 453 105,100 CY; medium to fine sand
Environment 173 276,000 CY; coarse sand
180 204,100 CY; medium sand
454A 155,100 CY;; coarse sand
454B 72,800 CY; coarse sand
100,000 CY initial construction; 92,000 CY every 9
455/82 years; medium sand
445 129,600 CY; medium to coarse sand
Nearshore Bar 171 197,800 CY; coarse to medium sand
Placement/ 170 242,800 CY; medium to coarse sand
Nearshore Berm 63 248,300 CY; medium to fine sand
Sites* 456 96,200 CY; medium sand
441 28,200 CY; coarse sand
320 30,200 CY; medium to coarse sand
440 58,400 CY; coarse sand
449 106,000 CY; coarse sand
438 12,700 CY;; coarse sand
433 27,200 CY; coarse sand
434 20,100 CY; coarse sand
323 143,100 CY; medium sand
467 45,300 CY; medium sand
364 25,400 CY; fine sand
451 8,200 CY; medium to coarse sand
447 55,000 CY; medium sand

! Generally placed along the ~15 ft depth and high relief mounds
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Table 4-1. Geological Resources in Nearshore/Shoreline Environments (continued).

Environment Alternative Type Alternative ID Area or Capacity/Geology
327/333/330 214,700 CY; medium sand
337 55,600 CY; medium sand
457 8,700 CY; coarse to medium sand
365 140,00 CY; medium sand
GP 62,800 CY; medium sand
367 48,600 CY; medium sand
368 72,300 CY; coarse sand
381/382 154,900 CY; medium to fine sand
384 70,500 CY; medium to fine sand
600 192,274 CY; poorly graded medium sand
610 194,495 CY; sandy cobble
620 80,000 CY; sand
130,900 CY; well sorted medium-grained sand with
323 shell hash
433 15,700 CY;; Poorly sorted coarse-grained sand
6,300 CY; Poorly sorted medium to coarse-grained
434 sand
24,700 CY; Moderately sorted medium to coarse-
436 grained sand
562,700 CY; Moderately sorted medium-grained
365 sand
4,300 CY; Poorly sorted coarse to medium--grained
457 sand with gravel
21,000 CY; Poorly sorted fine-grained sand with
Nearshore/ 364 shell material
Er?\r/}(;g(::mgnt 444 5,300 CY; Poorly sorted medium-grained sgnd
(Continued) 451 500 CY; Poorly sorted medium to coarse-grained
3,400 CY; Well sorted medium grained sand with
337 gravel
Beach 31,900 CY; Well sorted medium grained sand on
Nourishment south end; Poorly sorted coarse sand to gravel on
320 north side
441 20,100 CY; Poorly sorted coarse sand
442 38,700 CY; Poorly sorted coarse-grained sand
54,400 CY; Poorly sorted coarse-grained sand with
450 shells
447 63,100 CY; Well sorted medium grained sand
438 2,800 CY; Poorly sorted coarse-grained sand
65,800 CY; Poorly sorted coarse-grained sand on
east-facing beach. Cobble and gravel on southwest-
440 facing beach
71,400 CY; Poorly sorted coarse-grained sand on
east-facing beach, becoming coarser with pebbles
449 and debris toward northern end of this beach.
181 33,750 CY; Well sorted fine-grained sand
400,000 CY initial construction; 20,000 CY every
year; Moderately well sorted medium to fine-
453 grained sand
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Table 4-1. Geological Resources in Nearshore/Shoreline Environments (continued).

Environment

Alternative Type

Alternative ID

Area or Capacity/Geology

600,000 CY initial construction; 124,000 CY every

63 5 years; Well sorted medium to fine-grained sand
77,200 CY; Poorly sorted medium-grained sand
456 with gravel
162,800 CY; Poorly sorted coarse-grained sand
A54E with gravel
50,700 CY; Poorly sorted coarse-grained sand with
454W gravel
100,000 CY; Well sorted medium sand with some
455/82 pebbles
32,000 CY; Well sorted medium to fine-grained
384 sand
367 10,400 CY; Well sorted fine sand
131,200 CY; Mostly pebbles and some gravel at
east end. Coarse sand and gravel with pebbles at
368 west end
164,100 CY; Poorly sorted coarse to medium-
171 grained sand with gravel
173 319,600 CY; Poorly sorted coarse-grained sand
177 20,100 CY; Well sorted medium-grained sand
178 76,900 CY; Cobbles
179 147,300 CY; Cobbles with intermixed sand
160,600 CY; Moderately well sorted medium to
170 coarse-grained sand
119,900 CY; Moderately sorted medium-grained
180 sand with some gravel and shells
445 120,000 CY; Medium to coarse-grained sand
427,400 CY; Well sorted medium to fine-grained
446 sand
1,200 CY; Poorly sorted medium to coarse-grained
343 sand with gravel
474 100 CY; Poorly sorted coarse-grained sand
6,400 CY; Moderately well-sorted medium-grained
339 sand with crushed shells
5,300 CY; Poorly sorted medium grained sand to
459 coarse sediment with gravel
348 1,700 CY; Well sorted fine sand
480 3,300 CY; Well sorted medium to fine-grained sand
23,200 CY; Poorly sorted medium-grained sand
467 with shell hash
468 31,700 CY; Cobble
325 51,200 CY; Well sorted medium grained sand
327 11,600 CY; Medium grained sand with shell hash
329 17,700 CY; Well sorted medium-grained sand
330 17,700 CY; Well sorted medium grained sand
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Table 4-1. Geological Resources in Nearshore/Shoreline Environments (continued).

Environment Alternative Type Alternative ID Area or Capacity/Geology
331 29,800 CY; Coarse to medium-grained sand
332 27,700 CY; Well sorted medium-grained sand
1,800 CY; No beach; rocky headland; beach parcels
333 on either side
344 600 CY; Well sorted coarse sand
42,200 CY; Well sorted medium to coarse-grained
345 sand
121 9,000 CY; Well sorted medium-grained sand
64 128,800 CY; Poorly sorted medium sand
67 3,600 CY; Poorly sorted medium sand with pebbles
68 2,400 CY; Well sorted medium sand
23,900 CY; Poorly sorted medium to coarse-grained
111 sand with pebbles
76 23,200 CY; Poorly sorted coarse-grained sand
14,400 CY; Moderately well-sorted coarse-grained
79 sand
22,600 CY; Well sorted medium to fine-grained
381 sand
68,100 CY; Well sorted medium to fine-grained
382 sand
437 41,600 CY; N/A
600 66,667 CY; poorly graded medium sand
66,667 CY; sand with stone and cobble in some
610 areas
620 80,000 CY; medium to fine sand

Generally placed along the ~15 ft depth and high relief mounds
Sources: USACE (2010a); USACE (2012a); USACE (2012b).

Beneficial Use
Nearshore Bar/Berm Placement

There are 39 nearshore bar and berm placement alternatives (Figure 4-3). Similar to direct beach
nourishment, nearshore bars and berms can provide protection and sediment to nourish the
littoral system and shoreline. Generally, berms are placed along the ~15 ft depth as high-relief
mounds. Feeder berms would consist of clean sands or sands mixed with some finer materials
and would temporarily affect surface sediments. Stable berms are generally longer-lasting
features constructed in deeper water or low-energy environments, where sediment transport is
limited. These berms can be constructed with finer-grained material since the environment is not
conducive to wave- or current-induced sediment transport. Stable berms can also promote
sedimentation and reduce erosional processes (protect shorelines) by reducing wave energy.
Location, length, and additional details are provided in USACE (2012b). The capacity and grain
size of these alternative sites are presented in Table 4-1.
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Beach Nourishment

There were 67 beaches identified for potential beach replenishment: 24 in New York, 37 in
Connecticut, and 6 in Rhode Island. Beach renourishment supplies additional sand with similar
grain size on a beach and for dune restoration. Most of the beaches identified consisted of
medium- to coarse-grained sands; Table 4-1 describes the grain size for each beach area. The
beach nourishment volumes presented in Table 4-1 provide a conservative low-end estimate
calculated using the equilibrium beach profile theory methodology (USACE, 2010a). More
detailed site information is available in USACE (2010a).

4.2.4 Geologic Setting of the Upland Environment

The geological setting of the upland environment is addressed in particular for cases where the
environmental, geohydrological, and engineering characteristics must be considered for
restoration or reconstruction projects.

The potential upland alternative sites available at the time of PEIS publication are shown in
Figure 4-1 and are listed in Table 4-2. The geologic past and surficial geology of the
Connecticut Valley, where the Connecticut landfills are located, has been described
(Section 4.2.1), along with the history of glacio-fluvial processes forming the morphology
beneath the Long Island landfills and the coastal construction and restoration projects. The
geological and hydrological resources associated with the relevant program upland areas are
listed in Table 4-2.

Confined Placement
Landfill Placement

The surficial geology and soil makeup at the Landfill Placement site is of minor relevance since
this alternative is located at an operating and regulated facility.

Beneficial Reuse
Landfills Capping/Cover

The surficial geology and soil makeup at the Landfill Capping sites is of minor relevance since
all landfill alternatives are located at operating, regulated facilities. These facilities may be able
to accept clean fill for cover, which would need to meet engineering and environmental
characteristics of the design including infiltration, drainage, vegetation, and erosion
specifications.

Brownfields and Other Redevelopment

The reconstruction and restoration projects are located on Long Island and underlain by sole-
source aquifers. Surface soils at the former Flushing Airport (Alternative 422/423) have not
been mapped due to inaccessibility, but standing water exists at the site, and adjacent soils
include urban land with a tidal marsh substratum and soils with very limited drainage capacity
(USDA, 2014).

Habitat Restoration, Enhancement, or Creation

Restoration projects identified in New York’s Jamaica Bay region include island and shoreline
marsh restoration sites (429). One of the important functions served by coastal marshland is the
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buffering they provide to adjacent areas during extreme weather events. In the event of a
Category | hurricane, the islands within Jamaica Bay are at a high risk to be inundated and
subjected to destructive surf zone forces (NYC, 2014). Marshland has been added to the islands
of East and West Elders Point, and plans to restore marsh to Yellow Bar, Black Wall, and Rulers
Bar exist. Furthermore, the Jamaica Bay Environmental Restoration Project proposes to restore
550 acres along the bay perimeter, including Dead Horse Bay, Paedegat Basin, and Fresh Creek
(USACE, 2011). Each of these future projects will require tens to hundreds of thousands of
cubic yards to complete, and surficial material will need the physical and chemical properties
necessary to support the restoration designs. Added marshlands along the perimeter and within
Jamaica Bay will serve to increase climate change resiliency, with added protection during
severe storms.

The remaining restoration site located in Brooklyn (Alternative 427) is a barrier beach and also
at high inundation and surf zone erosion risk under Category | hurricane conditions (NYC,
2014). The beach is located near the western margin of Jamaica Bay and provides storm
protection to the local area. A vegetated area, a public bikeway, and the Belt Parkway border the
landward edge of the beach, and the area was last replenished in 2013 (WatersWeShare, 2013);
(TWC News, 2013).

Table 4-2. Geological Resources in Upland Environments.

Alternative Alternative
Environment Type ID Resources Present
Landfill Sand and gravel
Placement 59 g
60 Soil data not available
Landfill 61 Soil data not available
Cover/ - :
Capping 251 Soil data not available
Upland 272 Soil data not available
Environment [ Brownfields & Denied access but in adjacent soils: good seedling
Other survival, very limited subsurface drainage; tidal marsh
Redevelopment 422/423 substratum common; typically sand-silt mixtures
Habitat 427 Soil data not available
Restoration /
Enhancement Soil data not available
or Creation 429

Sources: NYSDEC (2013a), CTDEEP (2014b), USDA (2014), USACE (2011).
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43 METEOROLOGY
4.3.1 General Long Island Sound Setting

A study sponsored by USACE and EPA in 2001 provided meteorological information relative to
open-water placement by combining an analysis of data from previous studies and a field data
collection program in the spring of 2001 (EPA, 2004) [Appendix G]). The modeling efforts for
the Long Island Sound Dredged Material Site Designation EIS (EPA, 2004) [Appendix G])
focused on these data because they provide information on long-term trends. Recent
meteorological data obtained from the National Oceanic and Atmospheric Administration
(NOAA, 2014a) were used to update conditions in Long Island Sound for this PEIS. The results
of the 2001 evaluation were also reviewed to confirm consistency with the long-term data
obtained from the larger NOAA study.

These studies document that the climate in the area of Long Island Sound is typical of the
northeastern United States, with hot summers and cold, stormy winters. Large ranges of air
temperature are observed both daily and annually (Figure 4-5). The average precipitation is
about 40 inches per year, distributed evenly across the seasons. Fog in Long Island Sound is not
common, but when it does occur, it occurs most frequently during the late winter and spring
seasons when a warm moist southerly flow of air passes over cold ocean water.
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Source: NOAA (2014a).

Figure 4-5. Average Air Temperature at Station NWHC3 - 8465705 - New Haven, CT.
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Wind Speed

Average wind speeds measured from 2004 through 2012 at an onshore weather buoy in New
Haven, Connecticut, ranged from about 6 knots (7 mi/hour) in July to about 9 knots (10 mi/hour)
in December and February, but with maximum winds of almost 40 knots in December (Figure
4-6). Prevailing winds are from the south and southwest in the summer, and from the north and
northwest in the winter. Occasional two- to three-day winter storms from the northeast
(“northeasters”) can produce severe conditions with high winds, cold rain, and steep seas.

Recent measurements of winds at two buoys in western and central Long Island Sound have
revealed that extrapolation from long-term wind records on shore may underestimate wind stress
in open water (O'Donnell, et al., 2014a). The winds in southern New England and the Middle
Atlantic Bight have a distinct seasonal pattern, with monthly mean surface wind blowing to the
southeast in winter and with much lower velocity to the northeast in summer (Klink, 1999);
(Lentz, 2008). Observations in Long Island Sound show a general pattern consistent with these
regional cycles (O'Donnell, et al., 2014a) but much stronger winter winds at central Long Island
Sound than at western Long Island Sound.

Long-term wind measurements from four stations located throughout Long Island Sound were
analyzed to characterize the effect of wind on bottom currents (USACE, 2001). Strong winds
along the axis of Long Island Sound either from the west or east have the strongest effect on
near-bottom currents. Historical data from four locations showed that winds have a westward
component about 32% of the time (USACE, 2001).
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Figure 4-6. Average Wind Speed (Knots) at Station NWHC3 - 8465705 - New Haven, CT.
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Storms

Northeasters (extra-tropical cyclones, including hurricanes) are the major storm influence on
Long Island Sound (O'Donnell, et al., 2014a). The response of Long Island Sound to these
storms (and tropical cyclones) has a profound effect on the suitability of nearshore and open-
water placement alternatives. Evaluation of tropical cyclones passing through the Sound
between 1959 and 2007 has highlighted storm surge and wind wave set-up as the dominant
effects (Colle, et al., 2010). Storm surge is defined as the rise in water level from wind stress
and barometric pressure on top of tides; wind wave set-up is defined as the rise in water level
that occurs when storm winds from the east force water into the Sound. The sea level record at
the Battery (Manhattan) shows that flooding events have increased since 1959, but if sea level
rise of 0.1 inch/year is removed from the record, there is no increase (Colle, et al., 2010). Minor
changes in water levels in the Sound can exacerbate flooding of coastal areas. The response of
the sea level in the Western Basin to major storm events has been modeled by Bowman, et al.
(2005) and Zheng (2006). They have shown that wind wave set-up (Bokuniewicz & Gordon,
1980b) has a major effect on water levels. When this occurs on top of the tidal increase,
substantial flooding occurs, particularly in the western end of the Sound. The degree and nature
of flooding due to cyclones is highly dependent on the timing and direction of the wind field
(O'Donnell, et al., 2014a).

Hurricane Irene made landfall in North Carolina as a category 1 hurricane and moved
northnortheastward, decreasing in intensity to a tropical storm when the eye passed over New
York City on August 28, 2011 (Coch, 2012). The size of the storm and intensity of rainfall ahead
of the storm caused catastrophic inland flooding in New Jersey, Massachusetts and VVermont.
The flooding in the Connecticut River watershed and much of coastal Connecticut led to high
levels of nutrient and suspended sediment discharge into Long Island Sound affecting nearshore
and mid-Sound locations. Sediment concentrations reached 1,000 mg/I at the mouth of the
Connecticut River (Kratz, 2012).

Hurricane Sandy made landfall as a post-tropical cyclone near Brigantine, New Jersey on
October 29, 2012, impacting Long Island Sound with storm surge, high waves, and wind. Sandy
caused water levels to rise along the entire east coast of the United States with the highest storm
surges and greatest inundation on land occurring in New Jersey, New York, and Connecticut,
especially in and around the New York City metropolitan area. In many of these locations,
especially along the coast of Staten Island and southward-facing shores of Brooklyn, Queens and
Long Island, the surge was accompanied by powerful damaging waves.

Climate Change

Climatic change in the Long Island Sound region will affect the meteorology and circulation of
Long Island Sound as well as nearshore sediment transport and ecological conditions. Results of
climate change include sea level rise, changes to wind stress fields, longer periods of water
column stratification, an increase in the frequency and intensity of coastal storms (wave climate,
tidal surge, flooding), temperature increases leading to alterations in food webs, shifts in high-
value living resources, and acidification from increased levels of carbon dioxide. The alterations
in physical processes in turn affect the chemistry, such as dissolved oxygen (DO) levels and
salinity, and the biology of Long Island Sound and ecological processes (Tedesco, et al., 2014).
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Studies of water temperature patterns have observed that average surface temperature has been
relatively constant in the summer but has increased in the winter over the long term (Lee &
Lwiza (2005), Stachowicz, et al. (2002)). Fall-winter surface heat fluxes are the dominant
influence on the water temperature of Long Island Sound (Lee, 2009), and regional climate
change is thought to drive this warming trend (O'Donnell, et al., 2014a).

Since 1946, the wind direction has been shifting toward 203 °, which would produce the most
vertical stratification (O'Donnell, et al., 2014a). Changes in wind dynamics have increased the
duration of water stratification, which has a cooling effect on bottom waters (O'Donnell, et al.,
2014a). In Western Long Island Sound, the difference between surface and bottom waters has
increased by about 1.5°C during the summer months from 1946 to 2006, with a reported cooling
trend in bottom temperature (Wilson, et al., 2008). In addition to climate change, ongoing
development may be increasing the urban heat island effect in the western region of Long Island
Sound and affecting wind patterns.

Climate change will likely affect the volume and timing of delivery of freshwater to the Sound
through changes in precipitation and evaporation. The Long Island Sound region has become
wetter than in the past, with a 13% increase in yearly average precipitation over the last 20 years
and possibly up to 20% over 40 years (Tedesco, et al., 2014). Although the increase has been
distributed evenly over the year, the form of the precipitation (i.e., whether it is rain or snow)
might have a large impact on the system. The timing of seasonal peak river flows is shifting to
earlier in the year for the nearby Hudson River and regional rivers (USGS (2011a); O’Donnell, et
al. (2014a)).

Similar to wind impacts, the earlier spring snowmelt flows and warming increase the duration of
water column stratification in the Sound. The large influx of freshwater contributes to haline
stratification, as freshwater is less dense than the seawater. Climate change thus has extended
stratification periods and shortened the mixing periods of surface and bottom waters. Less
mixing results in reduced replenishment of DO in bottom waters and an increased amount of
time over which hypoxic conditions may occur (Tedesco, et al., 2014). It is possible that in the
future, decreased snow volumes and earlier melts will result in even earlier peak flows or no
large spring freshwater influx. Changes in water column stratification have profound effects on
the ecology of phytoplankton and zooplankton as well as bottom water chemistry (Tedesco, et
al., 2014).

Sea Level Rise

Globally, sea level is rising due to the thermal expansion of seawater, melting of glaciers and ice
sheets, and reduced water storage on land (IPCC, 2014). Along the Mid-Atlantic and New
England Coast, the rates of sea level rise have been three to four times faster than the global
average rate (Sallenger, et al., 2012). Based on four NOAA tide gauges (New London,
Bridgeport, Kings Point/Willets Point, Montauk) around Long Island Sound, from 1986 to 2010
relative sea level has risen by about 4.5 inches. The rate of rise, about 0.2 inch per year, is
projected to increase substantially in the future. Although sea level rise will not alter the wave
field of Long Island Sound, the direction and speed of waves may change in response to
changing wind and shoreline patterns (O'Donnell, et al., 2014a). Sea level rise combined with
storm surge and wave action pose risks of flooding, shoreline erosion and alteration, and wetland
deterioration and loss. Sea level rise will impact nearshore erosional and sedimentation
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processes. Sea level rise also results in saltwater intrusion into groundwater that causes coastal
water tables to rise, presenting an additional flooding risk to low-lying areas (Tedesco, et al.,
2014). Tedesco, et al. (2014) have identified the steep bluffs of the Long Island shoreline as
possibly the most vulnerable to sea-level-related erosion due to undercutting at the water’s edge,
and have postulated that changes could occur to the mouth of Long Island Sound, altering the
physical dynamics with the ocean.

Shepard & Wanless (1971) have reported that in the 18" and 19" centuries, prominent headlands
in the vicinity of Oak Neck on Long Island were eroded some 490 ft. Davies, et al. (1973) found
a bluff recession rate in the 20™ century of some 1.6 ft per year, with a range of 0 to 5.2 ft at

19 locations from Oak Neck Point near Oyster Bay to Orient Point, a distance of some 60 mi.
This bluff erosion feeds the littoral drift and the beaches of the north shore (Bokuniewicz &
Tanski, 1983). For example, the bluffs of Nissequogue currently feed Long Beach, causing the
spit to prograde to the east-northeast about 6 ft per year (Swanson & Bowman, in preparation).
Bokuniewicz & Tanski (1983), in their sediment budget resulting from bluff erosion, estimate
that about 85% of the eroded material ends up in the deep waters of the Sound with about 3%
going to wetlands. Very little material permanently remains on the beaches; hence, they are
generally receding.

The changes in climate that influence the physical oceanography of Long Island Sound will
reverberate throughout the ecosystem. As a result, the magnitude and timeframes over which
physical processes operate need to be better understood and accounted for to support
management. This is particularly true in the design aspects of coastal development and related
infrastructure initiatives. It is also true for diagnosing and responding to Long Island Sound’s
lobster mortality events and the chronic annual hypoxia, since both appear to be closely tied to
altered physical drivers that may further change in the coming decades (Tedesco, et al., 2014).

4.3.2 Open-Water Environment Meteorology

The meteorology of the open-water environment, where the unconfined and confined open-water
placement alternative sites are located, is similar to that of the general Long Island Sound setting
described above. There is a gradient of tidal exchange, near-bottom currents and exposure to
open circulation from the western to eastern Sound. However the impacts of storms, climate
change and sea level rise are likely to be amplified in the western Sound (Tedesco, et al., 2014).

Western Long Island Sound Disposal Site

Storms - At the WLDS, the disturbance potential from storms (waves and currents) is limited by
fetch and distance from the open coast, but it is still likely to be greater than CLDS (see Section
4.4.2, (USACE, 2001)). An important distinction about the western Sound is that setup and
storm surge can be amplified by the seiche dynamics of the Sound (O'Donnell, et al., 2014a).
During Hurricane Sandy, tide levels at Bridgeport were recorded 0.304 meters above the
previous historic record, from a December 1992 winter storm (Zervas, 2013). The combination
of wind setup, duration and storm surge caused an amplification of normal seiche conditions and
extreme tide levels accompanied by flooding. At WLDS conditions during storms of this
magnitude would be expected to increase near bottom currents.
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Climate Change and Sea Level Rise — Sea level rise is not expected to change circulation patterns
or affect sediment transport dynamics at the WLDS, but regional shifts in wind field intensity
and direction from temperature change could affect circulation (O’Donnell, 2014b). The most
notable change at WLDS is likely to be an increase in stratification and greater cooling of bottom
waters in summer. This could affect hypoxia, water chemistry and the dynamics of
phytoplankton and zooplankton near the site (Tedesco, et al., 2014).

Central Long Island Sound Disposal Site

Storms — At the CLDS, the disturbance potential from storms (waves and currents) is limited by
fetch and distance from the open coast, and it is likely to be the lowest of the open water
alternatives (see Section 4.4.2, (USACE, 2001)). CLDS is located near the midpoint of the tidal
seiche (the node of the seiche is slightly east of the Race, (Swanson, 1971)) and is situated in the
widest (N-S) section of the Sound so storm-induced tidal exchange is likely to be the lowest of
the alternatives. Several Hurricanes have passed directly over CLDS with limited impact largely
due to the track of the storms (south to north).

Climate Change and Sea Level Rise - Sea level rise is not expected to change circulation patterns
or affect sediment transport dynamics at the CLDS, but regional shifts in wind field intensity and
direction from temperature change could affect circulation (O’Donnell, 2014b). The greatest
impacts from increased rainfall intensity associated with climate change might be due to flooding
in the Connecticut River Valley and discharge into the Sound through the Connecticut River and
Quinnapiac River (CTDEEP, 2010a). Increased seasonal discharge can increase stratification
and affect bottom water conditions (temperature and seston deposition, (ENSR, 2004), (ENSR,
2005d)). Intensification of population pressure and changing climate is predicted to increase
sedimentation and nutrient inputs to the Sound in general (Tedesco, et al., 2014).

Cornfield Shoals Disposal Site

Storms — Although Cornfield Shoals has the strongest near-bottom current speeds of the
alternatives, modeled response to a simulated Hurricane Sandy projected a decrease in bottom
stress from fair-weather (-11%) and storm conditions (-6%) as a consequence of modification of
the circulation (eastward winds reduce west residual flow, (O’Donnell, 2014c). Storms may also
bring substantial rainfall and increased discharge from the Connecticut River (see below).

Climate Change and Sea Level Rise - The greatest impacts from increased rainfall intensity
associated with climate change might be due to flooding in the Connecticut River Valley and
discharge into the Sound (CTDEEP, 2010a). Intensification of population pressure and changing
climate is predicted to increase sedimentation and nutrient inputs to the Sound (Tedesco, et al.,
2014). Cornfield Shoals is located at the mouth of the Connecticut River and will likely change
character if sediment load is increased (larger burden of sediment may create changes in bedload
transport at site).

New London Disposal Site

Storms — Although New London has relatively weak residual near-bottom current speeds,
modeled response to storms was predicted to be as much as 33% higher than fair-weather
conditions (O’Donnell, 2014c). However simulated Hurricane Sandy conditions were predicted
to result in a decrease in bottom stress from fair-weather (-10%) and storm conditions (-30%) as
a consequence of modification of the circulation (eastward winds reduce weak west residual
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flow, (O’Donnell, 2014c)). New London Disposal Site has the potential to be affected by
increased sediment transport from storms but the frequent winnowing of surface material and
development of a lag deposit has reduced erosion of existing dredged material mounds at the
sites (see Section 4.4.2; (AECOM, 2010)).

Sea Level Rise - Sea level rise is not expected to change circulation patterns or affect sediment
transport dynamics at the NLDS, but regional shifts in wind field intensity and direction from
temperature change could affect circulation (O’Donnell, 2014b). The greatest impacts from
increased rainfall intensity associated with climate change might be due to flooding in the
Thames River Valley and discharge into the Sound through the Thames River (CTDEEP,
2010a). Increased seasonal discharge can increase stratification and affect bottom water
conditions (temperature and seston deposition, (ENSR, 2004), (ENSR, 2005d)). Intensification
of population pressure and changing climate is predicted to increase sedimentation and nutrient
inputs to the Sound in general (Tedesco, et al., 2014).

4.3.3 Nearshore/Shoreline Environment Meteorology

The meteorology of the nearshore environment, where the nearshore and shoreline placement
alternative sites are located, is similar to that of the general Long Island Sound setting described
above.

Storms — Little specific information is available on nearshore placement alternative storm risk,
but it is clear that coastal storms are likely to affect nearshore and shoreline placement
alternatives more than other alternatives (CTDEEP, 2010a). Hurricane storm inundation
projections can be used to assess risk at each alternative
(http://ctecoappl.uconn.edu/ctcoastalhazards/).

Climate Change and Sea Level Rise — Inundation maps and sea level rise forecasts for individual
alternatives can be assessed based on updated mapping tools
(http://ctecoappl.uconn.edu/ctcoastalhazards/).

4.3.4 Upland Environment Meteorology

The meteorology of the upland environment, where the upland placement alternative sites are
located, is similar to that of the general Long Island Sound setting described above.

Climate Change and Sea Level Rise — Sea level rise may displace coastal infrastructure inland
but there are no direct expectations of sea level rise flooding upland sites, except at Site 422/423
(which has tidal wetlands present) and Sites 427 and 429, which are near the coastline. Upland
alternatives are at greatest risk from climate change effects on rainfall (intensification of rain
storms, riverine flooding, groundwater levels; (CTDEEP, 2010a)).
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44 PHYSICAL OCEANOGRAPHY
4.4.1 General Long Island Sound Setting

This section describes the physical oceanography (currents, waves, and density structure) of
Long Island Sound in general. Information about the physical oceanography of Long Island
Sound as it relates to placement of dredged material in open-water and nearshore locations was
derived primarily from a recent review of Long Island Sound physical oceanography (O'Donnell,
et al., 2014a). The review synthesizes the results of measurement programs conducted in the
past decade as well as numerous studies conducted since 1956 when the last comprehensive
review was published (Riley, et al., 1956). The review has been supplemented by recent data
collection and modeling in eastern Long Island Sound (O’Donnell (2014b), (2014c)).

The transport, dispersion, and eventual fate of sediment in the marine environment depend upon
the physical characteristics of the sediment and the structure (density, temperature, and salinity
gradients both vertical and horizontal) and dynamics of the water column. The physical
parameters that are important in the transport and dispersion of sediment include currents, waves,
and the density structure of the water column. Currents directly affect the transport and
dispersion of sediment by imparting shear stress to the surface sediments and transporting
suspended sediments. In shallow water, waves can resuspend sediments previously deposited on
the seafloor. These resuspended sediments may then be transported by local currents. The
density structure of the water, relative to the density of the sediment, influences how long the
sediment remains in the water column.

Currents

Currents in Long Island Sound are driven by three distinct processes—tides, density, and wind—
which interact to fashion the overall circulation of the Sound.

Tidal currents are the dominant source of water movement in Long Island Sound. Tidal currents
generally run east-west along the axis of the Sound and are substantially stronger in the eastern
portion of the Sound closest to the open ocean (Figure 4-7). Peak surface tidal currents through
the Race are typically 3.9 ft per second and can exceed 5.2 ft per second during spring tides.
Westward from the Race, tidal current speeds decrease rapidly as Long Island Sound widens.
Tidal currents in the Western and Central Basins are typically 0.7 to 1 ft per second. Bottom
tidal currents are strongest in the eastern region of Long Island Sound, with peak bottom
velocities of 2 to 2.3 ft per second during spring tides, but weaken toward western Long Island
Sound to 0.6 to 0.7 ft per second. Oscillatory tidal currents produce no net transport, but when
they interact with bottom features and the shoreline, residual currents result. Tide-induced
residual flows are much weaker than the tidal currents that drive them, but may be locally
significant and result in net transport of water masses and possibly fine particles. While tide-
induced residual currents are quite significant in the eastern portion of the Sound, bottom
residual currents are weak (less than 0.07 ft per second) throughout the Western and Central
Basins (Signell, et al., 2000).
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Shown are 3-m (9.8 feet) depth (heavy line) and near-bottom depth (light line) for acoustic doppler
current profiler (ADCP) deployments in eastern (a) and western (b) Long Island Sound. Semi-major
and semi-minor axis amplitudes are shown centered at the location of the deployment. Note the
different velocity scales for the two figures.

Figure 4-7. M2 Tidal Ellipses in Eastern and Western Long Island Sound.

The rise and fall of the tide on the continental shelf forces the tides of Long Island Sound
through the Race (tidal forcing through the East River also affects local currents, but its effect on
Long Island Sound as a whole is negligible). The amplitude of the rise and fall of the tides is
increased by a factor of three from the Race to Kings Point in the west (Koppelman, et al., 1976).
The increase in tide amplitude is a result of a resonance between the length of the Sound and the
wavelength of the local semidiurnal (twice a day) tidal wave (Redfield, 1950). This simple
model of the tidal exchange has been shown to be complicated by the shape of the Sound and its
complex bathymetry (Winant, 2007). Further complexity is introduced when lateral tidal forces
(north-south in Long Island Sound) are considered. The dynamics of tidal circulation in the
Sound have been modeled recently using the Regional Ocean Modeling System; the models have
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predicted a clockwise lateral circulation during flood tides and a counterclockwise circulation
during ebb tides (Hao, 2008). These modeling approaches have been largely verified by recent
measurement programs (Bennett, et al., 2010). Bennett (2010) presents results in tables and
figures that can be utilized for assessment of tidal circulation in specific locations in the Sound
(Figure 4-7).

Waves

Orbital (to-and-fro) wave motions are present under all surface waves. They vary with wave
height, being strongest near the surface and weakening with increasing depth below the waves.
In shallow waters, these orbital motions are frequently present near-bottom and may provide
enough energy to resuspend bottom sediments without transporting them. However, once mixed
into the water column by waves, particles may be transported by any net current flow (Signell, et
al., 2000).

Recent measurements of winds at two buoys in western and central Long Island Sound have
revealed that extrapolation from long-term wind records on shore may underestimate wind stress
in open water (O'Donnell, et al., 2014a). The winds in southern New England and the Middle
Atlantic Bight have a distinct seasonal pattern, with monthly mean surface wind blowing to the
southeast in winter and with much lower velocity to the northeast in summer (Klink, 1999);
(Lentz, 2008). Observations in Long Island Sound show a general pattern consistent with these
regional cycles (O'Donnell, et al., 2014a) but much stronger winter winds at central Long Island
Sound than at western Long Island Sound.

The effects of the variable wind patterns (Section 4.3) result in substantial differences in wave
heights between the Western Basin and the Central Basin. Bokuniewicz & Gordon (1980a),
(1980Db) and Signell, et al. (2000) estimated the wave-induced bottom currents using the
predictions of fetch-limited wave models to interpret patterns of sedimentation, but only recently
have direct measurements been available to confirm the models (O'Donnell, et al., 2014a). Six
years of observations of a three-axis directional wave gauge at the central Long Island Sound
buoy and a single-axis sensor in western Long Island Sound revealed patterns in wave heights
related to the direction of wind stress, which vary with season. The most frequent winds are
along-Sound from the west-southwest; under these conditions, wave heights are larger at central
Long Island Sound. During periods of strong winds, the waves in the central Sound can be 3 ft
larger than at the western Sound. In contrast, when the wind stress is from the east-northeast, the
waves’ sizes in the two basins are the same. Strong winds from the south are infrequent in
southern New England, but the wave height at central Long Island Sound increases relative to
western Long Island Sound during southerly winds.

Seasonally, the wave climate in western Long Island Sound is quite different from that in the
central Sound. Waves generally have larger amplitude and longer period in the central Sound,
especially in winter. In contrast, waves in the western Sound are largest when the winds are
easterly (O'Donnell, et al., 2014a). This differential has some consequences for potential wave-
driven sediment transport in the shallower portions of the Sound.

These observations are consistent with fetch limitation theory (Bokuniewicz & Gordon [
(1980a), (1980b)] and Signell, et al. (2000). Locally generated waves tend to be steeper and
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have shorter periods (i.e., the time it takes for successive crests to pass a fixed point) than fully
developed waves propagating in the open ocean. The oscillatory motions beneath steep waves
do not penetrate as deeply as those beneath fully developed waves. When the wind is from the
east, the fetch at both buoys is large and the wave statistics are similar. For all other directions,
the fetch at the western Long Island Sound buoy is much smaller than at central Long Island
Sound, and so are the waves. Potential sediment transport at both sites is largely driven by the
along-Sound wind and waves from the east combining with tidal forcing and storm surge.

Density Structure and Salinity

When freshwater is discharged into salt water, the lighter freshwater can ride above the heavier
salt water, resulting in a vertical density stratification of the water column. Some mixing occurs
as the upper layer of freshwater flows seaward over the landward-flowing lower layer of salt
water (estuarine circulation), producing turbulence at the interface between the freshwater and
salt water. Tidal currents transport the entire water mass up and down the estuary with each
flood and ebb tide cycle. This also causes some mixing between the two layers and results in salt
water mixing upward and freshwater mixing downward. However, the stratification can persist
for many months, resulting in density-driven currents that affect the entire Sound.

The general circulation of the waters in Long Island Sound (which affects water quality and
transport of suspended particles) is strongly influenced by the density structure of the water
column. This is particularly true of longer cycles of circulation; however, vertical gradients in
density can inhibit wind-mixing and drive other short-period events, including lateral transport.
Long Island Sound, like all estuaries, has salinity gradients, hence density gradients, resulting
from the flow of freshwater from rivers and streams interacting with salt water from the Atlantic
Ocean.

Density-driven circulation (estuarine circulation) leads to transport of freshwater to the ocean
and salt water toward land. Density of water in the Sound is controlled by temperature and
salinity; these variables can be measured and mapped to quantify circulation and the density
structure of the Sound at short and long time scales (Figure 4-8 through Figure 4-10). Long-term
data on the temperature and salinity distribution in Long Island Sound have been collected by
CTDEEP (2014c).

The movement and mixing of freshwater in the Sound is further complicated by the presence of
the wind-driven currents and wave-induced mixing, but the exchange of Sound water with ocean
water through the Race results in markedly more saline water in the eastern end of the Sound
relative to the western end. Throughout the year, the lowest salinity is in the western Sound
(25.0 to 27.0 practical salinity units [psu]) and the highest salinity is at the Race (29.5 to

31.0 psu). The change in salinity is generally more abrupt within 12 mi of either end of the
Sound and is more gradual through the central part of the Sound (Figure 4-8). Throughout the
Sound, the lowest levels of salinity occur in May and the highest levels in December. In spring,
the freshet from the Connecticut River and Hudson River (through the Harlem and East Rivers)
drives the largest horizontal gradients, while mixing in the winter reduces the gradient
throughout the Sound (Figure 4-8).
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While salinity stratification persists throughout the year, with typical top-to-bottom differences
of 0.5 to 1 psu and much higher local differences during the spring freshet, temperature
stratification is seasonal (Figure 4-9). The western Sound’s surface waters begin to warm in
April; by June, strong thermal stratification throughout the Sound develops. During the summer
months, thermal stratification of over 5°F (surface-to-bottom temperature differences) is typically
observed throughout most of the Sound (Signell, et al., 2000). In August, bottom waters of
temperature often exceeding 68 F are observed, with surface temperatures over 75 F measured in
some years (CTDEEP, 2012a). A large horizontal temperature gradient has been observed at the
Mattituck Sill that isolates the Central Basin from the Eastern Basin (Figure 4-9) (O'Donnell, et
al., 2014a). By early September, the combined effect of decreasing heat flux and increased
mixing by storms causes the breakdown of thermal stratification, and the water column returns to
a thermally well-mixed state. By December, the temperature falls to between 45F and 50 F,
with the coldest water in the Western Basin (Figure 4-9). Surface ice formation can occur if
atmospheric temperatures remain well below freezing for sufficiently long periods, especially in
protected harbors and embayments.

Combining the effects of freshwater (salinity) and temperature on the density structure reveals a
strong longitudinal density gradient through the Sound throughout the year with stratification in
the summer (Figure 4-10). These gradients maintain an estuarine circulation with a net eastward
surface flow and net westward bottom flow (Wilson, 1976). The lateral density structure (north-
south) has been much more challenging to characterize (O'Donnell, et al., 2014a). Theory
suggests that during periods of weak vertical stratification, the widest areas of the Sound should
have strong lateral gradients (Valle-Levinson, 2008). What is known is that there is a substantial
lateral density gradient in some sections of the Sound in spring and a very weak gradient in
summer (Bennett, 2010); (O’Donnell & Bohlen, 2003). Sound water is persistently fresher in the
southern portion of eastern Long Island Sound despite the discharge of the Connecticut River to
the northern side of the eastern Sound (O'Donnell, et al., 2014a).

Wind-Driven Circulation

Like all water bodies, Long Island Sound responds to the frictional drag of local winds on the
water surface. Strong wind events can set up wind-driven flows and generate surface waves.
Although wind stress drives currents that are generally weaker than tidal currents, it is an
important driving force for the net motions in Long Island Sound and has a marked influence on
water properties attributable to upwelling, downwelling, and vertical mixing. In addition, these
wind-driven flows can be particularly important to sediment transport because they are strongest
when wind stress is greatest (during large storms or hurricanes) and when wave heights are also
at their greatest. These conditions are ideal for the resuspension and transport of bottom
sediments.
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Wind-driven currents are manifest in several forms. Direct wind stress forcing, in shallow water,
drives surface water in the general direction of the wind. In deeper water, near-bottom currents
can flow opposite the direction of wind in response to sea surface slopes resulting from wind set-
up (water “piling up’ along a shoreline boundary). Csanady (1973) observed downwind currents
in shallow margins of the Sound in response to along-axis winds and an upwind counter-current
in the deeper central regions.

Recent research points to this effect in deeper areas of western Long Island Sound. In the
western regions of the Sound, where the bathymetric axial depression is well defined, there exists
a strong deep flow opposite the wind direction (Signell, et al., 2000). If bathymetry gradients are
shallow, such as in the Central Basin, this deep bottom flow is quite weak. During strong west-
wind events (i.e., winds blowing from the west), a bottom flow toward the west occurs, opposite
to the wind, which strengthens the westward density-driven flow. East winds, such as those
generated by passing extra-tropical storms, result in an eastward bottom current response,
opposite the westward density-driven flow, which serves to weaken the westward density-driven
bottom flow. Data from the Eastern Basin have confirmed this pattern, which still results in
velocities that are several times smaller than tidal current velocities (Whitney & Codiga, 2011).

Typical near-bottom currents alone rarely have enough energy to initiate the resuspension and
transport of bottom sediment. However, when waves are large enough and have sufficient
wavelength to impart energy to the seafloor, they can exceed the bottom shear stress value and
resuspend sediments. By themselves, waves will not result in net transport because the to-and-
fro wave motions are essentially closed ellipses, but when a mean near-bottom current velocity is
superimposed on the wave velocities, sediment transport results.

Sediment Suspension and Transport

There are two mechanisms that can result in the transport of dredged material beyond the
boundary of the disposal site. The first is material suspended in the water column during release
from the scow that can be transported away by local currents. Studies have shown that for the
water depths encountered at Long Island Sound disposal sites, dredged material released from a
scow at the surface follows a pattern of convective descent through the water column, drawing
water into the falling body of sediment rather than releasing material before it reaches the bottom
(Ruggaber, 2000). Even for the fine-grained dredged material placed at the Long Island Sound
containment sites, less than 5% of the material is expected to be suspended in the water column
during release (SAIC (1994), USACE (2003)), and only a portion of this would remain in
suspension long enough to be transported beyond the site’s boundaries..

Once the dredged material is deposited, current and wave energy affect its transport and
dispersion. The deep basins of western and central Long Island Sound are covered with fine-
grained deposits and have recorded net accumulation rates ranging from 0.01 to 0.05 inches per
month (Kim & Bokuniewicz, 1991). These areas have low current-induced energy regimes, with
tidal currents between 0.5 to 0.8 ft per second; weak wind-driven currents (less than 0.13 ft per
second), density-driven currents (less than 0.13 ft per second) and tide-induced residual currents
(less than 0.07 ft per second); and little or no wave energy except during very large storms
(Signell, et al., 2000). The finest fraction of sediments entering the Sound may be deposited and
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then resuspended, transported, dispersed, and redeposited many times before ultimately being
incorporated into permanent sediment deposits (SAIC, 1994).

The oscillatory motions beneath steep waves do not penetrate as deeply as those beneath fully
developed waves. For a representative average depth of 98 ft (the average depth of the Western
Basin, including the axial depression), peak wave-induced near-bottom orbital velocities
calculated from linear wave theory would generate bottom orbital velocities from 0.3 ft per
second for the 2-year storm to 0.7 ft per second for the 10-year storm (Battelle and Applied
Coastal Research and Engineering, 2003). Velocities of this magnitude are not sufficient to
cause appreciable erosion (Bokuniewicz & Gordon, 1980a). Model estimates indicate that
bottom orbital velocities of 1.1 ft per second are required to mobilize 0.04 inch of non-cohesive
sediments (Battelle and Applied Coastal Research and Engineering, 2003).

Beyond the predictions and measurements of currents, the empirical record of periodic
bathymetric surveys of the DAMOS Program extending over nearly four decades has clearly
demonstrated the long-term stability of dredged material deposits on the seafloor at the
containment sites in Long Island Sound (Western, Central, and New London). This period of
record has included dedicated surveys following the passage of significant storm events (SAIC,
2003).

4.4.2 Open-Water Environment Oceanography

The physical oceanography of open-water site alternatives has been characterized in a series of
studies (USACE (1996), USACE (2001), USACE (2003)). The results of these site-specific
studies are consistent with more-recent regional measurement programs described above (e.g.,
Bennett (2010), Bennett, et al. (2010), O’Donnell & Bohlen (2003), Whitney & Codiga (2011)).
Information on site characteristics was obtained from a study sponsored by the USACE and EPA
in 2001 (USACE, 2001). That study combined an analysis of data from previous studies and a
major field data collection program in the spring of 2001. The conditions at WLDS and CLDS
described below are derived from these study results; the conditions at CSDS and NLDS are
derived from DAMOS studies of these sites (USACE (1996) and Waddell, et al. (2001)
respectively).

Western Long Island Sound Disposal Site

Currents — At the WLDS, the dominant flow direction measured in the spring of 2001 was nearly
east-west and there was little flow normal to the dominant flow direction (USACE, 2001).
Amplitude decreased with depth, and near-bottom amplitude was less than 0.7 ft-per second.
During the two-month spring deployment period, 70% to 90% of the current variance was due to
the tide, with nearly 90% of the near-bottom current variance in the direction of the long axis of
the Sound due to tides (labeled as “WLIS’ in Figure 4-7). The year-long current meter
deployment reported by Fredriksson & Dragos (1996) revealed periodic strong near-bottom
flows to the west-southwest caused by the combining of the ebb tide with a west-southwestward
flow associated with wind stress and, to a lesser extent, the density gradients. While near-bottom
peak ebb and flood tides run from 0.7 to 1 ft-per second, flows directed to the west-southwest
run as high as 1.3 to 1.5 ft per second for 2% of the time and 1.1 to 1.3 ft per second for 5% of
the time, with flows as high as 1.6 to 1.8 ft- per second recorded on occasion. These results are
consistent with the two-month measurement from the spring of 2001 of 1.4 ft-per second peak
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near-bottom current (6.6 ft above the bottom) and also with a month-long current meter
deployment inside the boundaries of WLDS completed in January 1982 under the DAMOS
program (Morton, et al., 1982). A current meter deployed in that study 4.9 ft above the bottom
recorded a peak flood event of 1.5 ft-per second associated with winds in excess of 30 knots
(50.6 ft-per second). Fredriksson & Dragos (1996) and Morton, et al. (1982) reported a net west-
southwestward flow (long-term mean) of 0.05 to 0.18 ft-per second indicative of the density-
driven estuarine circulation.

Waves — The wind fetch at WLDS is limited by the semi-enclosed nature of Long Island Sound,
which limits the wave heights that can be developed at the site by winds from directions other
than the northeast (along the axis of the Sound). Considering that winter storms can produce
powerful winds from the northeast (nor’easters), the potential effect of waves generated by them
must be taken into account despite the otherwise limited fetch for the site. Few wave
measurements are available at or near WLDS. The two-month record of waves made in the
spring of 2001 at a station within WLDS (USACE, 2001) recorded 6.5-ft high waves (significant
wave height) with 4- to 6-second periods associated with a 19-knot wind event (winds from the
east). Near-bottom peak orbital wave velocities measured at a 118-ft depth in the axial
depression reached only 0.07 ft per second. In addition to this short-term measurement program,
a 12-year record of wind data from the Buzzards Bay Tower was analyzed for the period July
1985 to February 1994 and May 1997 to March 2001 to develop wind climatology for the region
(EPA, 2004). Using these data, wave height and period were determined for various wind
conditions experienced in the Sound using a simple fetch-and-duration wave model (EPA, 2004).

The prevailing direction of waves in the region followed the prevailing wind directions, from the
north and northwest in fall and winter (with occasional northeast events) and from the southwest
in spring and summer. The data showed that a northeast storm with a return period of two years
will generate waves of 9 ft with a 6-second period over the WLDS alternative site. Storms with
a return period of 10 years will generate 11-ft waves with a 6.6-second period over the site. The
short period relative to wave height is indicative of locally generated, fetch-limited waves. The
waves reported from spring 2001, with a peak wave height of 6.5 ft, represent storms that can be
expected several times a year (USACE, 2001).

Sediment Suspension and Transport — The oscillatory motions beneath steep waves do not
penetrate as deeply as those beneath fully developed waves. For a representative average depth
of 98 ft (the average depth of the WLDS alternative, including the axial depression), peak-wave-
induced near-bottom orbital velocities calculated from linear wave theory for the 2- and 10-year
storms would generate bottom orbital velocities of 0.3 to 0.7 ft-per second, respectively.
Velocities of this magnitude are not sufficient to cause appreciable erosion (Bokuniewicz &
Gordon, 1980a). Model estimates indicate that bottom orbital velocities of 1.1 ft-per second are
required to mobilize 0.04 inch of non-cohesive sediments (Battelle and Applied Coastal
Research and Engineering, 2003).

Central Long Island Sound Disposal Site

Currents — Surface, middle, and bottom currents were measured at the CLDS in the spring of
2001 (USACE, 2001). Average peak ebb and peak flood currents ran 0.7 to 1 ft-per second
(depth-averaged), with the spring tides about 20% to 40% stronger. The dominant flow direction
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was nearly east-west, and there was little flow normal to the dominant flow direction. Amplitude
decreased with depth and near-bottom amplitude was less than 0.8 ft-per second. During the
two-month spring deployment period, 50% to 95% of the current variance was due to the tide,
with 96% of the near-bottom current variance in the direction of the long axis of the Sound due
to tides.

The two-month current meter deployment observed a peak near-bottom flood event of 1.5 ft-per
second associated with winds in excess of 30 knots (50.6 ft-per second). Also observed was a
net west-southwestward flow (long-term mean) of approximately 0.08 ft-per second indicative of
the density-driven estuarine circulation.

Waves — The wind fetch at CLDS is limited by the semi-enclosed nature of Long Island Sound,
which limits the wave heights that can develop at the site. This is particularly true for winds
from directions other than the east and northeast (along the axis of the Sound). Considering that
winter storms can generate powerful winds from the northeast (nor’easters), the potential effect
of waves must be take into account despite the limited fetch. Few wave measurements are
available at or near CLDS. A two-month record of waves made in the spring of 2001 at a station
within CLDS recorded 5-ft high waves (significant wave height) with 4- to 6-second periods
associated with a 19-knot (32 ft per second) wind event (winds from the east). Near-bottom peak
orbital wave velocities measured at a 69-ft depth reached approximately 0.3 ft-per second. This,
however, represents a very short record of potential wave activity. Therefore, the 12-year record
of wind data from the Buzzards Bay Tower was analyzed as described for WLDS (EPA, 2004).

The prevailing direction of waves in the region follows the prevailing wind directions, from the
north and northwest in fall and winter (with occasional northeast events) and from the southwest
in spring and summer. The data show that a northeast storm with a return period of two years
will generate waves of 8.0 ft with a 5.5-second period over the CLDS alternative site. Storms
with a return period of 10 years will generate 10-ft waves with a 6.1-second period over the site.
The short period relative to wave height is indicative of locally generated, fetch-limited waves.
The waves reported in the spring of 2001, with a peak wave height of 5 ft, represent storms that
can be expected several times a year (USACE (2001), EPA (2004)).

Sediment Suspension and Transport — The oscillatory motions beneath steep waves do not
penetrate as deeply as those beneath fully developed waves. For a representative average depth
of 68 ft, peak-wave-induced near-bottom orbital velocities calculated from linear wave theory for
the 2- to 10-year storms would generate bottom orbital velocities of only 0.6 to 1 ft-per second.
Velocities of this magnitude are not sufficient to cause significant erosion (Bokuniewicz &
Gordon, 1980a). Model estimates indicate that bottom orbital velocities of 1.1 ft-per second are
required to mobilize 0.04 inch of non-cohesive sediments (Battelle and Applied Coastal

Research and Engineering, 2003).

Cornfield Shoals Disposal Site

Oceanographic studies have been conducted at the CSDS alternative by the University of
Connecticut. In 1991, hydrodynamic data were collected by the university within the CSDS
(USACE, 1996). Measurements were collected from mid-depth and near-bottom using fixed-
point water velocity sensors. The mid-depth sensor was deployed from August to October 1991,
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and the near-bottom sensor was deployed from July to October 1991. Some additional data
available from the region were presented in a technical report (Battelle and Applied Coastal
Research and Engineering, 2003). Studies to support designation of an open-water site in eastern
Long Island Sound conducted in 2014 included additional characterization of the current and
wave fields in the vicinity of CSDS (O’Donnell, 2014b).

Currents — The mid-water and near-bottom current meters deployed at CSDS measured current
direction and velocity from August 1 to December 12, 1991. In both the mid-water and the near-
bottom data, the tidal/current direction was dominated by the semi-diurnal east-west component.
The east-west directions for both mid-water and bottom currents were parallel to the axis of
Long Sand Shoal near the mouth of the Connecticut River (MO5 in Figure 4-7).

The current velocities at CSDS were highest during the flood portion of the tidal cycle. Over the
long term (monthly time scale), maximum mid-water velocities were about 3.9 ft per second on
the spring tide and 2 ft per second on the neap. Near-bottom maximum velocities were about 2.6
ft per second on the spring tide and 1.3 ft per second on the neap. In all cases, these current
velocities would be sufficient to erode fine to medium sands (USACE, 1996). For the near-
bottom current, the flood tide velocities were highest. This resulted in a net westward trajectory
for particles as they approached the bottom. With the tidal variability removed from the current
meter data at the mid-water station, current vectors trended north and west. The combined net
drift for the mid-water current was 305° true at 0.15 ft per second. For the near-bottom meters,
removal of the tidal variability resulted in a south and west component with a combined net drift
of 256° true at 0.27 ft per second.

Waves — No wave data were collected at CSDS in the programs reviewed above.

Sediment Suspension and Transport — Sediment transport was not modeled for the CSDS site as
part of the 2003 study (EPA, 2004). However, during the current meter deployment at CSDS,
two major storms passed over the area (USACE, 1996). Hurricane Bob passed over Long Island
Sound on August 19, 1991, and produced maximum wind speeds of 45 knots. During the
hurricane, the near-bottom current meter was on its side, and data were not obtained; the data
from the mid-water meter showed that the mid-day flood velocity was reduced by more than
half. The succeeding flood tide current was normal. The near-bottom current meter was
operational between August 28 and September 26, 1991, and again between October 21 and
December 12, 1991. At the end of October 1991, a major storm occurred that lasted 114 hours
with sustained winds of 40 knots over October 30 and 31. The National Weather Service
determined this to be a 100-year storm; therefore, the potential for erosion could have been high.
During this “Halloween” storm, the current meters showed no change in current strength, yet
change did occur in the net drift. The mid-water drift, normally 305°true, shifted to the west and
then south for three days. The near-bottom current net drift, normally 256° true, shifted to the
west. The combined effects of the October storm were to produce an offshore displacement in
the mid-depth waters, and shoreward displacement of bottom waters, intensifying the rate of
upwelling in the area.
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Bathymetric and sediment profile imaging surveys at CSDS have documented bed-load transport
of sand-size material and the persistence of consolidated fine-grained material placed at the site
(USACE (1996), ENSR (2005a)).

New London Disposal Site

Measurements of currents and waves were collected for two seasons at NLDS (Waddell, et al.,
2001). In late summer (September and October 1997), current velocity was measured 3.3 ft off
the bottom. Bottom-mounted pressure measurements were used to characterize pressure
conditions generated by local wind-wave conditions. Optical backscatter (OBS) observations
were made 8 inches and 30 inches above the local bottom to estimate near-bottom suspended
material concentrations and profiles. During the winter season (January and February 1998),
when dredged material placement took place, this suite of instruments was supplemented with an
acoustic doppler current profiler (ADCP) placed on the bottom in the northwest corner of NLDS,
in approximately 59 ft of water and adjacent to the near-bottom current meter. The ADCP
provided detailed current profiles between approximately 10 ft and 46 ft below the water surface.
During a two-day cruise at the end of January 1998, a ship-based ADCP provided vertical
velocity profiles along east-west and north-south transects across NLDS. During winter and
summer deployments, wind velocity and atmospheric pressure measurements were obtained
from a meteorological station maintained by the University of Connecticut at Avery Point
located approximately 3 mi north of NLDS. More-recent data were also collected by O’Donnell
(2014b).

Currents — Measurements showed the background near-bottom current speeds to be in the range
of 0.07 — 0.5 ft per second, depending on the conditions. During the occasional larger wave
events at NLDS, the maximum (instantaneous) wind-wave-induced bottom current speeds would
be expected to be in the range of 0.33 — 0.7 ft per second, depending on wave height and period.
In contrast, approximately 3 ft off the bottom, currents associated with the semidiurnal lunar
(M2) tidal constituent varied regularly between 0.26 — 0.82 ft per second over the 12-hour, 25-
minute tidal period. At 10 ft below the water surface, the M2 tidal current speeds varied between
0.26 ft per second and 1.5 ft per second.

In the northwest corner of the placement area, near-bottom current velocities (speed and
direction) were measured at 56 ft below the water surface approximately 3 ft off the bottom
(Waddell, et al., 2001). Maximum measured speed at this height was 2 ft per second directed
toward the east-northeast (60°-90°). This direction class contained nearly 30% of the summer,
near-bottom current measurements and all current speeds in excess of 1 ft per second. The mean
current speed was 0.63 ft per second for the entire record, while the mean east/west vector
velocity was 0.17 ft per second toward the east and the north/south mean vector velocity was
0.03 ft per second toward the north. Approximately 60% of the measured currents had speeds
that were less than 0.66 ft per second.

Profiles of low-frequency currents showed that the current directions rotated counterclockwise
with increasing depth below the water surface. A similar pattern was seen for the profile of
average velocity vectors. Maximum current speed measured by the bottom-mounted ADCP (2.8
ft per second) was recorded near the water surface. At 3.3 ft above the bottom, the maximum
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measured speed was 1.8 ft per second, representing a strong low frequency current close to the
water-sediment boundary.

Ship-based ADCP surveys showed that the magnitude and direction of currents over the
placement site varied over a tidal cycle as well as between the near surface and near bottom
(Waddell, et al., 2001). Generally, the bottom currents were oriented counterclockwise from the
surface; however, at times there was little vertical direction difference. Spatial differences in
near-bottom current speeds may reflect the influence of local bathymetry as well as variations in
the influence that Fishers Island may have on flow in different portions of NLDS.

Waves — The NLDS placement site is generally protected from longer-period oceanic swell
(wave energy); as a result, significant wave height was generally low. Local wave generation is
limited due to fetch, in particular for wind from the northwest clockwise to the east-southeast.
The longest potential fetch is for winds from the west-southwest blowing down the main
longitudinal axis of Long Island Sound. During the late summer measurements, significant wind
and wave events were limited in magnitude. Wind speeds were generally less than 33 ft per
second. Similarly, local wind wave events (those that clearly stood out over the background)
could be defined as intervals when significant wave heights exceeded 2 ft, a relatively low wave.
While several such events occurred, significant wave heights were generally less than 3 ft with
short periods.

During the winter deployment, significant wind speed events correlated well with decreasing
local atmospheric pressure and the passage of fronts. Maximum wind speeds were seldom over
49 ft per second. Episodes when the significant wave height rose above the background were
weak but generally correlated with local wind events associated with migrating atmospheric low-
pressure systems.

Sediment Suspension and Transport — Generally, the OBS records did not show significant
resuspension or local backscattering maxima in conjunction with local wave height increases.
Approximately semidiurnal variations in the absolute value of the OBS signal correlated well
over the 1.8-ft vertical sensor separation. Typically, the sensor closest to the bottom had slightly
higher OBS values, which might be expected if a bottom gradient existed.

Maximum current speeds measured by the in-situ ADCP reached 1.8 ft per second at 3.3 ft above
the bottom. Such relatively high speed currents near the bottom could have a substantial
influence on the nature of local sediment transport, in particular for finer fractions. The twice
daily M2 tidal currents can provide a mechanism for “winnowing” finer material so that coarser
material and shell fragments tend to dominate the sediment-water interface. This build-up tends
to insulate remaining fine material from bottom stress and hence “armor” or protect the
remaining sediments from erosion (Waddell, et al., 2001). This would be particularly effective
protection against storm-induced erosion because the measured wind-wave stress was generally
so much less than the daily tidal excursion. The presence of armoring deposits over the surface
of several historic and relic placement mounds at NLDS has been confirmed by numerous
sediment-profile photography surveys (e.g., AECOM (2010)).
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4.4.3 Nearshore/Shoreline Environment Oceanography

There is little specific information available to characterize the nearshore conditions.
4.4.4 Upland Environment Oceanography

Oceanography is not applicable to the upland environment.

4.5 SEDIMENT/SOIL QUALITY, CONTAMINANTS, TOXICITY,
BIOACCUMULATION

The U.S. Department of Agriculture (USDA) defines terrestrial soil quality as its “fitness” and
“function” to sustain biological diversity; to regulate water and solute flow; to filter, buffer, and
degrade organic and inorganic materials; to cycle nutrients; and to provide physical stability and
support (USDA, 2009). Agquatic sediment quality can be defined similarly, but with a different
geohydrological setting. In summary, quality sediments and soils are free of contamination and
serve ecological function. Some chemical components are essential for biological functioning at
the microbial and macrofaunal level, others are inert to biological systems, and some chemicals
may be taken up by aquatic life or bioaccumulate with adverse effects (e.g., mercury). The
sediment condition can affect species diversity and abundance and can have food web
implications.

Sediment and soil substrates occur across a spectrum of habitat types, and many intersect with
dredging programs either at excavation or placement locations. In this respect, the affected
environment considers coastlines and embayments, estuaries where dredging may occur, and
offshore, coastal and upland areas where the material may be placed.

Sediments are a natural sink for particulates that settle from the overlying water column.
Particulates may add a variety of chemical constituents to the accumulating sediment, either
sorbed onto or incorporated within the particles. As sediment accumulates, biogeochemical
processes proceed and sediment diagenesis takes place (Berner, 1980). Equilibrium partitioning
theory suggests that rather than bulk sediment, the interstitial fluid chemistry can be the most
important determinant of biological effect and that toxicity is directly proportional to interstitial
water chemistry (Di Toro, et al., 1991). A common example resides in the binding of trace
metals like mercury by sedimentary sulfide. In this case, the presence of highly toxic and
bioaccumulative metals may have little or no effect on measured biological systems because it is
tightly bound and essentially inert within the sediment matrix as an insoluble metal-sulfide.
Acid-volatile sulfide (AVS) is a common measure of sedimentary sulfide, and these data are
common in many program study areas.

Offshore areas tend to be more homogeneous, with lateral changes more gradual, in comparison
to coastal areas where surface substrate is often more heterogeneous and lateral changes can
occur over a relatively short distance. Coastlines are more easily reshaped, as evidenced by
recent hurricanes (e.g., Hurricane Sandy), and material from dredging programs is increasingly
used to implement coastal and nearshore restoration projects and to improve the resiliency of
coastlines. In fact, all of the Harbor Estuary Programs situated within the program area are
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currently assessing or are developing plans to address climate change vulnerability (EPA,
2014a).

Addressing the quality of sediment and soil poses a significant challenge for several reasons:

e Sediments and soils are marked by a significant degree of natural variability and support
a diverse range of habitats;

e Common (anthropogenic) contaminants may be naturally enriched in some areas; and

e Contaminant enrichment does not consistently result in a reduction in substrate
functionality or biological impact.

For these reasons, sediment quality assessments often collect a wide range of environmental data
types. An evaluation of particle size and organic carbon content (i.e., total organic carbon
[TOC]) is an important first step in evaluating the sediment type. Sediment grain size is also
related to the hydrodynamic environment in which the sediments are found; coarser-grained
deposits are found in nearshore and higher-energy environments, while finer-grained deposits are
found in deeper, lower-energy environments. Fine-grained sediments also tend to accumulate in
protected coastal bays and harbors where tributaries flow into the Sound.

These characteristics of texture and TOC provide context for chemical/geochemical data and
chemical “signatures,” and for the biological species that may be present. Texture and organic
content are important sediment characteristics. They provide context for further discussion of
sediment chemical and biological indices and play a large role in the suitability of sediment as
habitat for benthic organisms. They have a strong influence on the fate, transport, availability
and uptake, and toxicity of contaminants. Runoff from watershed drainage, land use, and
geology influence the composition of sediment. Toxicity testing and bioaccumulation bioassays
can also contribute important insights in assessing sediment and soil quality, since some
sediment components can often mitigate contaminant load and prevent biological uptake.

Many of these data types are available within the program area, particularly in the offshore
placement areas which have been studied extensively by the USACE and the EPA (e.g., EPA
(2004)). These alternative areas will be discussed in greater detail to provide a broad view of
central Long Island Sound sediment conditions along an east-west axis.

Important studies and ongoing programs that provide a basis for existing conditions include the
Long Island Sound Study (e.g., NEIWPCC (2012)); the National Status and Trends Program
(NS&T), including the Mussel Watch and the Benthic Surveillance Program (e.g., Harmon, et al.
(1998)); EPA’s National Coastal Condition Assessment Program (EPA, 2008); and numerous
other studies supported by the EPA, the USACE, and the U.S. Geological Survey (USGS) (e.g.,
EPA (2004); ENSR (2002), (ENSR, 2005b), (2007); AECOM (2009); Myre & Germano (2007);
Knebel & Poppe, (2000); Mecray & Buchholtz ten Brink (2000), Mecray, et al. (2000), USGS
(2013), Latimer, et al. (2014)).
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45.1 General Long Island Sound Setting

Within Long Island Sound, sandy silt/clay dominates the areas of the Western and Central Basins
of the Sound and in harbors on the north shore (Figure 4-3). Coarser silty sand and sand
dominate the shoal complexes that separate the depositional basins and the Eastern Basin.
Organic carbon and sediment grain size parameters are typically correlated with one another, and
in Long Island Sound, the amount of sedimentary TOC decreases with increasing grain size, with
an average of more than 1.9% dry weight (dw) in sandy clay/silt and less than 0.4% in sand
(Hunt (1979); Poppe, et al. (2000)). In general, TOC content increases toward the west and from
the shallow margins to the deeper parts of the Long Island Sound basin (Hunt (1979); Poppe, et
al. (2000)). The highest levels (greater than 3% dw) were recorded in the deepest parts of the
Western Basin. Moderate levels (1 to 2% dw) were recorded in the Central Basin and in New
Haven Harbor, and the lowest levels (<0.5% dw) were recorded in the Eastern Basin.
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Again, fine-grained sediment is naturally enriched with metals relative to sandy sediments, trace
organic compounds can be enriched to a greater degree when the corresponding TOC content is
increased, and these general patterns hold true for the sediments of Long Island Sound. Based on
these factors, the texture associated with dredged material also influences decision-making
regarding suitability, depending on how it is used (e.g., habitat restoration, capping, etc.).

Long Island Sound Sediment Chemistry

Riverine inputs play an important role in the transport and distribution of sediments within the
Sound. The primary rivers that enter Long Island Sound—the Housatonic, Connecticut, and
Thames Rivers—flow from the north (Figure 4-11). Smaller coastal watersheds drain into Long
Island Sound (the Southwest, South Central, and Southeast Coastal watersheds) (Figure 4-11).
The East River, which is actually a tidal strait, forms the western end of Long Island Sound and
passes through the metropolitan area of New York City. The East River connects to the Hudson
River through the Harlem River to the north and southern Manhattan to the south. These
primary rivers drain agricultural, urban, and industrial lands from a watershed that extends into
Canada (Varekamp, et al., 2014). This watershed has a long history of industrial discharge, but
the loss of most of these industries overseas and improvements in industrial practices required by
water and air pollution regulations adopted since the early 1970s have in many cases reduced the
load of industrial contaminants to Long Island Sound. However, residual historical
contamination remains, particularly in industrialized harbors, nearshore areas, and upland areas.
This residual contamination, combined with modern runoff from a densely populated region,
continues to supply contaminants to Long Island Sound.

Severe storm events can also affect sediment contaminant loads. Based on results from core
studies, a spike in contaminants occurred in flood deposits in central Long Island Sound
following two hurricanes in 1995 (Varekamp, et al., 2014). Superstorm Sandy in October 2012
may have increased runoff and sediment transport in shallow regions and may have altered
contaminant levels in various areas within the Sound.

Nutrients in Sediments

Organic matter entering Long Island Sound waters from both natural and anthropogenic sources
often ends up incorporated into the surficial sediment layer. Once part of the sediment, the decay
of this organic matter releases nitrogen and other nutrients to the overlying waters. Estimates for
the various sources of nitrogen loading to the Sound are summarized from Latimer et al. (2014)
as shown in the text box below. Jones and Lee (1981) present an average sediment total nitrogen
concentration of 1.55 g nitrogen per kg of sediment for a series of coastal water sites that
included several Long Island Sound harbors. Using this average concentration, the amount of
nitrogen potentially released during placement of dredged material at open water sites in Long
Island Sound was estimated at less than one tenth of one percent of the overall annual nitrogen
loading to the Sound. This estimate is considered conservative (over predicting the amount of
nitrogen released) based on the following:

e The release rate used in the calculation (1%) was developed for hydraulic dredging and is
considered an over prediction for scow disposal of mechanically dredged sediment (from
(Jones & Lee, 1981)).
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The total amount of annual dredging estimate includes some component of over dredging
or improvement dredging. This would remove native glacial outwash and till deposits
that typically lie beneath the surficial sediment and that have much lower nitrogen (and
other nutrient) concentrations than surficial sediment.

Calculation of Potential Contribution of Aquatic Placement
of Dredged Material to Long Island Sound Nitrogen Loading

Background on nitrogen loadings to LIS (from Latimer et al., 2014)
Loading Type | Amount (kgN/yr)
Waste Water Treatment Plant

2011 22,338,000
TMDL goal 14,563,500
Wet atmospheric to watershed
2009 | 15,000,000
Direct atmospheric to LIS
2009 | 2,500,000
Ground water to LIS
Long Is. NY 750,000
CT no data
CT rivers
2008 17,000,000
Total using the 2011 WWTP loading 57,588,000
Total using the TMDL goal 49,813,500

Estimated nitrogen release from dredged material placement
Average total N in dredged material (Jones & Lee, 1981)
0.00155 ‘ gN/kg dry weight of sediment
Average annual dredging of silt in LIS (from USACE NAE)
871,690 | m3/yr wet volume
557,881,344 | kg/yr dry weight
Total N in dredged material
864,716 | kg N contained in annual dredged material
8,647 | kg N released to water column*
Calculation of N loading increase due to release from dredged material

placement
As a % of 2011 conditions 0.015%
As a % assuming TMDL conditions 0.017%

*estimate N lost to water column during placement (conservatively at 1% from (Jones & Lee,
1981))
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Further, the dredging process scrapes a relatively thin layer of surficial sediment from a wide
area, and aquatic placement consolidates that volume of sediment into a much smaller footprint.
Hence, much of nitrogen that was available for potential future release from surficial sediment
(due to biological reworking or physical disturbance in the shallower environment) is
sequestered out of contact with the water column in deposits that have been shown to be stable
features on the seafloor.

Metals in Sediments

Metals affect biological function in different ways (i.e., are not equally toxic) and exist naturally
at very different concentrations, ranging from parts-per-billion (ppb) mercury concentrations to
parts-per-million (ppm) lead concentrations. Therefore, from a quality perspective, studies of
metals in sediments typically focus on a subset of priority trace metals; furthermore, given the
strong affinity/correlation between aluminosilicates and the heavy metals, sedimentary trends
measured for a few often correlate to many of the other heavy metals.

Sediment quality guidelines (SQGs) are often used as a screening tool to conduct a first-level
assessment of potential concern. These guidelines are statistically based on a wide range of
biological effect measurements. They include low-probability-response values such as Effects
Range-Low (ERL) values and concentrations with a higher probability of effect, such as Effects
Range-Median (ERM) values (e.g., Buchman (1999)).

Table 4-3 provides an example of the range in concentrations (expressed in micrograms per gram
[ug/g]) observed for nine metals within Long Island Sound surface sediments (within the upper
1 inch) and includes SQG values for comparison (ERL and ERM values). The sediment lead
data associated with Table 4-3 is also provided graphically in Figure 4-12. In general,
concentrations increase from lower levels in eastern Long Island Sound to higher levels in the
more urbanized western Long Island Sound, which is consistent with many other studies in the
area (e.g., Hunt (1979); Brownawell, et al. (1991); Mecray & Buchholtz ten Brink (2000);
Mecray, et al. (2000); Mitch & Anisfeld (2010); Varekamp, et al. (2014)). Contaminant
concentrations tend to be patchy within the Sound, varying among shoal complexes and in the
central depression that runs from east to west through the Sound (Mecray, et al. (2003)).

Table 4-3. Long Island Sound Mean and Maximum
Surface Sediment Metal Concentrations (0 to 1 inch)™.

Concentration | Ag | Cu [ cd | Hg | Pb | zn | cr | Ni [ As
Values ng/g

Mean 1.5 117 2 0.7 83 160 78 26 6

Maximum 10.1 | 7720 | 35 | 17 | 3284 | 4800 | 2000 | 665 | 61
Background 0.05 8 0.2 0.1 23 68 59 25 2.5
Mean EF 29.8 14.6 9.9 6.5 3.6 2.4 1.3 1.0 2.5
ERL 1.0 34 1.2 0.15 46.7 150 81 20.9 8.2
ERM 3.7 270 9.6 0.71 218 410 370 51.6 70

!Bolded values exceed ERL SQGs; underlined values exceed ERM SQGs (NOAA (1999)).
EF: enrichment factor
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Metal enrichment factors (EFs) provide a possible way to understand if metal concentrations are
enhanced above natural levels due to anthropogenic factors. Mecray & Buchholtz ten Brink
(2000) reported EFs for metals based on mean values in surface sediment compared to
background levels derived from sediment cores that sampled preindustrial sediments. Silver was
the most highly enriched metal, followed by copper, cadmium, and mercury; in contrast, nickel
was not enriched. Moreover, the distribution patterns of the most highly enriched metals could
be associated with discrete pollution sources such as industry in the Housatonic River basin
(copper, mercury, zinc, and chromium), urban sources in the East River (silver and mercury),
and wastewater treatment facilities (silver) (Varekamp, et al. (2014)).

In general, silver, cadmium, copper, mercury, lead, zinc, and nickel mean concentrations exceed
ERL values, but not ERM values within the Sound. Chromium, arsenic, vanadium, and barium
concentrations were below corresponding ERL concentrations in this assessment (Varekamp, et
al. (2014)).

Compared to national sediment metal concentrations, the median Long Island Sound sediment
data (1996-2006) were generally higher (Table 4-3) (Mitch & Anisfeld, 2010). Another
statistical benchmark calculated for the national dataset considers the statistical percentile, based
on an ordering of samples by concentration. For example, samples with concentrations above
the 85" percentile are within the top 15% nationally, on a concentration basis. Of the 11 metals
measured for both western and central Long Island Sound, 8 had mean concentrations greater
than the 1996 NS&T 85™ percentile for metal samples. In the Eastern Basin, seven metals had

mean concentrations that were above the 85" percentile.
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Figure 4-12. Lead Distributions in Surface Sediments (0 to 1 inch)
of Long Island Sound, 1996-1997.

The general pattern of high metal concentrations in Long Island Sound sediments is accentuated
in harbors and embayments of Connecticut and Long Island (Varekamp, et al. (2014); Mitch &
Anisfeld (2010); Breslin & Safiudo-Wilhemy (1999)). For example, harbors in the Western
Basin have, on average, higher concentrations of copper and zinc than harbors in the Central
Basin or Eastern Basin (Table 4-4) (expressed in milligrams per kilogram [mg/kg]). Most
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harbors have variable sediment characteristics and highly variable metal concentrations, although
many of the harbors have similar mean values compared to the basins they influence. The
maximum levels in coastal bays, notably for silver and mercury, were measured at much higher
concentrations than the maximum levels measured in the basins (Mitch & Anisfeld, 2010).
Copper and zinc tended to exceed ERL SQGs within most embayments and basins that
represented fine-grained, depositional environments, but only the harbors tended to exceed ERM
SQGs. The harbors with the highest contaminant concentrations have well-identified historical
sources, and the higher ranges are typically associated with hot spots having fine-grained
sediments and high organic content (Varekamp, et al. (2014)).

Organic Contaminants in Sediments

As with metals, biological sensitivities vary among trace organic compounds, and SQGs provide
a useful tool for evaluating the potential significance of various sedimentary compound
concentrations. In the case of trace organics, there is a strong relationship between compound
concentrations and sedimentary TOC content, and screening SQG limits are often based on
sediment TOC. With respect to the accumulation of organic compounds in biological tissues,
trace organic compounds preferentially are partitioned to and accumulate in fatty (lipid) tissue.

Recent reviews of organic contaminants (PAHs, PCBs, and chlorinated pesticides) in Long
Island Sound sediments have evaluated data compiled by the USGS for 1975-2000 (Mecray, et
al. (2003); VVarekamp, et al. (2014)) and from various sources between 1994-2006 (Mitch &
Anisfeld, 2010). The data available for sedimentary organic contaminants are generally less than
that available for metals.

Table 4-4. Comparison of Copper and Zinc Concentrations in
Connecticut Harbors with Previously Published Data and SQGs.

Copper (mg/kg) Zinc (mg/kg)
Harbor Area | Stations| Range | Mean |Median Range Mean | Median
New London East n=35 | 3.2-252 62 61 10.0-642 156 165
Clinton Central n=14 0.4-49 22 13 10.1-247 108 70
Branford Central n=18 | 17.2-148 67 67 35.7-274 159 156
New Haven Central | n=128 | 6.3-405 82 74 7.5-463 151 146
Milford Central n=11 | 19.9-104 67 70 37.0-236 147 161
Housatonic River Western | n=31 | 6.3-685 146 93 11.3-517 159 104
Bridgeport Western | n=26 | 18.5-491 | 182 146 5.6-677 234 196
Norwalk Western | n=30 | 6.9-218 99 98 33.0-387 174 170
Eastern Long Island Sound - n=302 | 2.8-96 53 - 23.5-186 110 -
Central Long Island Sound - n=323 | 8.6-185 84 - 43.3-221 137 -
Western Long Island Sound - n=453 | 14.8-216 | 116 - 39.2-315 183 -
Natural Background - - - 8 - - 68 -

!Bolded values exceed ERL SQGs; underlined values exceed ERM SQGs (NOAA (1999)).
Source: Varekamp, et al. (2014).
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In general, the concentrations of total PAHSs (as the sum of 23 commonly measured compounds)
were quite low in the Eastern and Central Basins compared to the corresponding ERL SQG, with
the exception of three samples near the CLDS and those samples collected in harbors and
embayments in Connecticut (Figure 4-13). Higher sediment PAH concentrations were measured
in the Western Basin and bays and in embayments and harbors. If the NS&T Program sample
set is treated statistically, then the concentrations associated with most of the samples collected
from the Western Basin and bays fall above the 85" percentile (among the highest 15%
nationally), and many exceeded the ERL (Long & Morgan, 1991). Furthermore, a few samples
from the East River and Narrows exceeded the higher ERM SQG for total PAHS.

Mitch & Anisfeld’s (2010) compilation of more-recent (1994 through 2006) Long Island Sound
bay and open-water sediment data (Table 4-5) found PAH trends similar to those reported from
the USGS (1975-2000 data) (Mecray, et al. (2003); Varekamp, et al. (2014)), but with lower
concentrations. Fewer stations contained PAH concentrations above the national 85th percentile,
and the median PAH concentration for Western Long Island Sound (of 880 nanograms per gram
[ng/g]) was lower than the earlier USGS finding (1975-2000 data compilation) (Mecray, et al.
(2003); Varekamp, et al. (2014)). Although the median PAH concentration was highest in the
Western Basin, the highest individual concentrations were measured in the Central Basin,
followed by the Eastern Basin in this recent work, most likely in coastal bays and river estuaries
in close proximity to sources and localized hot spots.
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Figure 4-13. Total PAH Concentrations in Long Island Sound Surface Sediments.

Statistically, Mitch & Anisfeld (2010) found no significant difference in the medians of
concentrations for PAHs between embayments and open water for Long Island Sound, although
the maximum values within the dataset were much higher in embayment areas. This lack of
significance may represent a sampling bias, since 52% of the analyzed sediments were collected
from western Long Island Sound, where basin concentrations are higher than central and eastern
offshore areas (see Figure 4-13).
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PCBs in sediments collected from eastern and central Long Island Sound between 1975 and 2000
are distributed in a pattern similar to PAHs. On a total PCB basis, the sediment PCBs in these
areas are generally below the corresponding PCB ERL SQG, with the exception of a few
samples south of CLDS and in some nearshore areas and embayments (Mecray, et al. (2003);
Varekamp, et al. (2014)). Some bay and river samples collected from the northern coast of Long
Island Sound and in the Western Basin and bays contained total PCB concentrations that were
above the corresponding ERM SQG (Varekamp, et al., 2014). The PCB content in one sample
from the Mystic River and in samples from the East River were extremely high, exceeding

500 ng/g (Varekamp, et al., 2014).

Statistically, median PCB levels in the basins were similar to median PCB levels in the
embayments, and the highest PCB levels occurred in the embayments. But again, a strong
sampling bias toward the Western Basin exists, where sediment concentrations are higher than
the Central and Eastern Basin offshore areas (Mitch & Anisfeld, 2010). The median PCB
concentration in western Long Island Sound was, on a concentration basis, within the top 15% of
samples analyzed nationally, exceeded ERL SQGs, and was an order of magnitude above the
Eastern Basin median (Mitch & Anisfeld, 2010).
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Table 4-5. Long Island Sound Sediment Organic and Inorganic Contaminant Concentrations,
1994-2006 (metals pg/g; organics ng/g dry)*.

Area of Long Island Sound
Contaminant Western Central Eastern
N 103 50th 90t | Mean N 10th 50th 90th | Mean N 10th 50th 90th | Mean

Arsenic 366 ND 6.85 12.2 6.68 193 ND 4.98 10.56 [5.69 268 ND 3.75 11.2 4.92
Cadmium 452 ND 0.63 2.6 1.18 311 ND 0.21 2.16 0.92 304 ND 0.2 2.37 0.82
Chromium 453 13.4 64 110 64.9 288 20.7 51.4 108 62 310 9.2 30.1 69.3 36.1
Copper 453 14.8 39 216 116 323 8.6 51.7 185 83.8 302 2.8 33.2 96.3 52.5
Lead 453 12.6 57 162 37 322 9.0 37 85.9 45.6 306 4.8 24.8 82.2 43.9
Mercury 454 0.02 0.3 11.00 0.49 300 0.02 0.15 0.47 0.21 302 ND 0.12 0.56 0.24
Nickel 451 7.4 23 37.6 23.9 306 6.8 19.4 37 22.5 303 5.6 15.2 30 18.1
Selenium 56 ND ND 5.3 1.3 34 ND 0.2 3.91 2.22 26 ND 0.03 2.12 0.74
Silver 142 0.05 0.54 2.05 0.97 164 ND 0.31 1.65 0.71 60 ND 0.06 0.6 0.25
Tin 36 1.65 5.54 9.8 5.88 23 1.11 2.94 5.34 6.77 18 0.45 1.51 7.95 2.99
Zinc 450 39.2 164 315 183 305 43.3 113 221 137 299 23.5 82.2 186 110
DDTs 72 ND 3.71 15.3 6.37 39 ND ND 3.68 2.22 30 ND ND 3.95 1.29
PAHSs 72 61.1 380 4350 2370 |36 69.1 561 10900 (2860 (30 ND 463 4610 1810
PCBs 72 3.21 36.5 174 162 36 ND 2.75 35.3 32.6 30 ND 1.37 31 15.2

Sources: Mitch & Anisfeld (2010); VVarekamp, et al. (2014).
values that exceed ERL SQGs are bolded; values that exceed ERM SQGs are underlined; values that exceed national 85 percentile are italicized; SQGs from
NOAA (1999).
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Chlorinated pesticides, such as dichlorodiphenyltrichloroethane (DDT), followed the same
general decreasing trend from west to east as the other organic contaminants, with the highest
means occurring in western Long Island Sound, followed by central, and then eastern, Long
Island Sound (Mecray, et al. (2003); Varekamp, et al. (2014)). The mean DDT values in the
western area of the Sound were more than double the mean in the central area. More than half of
the DDT measurements made in central and eastern Long Island Sound were not detected.
Several pesticides, along with PAHs and PCBs, exceeded the 1996 NS&T 85™ percentile in the
Housatonic River, the Mamaroneck, and Throgs Neck (Mitch & Anisfeld, 2010). The lack of
comparable pesticide data prevented an assessment of temporal trends and comparison between
bays and basins. Chlordane, a banned but persistent pesticide, was highest in urbanized areas of
western Long Island Sound and did not show any significant decline from 1996 to 2006 (Yang,
et al. (2007); Varekamp, et al. (2014)). Another recent analysis compared DDT,
dichlorodiphenyldichloroethane (DDD), dieldrin, and dichlorodiphenylchloroethylene (DDE) in
surface sediment and cores from 2005-2006 with archived sediments (1986-1989) (Yang, et al.,
2012). These pesticides continued to be ubiquitous despite their ban more than two decades ago,
and no significant decrease was observed.

Bioaccumulation

Since impacted sediments can contain chemicals that may accumulate in biological tissues, the
quality of sediment is often examined from a biological uptake perspective, since once in the
tissues of organisms, these chemicals can affect the organism directly as well as upper trophic
level species that consume them. This section provides a summary of contaminants in the tissues
of representative organisms (such as benthic invertebrates and fish) from Long Island Sound that
either live in close association with the sediments or are likely to accumulate elevated tissue
levels of these contaminants. Although the bioaccumulation of a contaminant by an organism
may or may not result in detrimental impacts to the organism, it can be a risk indicator.

Contaminants in Mussel Tissue

NOAA has conducted the most comprehensive studies of tissue concentrations within Long
Island Sound as part of the NS&T Mussel Watch and Benthic Surveillance Programs. Blue
mussels have been collected from shoreline locations in the study area since 1986 and analyzed
for the same suite of chemicals (and, more recently, for flame retardants) as part of the National
Mussel Watch Program (Varekamp, et al. (2014); Kimbrough, et al. (2009); Kimbrough, et al.
(2008); Robertson, et al. (1991)). Samples have been regularly collected at nine sites
(Connecticut River, Sheffield Island, Housatonic River, New Haven, Hempstead Harbor,
Huntington Harbor, Mamaroneck, Port Jefferson, and Throgs Neck; VVarekamp, et al (2014)), and
the Mussel Watch data from these nine sites have been used for Sound-wide evaluations
(\VVarekamp, et al. (2014); Mitch & Anisfeld (2010)).

Within Long Island Sound, blue mussel contaminant levels measured by the Mussel Watch
Program tended to be relatively low and constant overall, with some exceptions. Moreover,
concentrations did not exceed human health or ecological effects thresholds for data
encompassing 1994 to 2004 (Table 4-6; Mitch & Anisfeld (2010)). The contaminant
concentrations for the majority of the program area samples were measured to be in the lower
range for most of the measured contaminants. However, PAH values were notably elevated,
with a median PAH value (436 ng/g dw) above the national median of 220 ng/g dw (Mitch &
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Anisfeld (2010); Varekamp, et al. (2014); O’Connor & Lauenstein (2006)). Comparisons of
mussel tissue from open water to mussel tissue from embayments cannot be made for these same
time periods, because open-water samples were not collected under the Mussel Watch Program.
These findings were consistent with the multivariate classification by Kimbrough, et al. (2008),
in which a national dataset was clustered and classified as either low, medium, or high as a
contaminant concentration. Most of the 2004-2005 station tissue metals data were classified as
“low”; however, mercury, lead, and tin, along with several organic compounds, were within the
medium contamination category. Lead and chlordane were in the high contamination category,
although the New Haven and the Housatonic sites were not included.

Table 4-6. Blue Mussel (Mytilus edulis) Contaminant Concentrations Within
Long Island Sound Embayments, 1994-2004.

Chemical Long Island Sound NS&J d

Analyte® N 10 50 90t g5th FDA® EEV
As 43 4,75 6.44 8.84 15.0 602 88.2
Cd 46 1.12 1.83 2.82 2.82 28.0 21.0
Cr 46 0.899 1.57 3.24 3.58 91.0 82.6
Cu 46 7.76 10.5 18.6 11.6 67.2
Pb 46 1.58 2.68 4.98 3.86 11.9 83.3
Mn 46 20.4 35.4 174 50.2
Hg 46 0.060 0.110 0.198 0.28 2.10e 1.40
Ni 46 1.20 2.06 3.06 3.08 560 26.6
Se 46 1.80 2.31 3.35 4.84
Ag 46 0.040 0.116 0.621 0.442 10.5
Sn 46 0.000 0.103 0.353 0.41
Zn 46 74.0 96.0 136 114 10619
Butyltins 46 11.0 18.7 39.9 40.4
TChlordane 46 6.36 14.0 31.7 20.9 2100 448
Chlorpyrifos 37 ND 0.37 1.44 1.94
DDT 46 20.8 43.5 80.4 59.3 35000 21000
TDieldrin 42 2.50 5.46 14.4 7.01 2100 30.6
TEndo 37 0.00 4.88 10.9 10.0 20.0
THCH 46 0.034 0.496 1.62 4.11
Mirex 46 0.13 0.37 1.59 1.36
PAHSs 46 182 436 1267 953 70000
PCBs 45 92.3 155 315 534 200! 28000

Source: Mitch & Anisfeld (2010); data source: NS&T.

ND: not detected; EEV: Ecological Effects Value; FDA: U.S. Food and Drug Administration.

TChlordane = Total chlordane; TDieldrin = Total dieldrin; TEndo = Total endosulfan; THCH = Total HCH
aMetals pg/g dw; organics ng/g dw.

b85th percentile of NS&T values nationwide in 1996; bold italicized values exceed NS&T national 85"
percentile value.

°FDA Action Level for Crustacea and Mollusks.

YEEVs (EPA, 2004) have been corrected for moisture and assumed 85% tissue moisture.

*FDAJEPA fish tissue (including shellfish) consumption advisory criterion for methylmercury is 0.3 pg/g
wet weight (ww) = 2.1 pg/g dw. Hg concentrations were interpreted as 100% methylmercury for all species
(trophic levels three and above; EPA (2001a).

fCTDPH. Guidelines for PCBs (EPA, 2004).
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Mussel tissues collected from 1996 and during the period of 2004-2007 were also tested for
flame retardants as an emerging class of contaminants of potential concern (38 congeners of
polybrominated diphenyl ethers [PBDEs]; Kimbrough, et al. (2009)). PBDEs were found to be
widespread nationally and correlated with the human population density of the coastline. The
ecological significance of this compound class is not well understood, but for this study samples
were ranked as low (<1 ppb), medium, (1-270 ppb), or high (>270-8,202 ppb). In the period of
2004-2007, tissues from the Throgs Neck collection site contained the highest levels of PBDES
within Long Island Sound and ranked within the highest 15% nationally. Generally speaking,
measurements collected from the nine Long Island Sound sampling sites were variable, but were
classified within the medium to high concentration range.

Temporal Trends in Mussel Tissue Metals — Many authors have evaluated contaminant trends in
mussel watch tissue data; Mitch & Anisfeld (2010) found mercury and arsenic to increase at Port
Jefferson for the 1986 to 2004 dataset. Moreover, mercury increased in the Connecticut River
tissue samples (excluding the New Haven and Housatonic sites), and chromium and manganese
increased in Huntington Harbor, Port Jefferson, and Sheffield Island sites. The declines
identified were tin (at two stations) and cadmium tissue concentrations in Hempstead Harbor.
Transient spikes in levels of copper and silver were also noted for the nine stations. In the most
recent NOAA report covering the period of 1986 to 2005, measured increases in arsenic and
mercury were observed at the Port Jefferson site. No other trends were noted at any of the other
Long Island Sound sites (Kimbrough, et al. (2008); Mitch & Anisfeld (2010)).

Trends in Mussel Tissue Organics — Nationally, organic contaminant levels are generally higher
in areas of historic use and production. The PBDE tissue concentrations in Long Island Sound
were also relatively constant from 1996 to 2004-2007. Nationally, both increasing and
decreasing trends in PBDEs were evident in various locations. However, there was an overall
increase in the “medium” clustering samples for PBDEs and a decrease in the “low” samples
(Kimbrough, et al., 2009).

PAHs in mussel tissue have shown variable trends for Long Island Sound, although total PAH
concentrations in mussels from the study area generally decreased from 1989 to 1997
(Varekamp, et al., 2014). After 1997, the data trended with an apparent increase, particularly in
New Haven and in the Housatonic River, which both reached the maximum concentrations
(~4,500 ng/g dw) observed during the 2004-2005 program. Since 2005, the levels at these two
stations have declined but are still relatively high. Tissue PAH concentrations have increased
during the period of 2002 to 2008 at the Mamaroneck and at the Connecticut River sites.

As a final note regarding mussel tissue as a sediment quality indicator, contaminant
concentrations in these tissues relative to nearby sediments have only been weakly correlated
(Mitch & Anisfeld, 2010). The weak link between sediment and tissue may be explained in part
by low bioavailability of some of the metal contaminants due to high sulfide levels in sediments,
variability in mussel uptake and excretion rates, and differences in time scales for contaminant
accumulation (Mitch & Anisfeld, 2010), along with the fact that mussels generally live above,
and not within, the sediment matrix. Despite the high sulfide levels that limit bioavailability of
certain metals, lead did accumulate in the mussel tissue at Throgs Neck to levels that were
considered high nationally.
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Contaminants in Fish and Lobsters

In addition to the Mussel Watch Program, the NS&T National Benthic Surveillance Program
(NBSP) determined the status of and long-term trends in the environmental quality of the
nearshore waters of the United States from 1984 to 1992 (Harmon, et al., 1998). The program
evaluated biological exposure to, and uptake of, organic contaminants and biomarkers such as
enzymes that are active in the metabolism of contaminants in fish. This included the
concentrations of organic and inorganic contaminants in the liver and bile of bottom-dwelling
fish from coastal and estuarine waters of the United States that are found to be associated with
seafloor sediments. In addition, the incidence of visible lesions in fish was recorded, and
histopathological examination of selected liver, kidneys, fins, gills, ovaries, and testes was
conducted. As a result of the prevalence of toxicopathic liver diseases, the NBSP expanded in
1987 to include measurements of biological effects due to contaminant exposure (NOAA, 2011).
Methods, assays, and sampling sites varied over time as refinements were made and
contaminated areas were identified and became the focus of the program (Harmon, et al., 1998).

A biomarker, cytochrome P450 monoxygenase (Cypla) activity, has been used in the program to
assess exposure to PCBs, PAHSs, and other organics in fish (Varekamp, et al., 2014). Winter
flounder samples were collected at 22 sites in the northeast region from 1988 to 1994, and Cypla
activity was typically detected throughout the region, indicating organic contaminant exposure
(Collier, et al., 1998). No decreasing time trends were identified in these data (Collier, et al.,
1998).

Other than the NS&T survey data collected from the designated placement sites (Section 4.2.2),
there are only limited metals or organic contaminants in fish tissue data in Long Island Sound
organisms. Monosson & Stegeman (1994) investigated Cypla activity in the livers of winter
flounder, and a recent dissertation investigating Cypla activity (Romany, 2010) is summarized in
Varekamp, et al. (2014). The fish tissue from Hempstead Harbor evaluated in the early 1990s
had high concentrations of PCBs and the highest Cypla level of any fish in the northeastern
United States study area. Romany (2010) found widespread exposure to organic contaminants in
young winter flounder samples collected from Port Jefferson, Oyster Bay, Manhasset Bay, and
Little Neck Bay in Long Island Sound, and Shinnecock and Jamaica Bay on Long Island’s south
shore in 2008 and 2009 (Varekamp, et al., 2014).

Several agencies (NYSDEC, CTDEEP, New York State Department of Health [NYSDOH],
Connecticut Department of Public Health [CTDPH], and EPA) have collaborated to monitor
PCBs in striped bass, bluefish, and additional species, and periodic sampling of striped bass and
other species has continued since 1984. A review of the 2006-2007 survey results and earlier
data by Skinner, et al. (2009) provides some spatial and temporal trends in PCB body burdens.
No distinct spatial pattern in contaminant levels in striped bass and bluefish was detected by
these authors, but temporally, levels of PCBs in striped bass have apparently declined by 82%
from levels observed in 1985-1987. Lipid-normalized PCB levels for striped bass decreased
from 59.31 pg/g in 1985-1987 to 29.19 pg/g in 2006-2007. No such change has been observed
for bluefish. Skinner, et al. (2009) have concluded that ambient levels of PCBs in Long Island
Sound have changed little over the past 30 years.
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Striped bass, bluefish, weakfish, American eel, and lobster tissue were also tested for mercury as
part of the 2006-2007 interagency effort (Skinner, et al., 2009), and concentrations have been
correlated with the length of striped bass, bluefish, and weakfish. The highest mercury
concentrations were observed in the northern area of central Long Island Sound, where the
largest fish were found. Mercury levels in some large striped bass and bluefish caught in Long
Island Sound during this period exceeded the U.S. Food and Drug Administration (FDA) human
health action level of 1 mg/kg wet weight (ww) (Skinner, et al., 2009). Average mercury tissue
concentrations ranged from 0.073 mg/kg ww in lobster to 0.365 mg/kg ww in striped bass. No
clear spatial trends were found in a recent review of mercury in fish and shellfish from Long
Island Sound (Varekamp, et al., 2014). Although available mercury data are limited, no
significant difference was observed in the mean mercury concentrations in these fish between
2006-2007 relative to 1985 data by NYSDEC (Skinner, et al. (2009); Varekamp, et al. (2014)).

The hepatopancreas of lobsters (the tomalley, or soft green substance in the body cavity that
functions as liver and pancreas) tends to accumulate contaminants, and in the 2006-2007
interagency sample set was found to contain relatively high concentrations of cadmium,
indicating a potential health risk in this tissue (Skinner, et al., 2009).

Sediment Toxicity

The potential toxicity of sediments to aquatic organisms is evaluated with laboratory tests in
which organism’s representative of benthic infauna communities are exposed to sediments
collected from the area under evaluation. Amphipods are commonly used and are relatively
sensitive to a wide range of contaminants relative to other organisms.

A review of the published literature found few general studies that tested Long Island Sound
sediments for potential toxicity, but the earliest system-wide study was conducted on sediment
samples collected in 1990 and 1991 by the NS&T Program as part of its bioeffects program
(Wolfe, et al., 1994). Sediments from three stations in each of 20 Long Island Sound coastal
bays and from one station located south of the CLDS area were tested for sediment chemistry,
benthic community structure, and toxicity as part of a Sediment Quality Triad (SQT) approach
(Long & Chapman, 1985). An additional 11 stations from the open waters of Long Island Sound
were tested only for sediment toxicity to amphipods.

Whole-sediment assays, conducted using the tube-dwelling amphipod Ampelisca abdita, showed
that sediment toxicity was widespread in the 20 coastal bays. In contrast, the sediment collected
in the open waters of the Sound had Ampelisca survival rates mostly above the survival threshold
for significant toxicity (80% survival). Modest toxicity was found at the Throgs Neck, the
CLDS, the Mattituck Creek, and the Block Island Sound sites (Wolfe, et al., 1994). The greatest
sediment toxicity was observed at Manhasset Bay, followed by Oyster Bay, Little Neck Bay,
Echo Bay, Cold Spring Harbor, Larchmont Harbor, Pelham Bay, the Housatonic River, and
Bridgeport Harbor. The least toxic areas according to this study were observed to be Branford
Harbor, Connecticut River, Southport Harbor, Milford Harbor, the Thames River, and Northport
Harbor. The sample toxicity tended to co-vary with the contaminant concentrations and was
affected by grain size and TOC content of the sediments. However, only a subset of the most
toxic bays—L.ittle Neck Bay, Manhasset Bay, Pelham Bay, and the Housatonic River—was
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considered to be the most contaminated based on sediment contaminant levels measured during
the same study.

Two additional sediment toxicity tests, a bivalve (Mulinia lateralis) larvae survival and
development assay and a microbial bioluminance toxicity assay that used solvent extracts from
the sediments, were also conducted on the sediments. The data from these tests also suggested
that sediments from all 20 bays were toxic. Of the 60 bay stations sampled, only 11 showed no
toxicity in the three tests. Manhasset Bay had the most toxicity findings, with all three stations
testing toxic for all three bioassays. Multiple positive toxicity test results were reported for all of
the New York bays tested, which included Oyster Bay, Little Neck Bay, Echo Bay, Cold Spring
Harbor, Larchmont Harbor, and Pelham Bay. The least toxic bays based on the toxicity tests
were Branford Harbor and the Connecticut River, which each had only one toxic finding at a
single station.

The toxicity of sediment samples is affected by grain size, contaminant concentrations, and the
TOC content of the sediments. However, contaminant concentrations generally co-varied, which
makes attribution of toxicity to specific chemicals difficult. The ratios of simultaneously
extracted metal concentrations (SEMSs) (i.e., those extracted under the same conditions as AVS)
to AVS concentrations provide a means to assess the potential for toxicity from metals.
SEM/AVS ratios in the early 1990 sediment study were generally at or below 1.0 (Berry, et al.,
1996), indicating that these metals were not likely a primary source of the measured toxicity.
However, statistical analysis indicated that the pesticide hexachlorobenzene likely affected the
toxicity observed in samples from Centerport Harbor, Oyster Bay, and Larchmont Harbor, New
York.

Toxicity tests have continued to be conducted as part of EPA’s National Coastal Assessment
(NCA) program. Results from 2000 to 2006 showed toxicity at 19 of the 310 Long Island Sound
stations (Varekamp, et al., 2014). Whole sediment toxicity was identified primarily in nearshore
areas, particularly in the embayments in Connecticut and New York. The frequency in the
number of toxic sites also decreased in the later years of the study relative to earlier studies.

Summary of Sediment Contaminant Trends in Long Island Sound

The general spatial distribution of sediment contaminants within Long Island Sound generally
reflects a combination of sediment type (texture, TOC) and proximity to contaminant source
within the Western, Central, and Eastern Basins of Long Island Sound and its embayments (Hunt
(1979); Tedesco, et al. (2014)). Metal concentrations in sediment are typically enriched
compared to background levels, and organic contaminants (PAHs, PCBs, and chlorinated
pesticides such as DDTSs) are evident. There is a general west-to-east gradient in concentrations
in the open waters of Long Island Sound. The highest concentrations typically occur in the west,
which is more heavily urbanized and industrialized and has more fine-grained sediments and less
sand than the east. Moreover, the highest contaminant concentrations are found in the coastal
bays and harbors of Long Island Sound near land-based sources; lower concentrations occur in
the deeper, middle region of the Sound.

The changes in loadings to and transport within Long Island Sound are reflected in the
concentrations of contaminants in sediment and biota. Sediment cores provide historical records
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that link the date of sediment deposition with sediment depth. Most of the cores analyzed to date
show a decrease in metal concentrations between 1980 and 2010, the period of enhanced
environmental control required by the CWA (Varekamp, et al., 2014). However, in the shorter
term, no trends were evident in surface sediment metals concentrations between 1990-1992 and
2000-2002 (Mitch & Anisfeld, 2010). Similar to metals, PCBs did not change significantly,
while the median PAH levels in surface sediments decreased by a factor of three in these NCA
datasets.

Bioaccumulation results, however, vary by species, and spatial trends have been less obvious.
Mussel tissue studies in the 1980s indicated a west-to-east gradient of decreasing contaminants;
recent data suggest that bioaccumulation has become more varied (Varekamp, et al., 2014).
Moreover, while metal concentrations in mussel tissue tended to decline at a few stations from
1986 to the mid-1990s, and organic contaminants generally declined, recently measured tissue
levels appear to no longer be declining and may be increasing in localized areas for certain
contaminants (Varekamp, et al., 2014).

PCBs and mercury tissue concentrations were above FDA action levels in only some of the large
fish tested (Skinner, et al., 2009). Cadmium was also reported to have high levels in the
hepatopancreas of lobster, which, along with chlorinated dioxins/furans and PCBs, contribute to
health advisories. Specific enzyme activity in fish has also indicated general exposure to organic
contaminants (Varekamp, et al., 2014). However, no significant changes in contaminant
accumulation and exposure since the 1980s are evident in tissue data through the first decade of
2000 (Skinner, et al., 2009).

The Sound-wide sediment condition has also been evaluated by EPA and others (EPA (2008);
NEIWPCC (2012)). In this analysis, quality indices associated with toxicity, sediment
contaminant loads, and sediment TOC have been used as predictors of sediment quality. The
results of this evaluation are shown in Figure 4-14. By this analysis, a large area (46%) of
sediments in the Western Basin are considered to be in poor condition, while sediments within
the Central Basin are in a much better condition, with 91% of the basin sediments ranked with
either a good or fair scoring. Some decline in sediment condition was noted in the Eastern

Basin, where two-thirds of the sediment has been rated to be in fair condition, and one-third rated
to be in poor condition. These results generally confirm the conclusions drawn from the many
datasets previously discussed.

Western Basin Central Basin Eastern Basin
i Good

i Fair

kil Poor

Source: EPA (2008).

Figure 4-14. Sediment Quality in Long Island Sound’s
Western, Central, and Eastern Basin Areas.
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4.5.2 Sediment Quality in the Open-Water Environment

The sediments in the open-water environment of Long Island Sound have been sampled
extensively over time by the major studies described above. Many of the sampling locations for
these studies are located near the alternative sites being evaluated in this PEIS (Figure 4-15
through Figure 4-17). Table 4-7 presents some of those studies that have sampling stations
within the vicinity of the unconfined and confined open-water alternative sites.

There are currently four unconfined open-water placement sites for dredged material in Long
Island Sound: WLDS, CLDS, CSDS, and NLDS. WLDS, CLDS, and NLDS are located in
largely depositional areas. CSDS is the only dredged material placement site managed as a
dispersive site, where tidal currents transport material away from the placement location,
primarily in an east-west direction. There is also one confined open-water placement alternative,
near Sherwood Island in Westport, Connecticut.

Unconfined Open-Water Placement

Detailed information is available from the offshore dredged material unconfined placement areas
(e.g., ENSR (2002)). Although variable, the textures and TOC observed are generally consistent
with the conditions in the broader Sound; the sediments at WLDS, CLDS, and NLDS are
dominated by fine grained particles while the CSDS placement area in the Eastern Basin is
characterized by coarser material. These observations are consistent with the physical
oceanography discussed in Section 4.4, with significant tide-induced currents observed in the
Eastern Basin and relatively weak currents observed in western and central areas of the Sound.

Three recent data compilations for Long Island Sound have been performed by the USGS,
NOAA, and EPA. NOAA has compiled data through the NS&T Program, and EPA has gathered
information to support the NCA program. Together, these programs have included numerous
sampling locations within 1 mi of many of the unconfined open-water placement sites. The
USGS compiled data from multiple studies over a 25-year period (1975-2000). Analytes include
grain size, TOC, and a range of metal and trace organic contaminants. Not all studies included
all analytes. The NS&T data included metals, PAHs, PCB congeners, and pesticides, in surficial
sediments and soft tissues of bivalve mollusks or fish from 1986-2004.
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Figure 4-15. Locations of Alternatives and Sediment Sampling Stations in Western Long Island Sound.



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 4-61
73°5'0"W 73W\N 72*50-“"‘!\.’ ?2‘AWW 72’«@ 72'3?0’\"1
1 1 1 1 1 1
J. B N Middlesex
Loy 343
- 365 Z
Fairfield 330 —— oy ® i
o e,
= ° 333 457 N !
I X z
2 327 457 -2
= 447 s
Housatonic 451 Ty 365
River, 444 L J
il
JT 41 32713331330 °
P e \
4 ®
i .
= )
@ ) ® ° ®
® 3645/364cC °
z LA . g ® A ° -
If . e ® 5
E L] o CLDS -2
s 0 ° o " 5
2 = eee o
. fGK“ ~ 450 o - ° °
e 3
\ 468 b
o = ®e ° o
J L]
C {'ong|Island/Sound . L]
e ® o = “a
® o a
0 °
|i§ ° e £
] (] » o e
5 ® =
L] ° ° °
Sediment / Bioaccumulations Studies in the LIS Study Area
(Central Basin)
Potential Alternative Sites NCA Study Data ” =
i ® USGS Study Dat (] ® 455/82 <
Site Type udy Data = . ® . D v
* Habitat Restoration NOAA NST Data By Study ® -~ \ >
@ Containment Sites St:dyB i i e i
. A Nearshore Bar/ Berm ® He?j © Rurvew aEnce - 445 ~ /’
fg_ O Beach Renourishment udson Raritan Estuary .. [ ] [ ] r _g
S % Brownfields / Redevelopment 0 Long Istand Sound o 445 2 5
B Landfil @ Mussel Watch 171 ° 5 <
®| W Open Water Basemap l ° S L i
State Boundary ® . 171 ¢ i y
[ Connecticut —**‘t"’i) N*\ 7_'9_/"—-”'” - /
New York U_,-’
|___| Study Area Waterbodies Suffolk 0 25 10
Major Waterbodies I aaaaas— Viles
T PR
T T T T T T T
T3°5'0"W 73°00"W 72°55'0"W 72°50'0"W 72°450"W 72°40'0"W 72°35'0"W

Sources: USGS (2013); EPA (2010a); NOAA (2014b).

Figure 4-16. Locations of Alternatives and Sediment Sampling Stations in Central Long Island Sound.
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Figure 4-17. Locations of Alternatives and Sediment Sampling Stations in Eastern Long Island Sound.
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Overall, there were 85 stations from the USGS dataset within 1 mi of three of the unconfined
open-water placement alternatives (WLDS, CLDS, and NLDS). No stations are located within
1 mi of CSDS, and a small set of stations from USGS and NCA have been sampled near the
confined open-water alternative site (Site E) (Table 4-7).

Table 4-7. Sampling Stations Within 1 Mi of the Open-Water Placement Alternatives.

Alternative Tvpe Alternative Sediment/Bioaccumulation
yp ID Sampling Stations Within 1 Mi | USGS | NS&T | NCA

WLDS 32 X

Unconfined Open- CLDS 16 X

Water Placement CSDS None
NLDS 37 X

Confined Open-Water E 4 X X
Placement

The sediment quality conditions at WLDS, CLDS, CSDS, and NLDS are very well represented
by multiple site-specific surveys conducted in 2000 and 2001. Surface sediment samples were
analyzed for physical, chemical, benthic community, and toxicity evaluations (EPA (2004),
Appendices F and H). The sampling locations for each site were defined to assess historic and
recent placement areas in both near and farfield areas and included reference areas. The
sediment chemistry data from these sampling efforts have been compared to other Long Island
Sound data sets, to the NS&T dataset, and to biological effects values (Mitch & Anisfeld (2010);
(NOAA (1999)). An SQT analysis (Long & Chapman, 1985) was also used to evaluate sediment
quality, using indices developed from sediment chemistry, toxicity, and benthic community
composition data.

Data on contaminant bioaccumulation at or in the vicinity of the placement sites can be found in
Appendix H of the Environmental Impact Statement (EIS) for the Designation of Dredged
Material Disposal Sites in Central and Western Long Island Sound, Connecticut and New York
(EPA, 2004) and are summarized. Contaminants analyzed included metals, PCB congeners,
PAHSs, chlorinated pesticides, butyltins, dioxin/furans, radionuclides, and lipids in the tissue from
fish, lobsters, worms, and clams, representing organisms that either live in close association with
the sediments or are likely to accumulate elevated tissue levels of these contaminants. The most
common large demersal species (i.e., winter flounder, scup) were collected in June and
September 2000 to assess potential bioaccumulation. Migratory top predators (striped bass and
bluefish) were caught in June and September to evaluate bioaccumulation within the waters of
Long Island Sound as a whole. Lobsters were also collected in 2000 from within each of the
four placement sites and from four reference areas that represented various habitat types along an
east-west gradient within Long Island Sound. Clam and worm tissue were collected in July and
August 2000 from NLDS and CLDS and their associated reference areas.

With the exception of PCBs, measured tissue concentrations collected from these surveys were
below FDA limits for human health and within EPA’s acceptable risk range for carcinogenic and
noncarcinogenic effects. Measured chemical concentrations for all chemicals in finfish tissue
and lobster meat were approximately one to two orders of magnitude below the applicable FDA
action/tolerance limits.
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Most of the total PCB concentrations were also below the CTDPH threshold guidelines
developed for fish consumption advisories (0.1 ppm, or 100 ppb) associated with
recommendations for restricted consumption based on CTDPH’s risk-based approach for winter
flounder and lobster (Toal & Ginsberg, 1999). However, maximum concentrations of total PCBs
in bluefish, striped bass, winter flounder, and scup were elevated above those levels at many
locations. CTDPH has identified tissue concentrations of total PCBs as a Sound-wide issue
(CTDPH, 2002). The most recent available advisory for 2012 includes striped bass, bluefish,
and weakfish on the list for PCBs, while scup and flounder are no longer included, indicating
levels below guidelines (CTDPH, 2012).

Similar results were noted based on the evaluation of carcinogenic and noncarcinogenic risk
levels. Exposures of humans to chemicals in Long Island Sound are primarily associated with
the consumption of fish and shellfish. In general, risks for this pathway were relatively low, with
carcinogenic risks within EPA’s acceptable risk range of 1x10° to 1x10™*and noncarcinogenic
hazard quotients less than 1 for most chemicals, where a hazard quotient greater than 1 implies
risk. Risks associated with PCBs were the exception. Noncarcinogenic risks for total PCBs
were associated with hazard quotients greater than 1 for all species evaluated at all locations.

Risks were also estimated based on fish and lobster tissue concentrations modeled from
measured clam and worm data using trophic transfer modeling with results comparable to direct
measured results; that is, risks associated with fish and shellfish consumption were measured to
be low for most contaminants, PCBs being the exception. However, this increased risk is
currently managed through the issuance of fish and shellfish consumption advisories at the state
level. The advisories warn the public of the potential risks associated with PCBs and
recommends that consumption of certain fish species be limited to reduce exposure. Lobster
hepatopancreas consumption advisories also exist for Connecticut and New York due to
increased tissue contaminant concentrations.

Benthic invertebrate (i.e., clams, worms, lobster) tissue concentrations were also compared to
available ecological effects values (EEVs) used by EPA New England to evaluate ecological
risks associated with placed dredged material. These values represent tissue concentrations
determined to be safe to aquatic organisms. Similar to the human health evaluation, risks to
ecological receptors associated with elevated tissue concentrations appear to be very low. With
the exception of copper in lobster tissue at WLDS and CLDS, all tissue concentrations were
below the EEVs.

Sediment quality data collected from WLDS, CLDS, CSDS, and NLDS in 2000 and 2001
represent one of the most extensive datasets for the unconfined open-water alternatives (ENSR
(2000), (20014a), (2001b), (2002)) and this sediment quality assessment is largely based on these
(2000 and 2001) datasets. For these surveys, replicate (n=3) surface sediments (0 to 0.8 inches)
were collected at active and historical placement areas, as well as at farfield and reference
locations. Field experimental surveys performed within the CLDS area to evaluate the natural
recovery of the seafloor following unconfined dredged material placement represent another
important data source for discussing the quality of CLDS sediments (Myre & Germano (2007);
AECOM (2013)).
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Grain size and TOC data collected in 2000 and 2001 at the unconfined open-water placement
sites are summarized in Figure 4-18. For comparison purposes, active placement areas have
been plotted separately from reference and farfield locations. These data are generally consistent
with the observations noted earlier. Finer grained sediments dominate the Western and Central
Basins, and coarser material is prominent in the Eastern Basin, particularly at CSDS.
Furthermore, from a sediment texture and TOC perspective, the active placement areas are
relatively similar to farfield and reference areas at each site.

% Fines at Reference and Farfield Areas % TOC at Reference and Farfield Areas
100 ) : 50 7 i _
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Figure 4-18. Grain Size and TOC Distributions at the
Unconfined Open-Water Placement Alternatives.

Sedimentary metal concentrations measured at each of the unconfined open-water alternative
sites (2000 and 2001 surveys) are summarized in Table 4-8. The fact that grain size and TOC
content is generally consistent between active placement and reference areas provides some
assurance that chemical measurements can be compared to a large degree without added data
treatment (e.g., normalization). The data collection effort from 2000 and 2001 included the
metals aluminum, arsenic, beryllium, cadmium, chromium, copper, iron, lead, mercury, nickel,
selenium, silver, and zinc. The trace metals silver, chromium, copper, cadmium, mercury,
nickel, lead, and zinc are discussed here.
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Table 4-8. Placement Site Station and Reference Area Averages for
Metals in Sediment from February 2000.

Ag | Cu | & | Hg | Pb | zn | Cr | Ni
Location pg/g
WLDS! 1.05 684 | 0.65 0.99 53.4 119 47.1 19.5
WLDS REF 0.35 375 0.21 0.14 24.2 126 27.6 13.0
CLDS 1.33 76.7 0.59 020 | 446 140 80.0 23.2
CLDS REF 0.60 44.6 0.13 0.12 29.4 109 53.2 23.7
CSDS 0.04 2.78 0.06 0.01 4.07 16.97 5.63 5.77
CSDS REF 0.07 5.65 NA 0.01 6.53 20.36 8.58 8.12
NLDS 0.35 32.1 0.33 0.14 | 39.17 | 76.03 | 46.63 | 21.23
NLDS REF 0.02 9.7 0.07 002 | 11.88 | 3713 | 1418 | 853
ERL 1.0 34 1.2 015 | 46.7 150 81 20.9
ERM 3.7 270 9.6 0.71 218 410 370 51.6

>ERL = bold, > ERM = underlined (NOAA, 1999).
! Three replicates were averaged for each placement site and ref areas station (EPA (2004), Appendix F-1).

At the active WLDS, CLDS, and NLDS placement areas, the metals silver, copper, cadmium,
mercury, and lead were elevated over reference conditions, and many of these metals exceeded
ERL SQGs. Furthermore, mercury exceeded the higher ERM sediment guideline at the WLDS.
However, AVS/SEM measurements were also included in the program, and based on
sedimentary sulfides, only one WLDS replicate (n=3) from the active placement area exhibited
limited sulfide relative to the metals (i.e., AVS/SEM <1), indicating that most of these metals
probably exist as insoluble sulfides unavailable to resident organisms. In the cases of CLDS and
NLDS, a few replicates exhibited limited sulfide content relative to metals; this occurred at
historical placement areas, not at active placement areas (ENSR, 2001a).

An extensive set of sedimentary trace organic parameters was also measured during the 2000 and
2001 surveys; the set included PCBs, pesticides, PAHSs, tributyltin (TBT), and dioxin/furan
congeners. A subset of these data, total PAHSs, total PCBs, and total DDT, are detailed in Table
4-9. In general, the concentrations observed occasionally exceed the lower ERL SQG, none
exceed the higher ERM SQG, and are of the same magnitude as those observed Sound-wide by
USGS and others (USGS (2013); Mitch & Anisfeld (2010)).

TBT concentrations were detected at much higher concentrations at the WLDS station (31 pg/kg)
than at the two reference stations (average less than 1.0 pg/kg). Concentrations of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), which is used to represent dioxin and furan, were
very low, with an average of 0.0009 pg/kg at the WLDS station and 0.00051 pg/kg at the
reference areas.

Part of the sediment condition at CLDS has been affected by a field study that began in 1982.
This study, termed the Field Verification Program (FVP), was performed jointly by EPA and
USACE to evaluate the natural recovery of sediments following the unconfined placement of
dredged material. In that study, 72,000 yd® of dredged material from Black Rock Harbor in
Bridgeport, Connecticut, were placed in the northeast corner of the designated CLDS area to be
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monitored over time (SAIC (1995); Myre & Germano (2007)). The dredged material consisted
of organic fine-grained sediment containing heavy metals, PAHs, and PCBs, which was
demonstrated to have both acute and chronic toxicity (Morton, et al. (1984); Gentile, et al.
(1988)).

Table 4-9. Placement Site Station and Reference Area Averages for
Organic Contaminants in Sediment from February 2000.

Chemical and Physical Analytes
Total Total Total
Number of PAHSs PCBs DDT | Fines| TOC

Location Samples ng/g dw % %
WLDS* 1 3865 69 4.6 52.5 1.5
WLDS REF 2 630 9 1.1 24.8 1.3
CLDS 1 1036 59 0.4 81.8 2.2
CLDS REF 2 783 16 0.8 92.4 1.9
CSDS 2 31 ND ND 2.0 0.1
CSDS REF 2 112 ND ND 9.7 0.4
NLDS 1 1967 39.83 6.17 74.3 2.7
NLDS REF 2 315 ND ND 37.2 0.8

Western Long Island Sound

Mean 2370 162 6.4 - -

72
Western Long Island Sound
90th% 4350 174 15.3 - -
Central Long Island Sound Mean 2860 32.6 2.2 - -
Central Long Island Sound 36 (39 DDT)
90th% 10900 35.3 3.7 - -
Eastern Long Island Sound Mean 1810 15.2 1.3 - -
Eastern Long Island Sound 30
90th% 4610 31 4.0 - -
ERL 4022 22.7 1.58 - ~1
ERM 44792 180 46.1 - ~1

>ERL = bold, > ERM = underlined, > 1996 NS&T national 85th percentile value = italics

Adapted from Mitch & Anisfeld (2010).

*Placement site and reference areas station were an average of three replicates per station.

Values compared to the mean and 90 percentile of Long Island Sound basin region sediment concentrations of
organic contaminants 1994-2006.

In a 2005 survey of FVP sampling stations, contaminant concentrations at the F\VP mound were
observed to be slightly higher than at the corresponding reference area in cores collected in the
outer mound flank (Myre & Germano, 2007), and several contaminants remained at levels above
ERL or ERM SQGs. However, maximum contaminant concentrations at the FVP site were
found to be less than the concentrations in the original dredged material. In a 2011 survey of the
mound, the benthos and seafloor conditions were consistent with those at the reference areas,
showing advanced recovery at the mound and no indication of impairment (AECOM, 2013).
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As a direct measure of sediment quality, toxicity bioassays were performed using sediments
collected during the 2000 survey (ENSR, 2000). The amphipod A. abdita was used to evaluate
potential sediment toxicity at each of the unconfined open-water alternative sites. Coarse-
grained sediment may confound the organism’s ability to survive, since their habitat is typically
fine-grained, but bioassay survival was very good in all sediments collected from each of the
sites, including the more coarse-grained CSDS.

As a way to evaluate sediment quality more broadly, the SQT approach of Long & Chapman
(1985) was applied to the 2000 and 2001 survey data sets. Underlying this analysis is a
comparison and calculation of station-to-reference site ratios, which when near unity is an
indication of low impact. In this final analysis, station-to-reference comparisons of organic
chemical parameters (PCBs and PAHS) resulted in the largest excursions from unity, and
chemical indices often exceeded 1, but despite these findings there was no apparent effect on
either the resident benthic community or the organisms exposed to the sediment during toxicity
bioassays. Based on this analysis, the sediment appeared to be in good condition at each of the
open-water unconfined placement areas.

The accumulation of chemical residues in marine organisms was also examined during the 2000
and 2001 surveys. Striped bass, bluefish, scup, and winter flounder finfish were collected from
the open-water sites where available and analyzed. Lobster specimens were available at WLDS
and CLDS, and clam and worm tissues were also collected at CLDS.

Concentrations of chemical contaminants in finfish fillets were generally low in the samples
collected from the open-water placement areas. The metals silver, cadmium, chromium, and
nickel were all below reporting and/or detection limits in finfish tissue from WLDS, CLDS,

CSDS, and NLDS.

Copper was often detected in at least one of the samples at WLDS, CLDS, and CSDS, but was
lower than levels detected in non-placement site areas (maximum 0.651 pg/g). Mercury (as
total) was detected in all of the samples and was notably higher in striped bass tissue samples
from WLDS, CLDS, and NLDS, but the maximum concentrations measured at these sites,
ranging from 0.211 to 0.483 pg/g, were much less than FDA’s action limit of 1 pg/g set for
methylmercury. Lead was below reporting limits at each of the unconfined open-water
placement site study areas, except for winter flounder (0.102 pg/g) and scup (0.155 nug/g)
samples at NLDS and a couple of non-placement (i.e., reference or farfield) site study areas.

At WLDS and CLDS, where lobster data were collected, metal contaminants were generally low
or not detected in lobster muscle and were comparable to Long Island Sound reference areas
collected (EPA, 2010b). Lobster hepatopancreas, commonly referred to as lobster tomalley,
tends to concentrate contaminants, and higher concentrations of contaminants were found. Lead
(0.136 mg/kg ww), nickel (53.8 mg/kg ww), and zinc (53.8 mg/kg ww) were highest at the
WLDS compared to the CLDS and reference areas from the study. The rest of the metals were
within the range of the reference areas. Copper was high in lobster tissue at WLDS and CLDS
(574 and 1,010 mg/kg ww, respectively) and the reference areas (599 to 934 mg/kg ww), but
lobsters and several other marine organisms have a copper-based blood system rather than the
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iron-based blood system common to most other animals, so the significance of these copper
concentrations is unclear.

Metals results from clam (Pitar morrhuana) and worm (Nephtys incise) tissue collected in 2000
from CLDS (only) were variable but similar between placement and reference areas. In fact,
cadmium, lead, and mercury were measured at higher concentrations at the corresponding
reference location relative to the placement area.

Several classes of organic parameters were analyzed in the tissues collected in 2000 from the
open-water placement areas, including PAHs, PCBs, and dioxin/furans. In the case of trace
organic compounds, the lipid content of the organisms is of critical importance given the
preferential partitioning that occurs by organic compounds into fatty tissue. As such, the
organisms that naturally contain higher lipid content (striped bass and bluefish) tended to contain
the higher concentrations of organic contaminants when detected.

Overall, the concentrations of contaminants measured in these (2000 survey) studies were within
the range of other published tissue studies from Long Island Sound. Total PAH concentrations
were generally within the range of 1 to 10 ug/g when detected and calculable; Total PCBs were
detected only at WLDS and CLDS finfish. PCB concentrations in bluefish and striped bass
samples were measured in the 300- to 400-ug/g range and in the 60- to 120-ug/g range for scup
and winter flounder. When detected at any of the four placement sites, dioxin as 2,3,7,8-TCDD
was measured in the 3- to 6-ng/g concentration range.

At WLDS and CLDS, organic contaminants were generally low in lobster muscle and
comparable to other Long Island Sound reference areas. The dioxin and furan compounds
2,3,7,8-tetrachlorodibenzofuran (2,3,7,8-TCDF), heptachlorodibenzo-p-dioxin (HpCDD), and
octachlorodibenzodioxin (OCDD) were detected in muscle tissues collected from these sites at
very low concentrations (EPA, 2010b).

In lobster hepatopancreas, the concentrations of organic chemicals were higher than the
corresponding measurements within the lobster muscle, and the tissue levels from WLDS and
CLDS were generally comparable to Long Island Sound overall. PCB levels were one to two
orders of magnitude greater in the hepatopancreas than in muscle tissue (1,848 pg/kg and 2,0262
ug/kg ww, respectively) and dioxin concentrations, as 2,3,7,8-TCDD, were measured with
concentrations in the range of 2.08 to 4.25 ng/kg at these sites.

Finally, with respect to the clam (Pitar morrhuana) and worm (Nephtys incise) tissue data
collected in 2000 from CLDS, the concentrations of trace organics were typically higher at the
CLDS area than at its reference. One of the sampling stations was from the uncapped FVP
mound, established to monitor natural recovery following dredged material placement. Total
PAHSs and total PCBs were higher in the worm and clam tissue at CLDS relative to the reference
area, which is expected based on the known contaminants in sediments placed at the FVP at
CLDS decades ago. This difference is greater in the worms (non-selective deposit feeders) than
clams (filter feeders). Worms would have greater potential exposure to the sediments based on
feeding mechanism. Most of the individual dioxin and furan congeners were not detected in both
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species at any locations sampled. Pesticide concentrations in clams were comparable from the
reference area and at CLDS.

Confined Open-Water Placement

The Sherwood Island Borrow Pit (E) alternative is a potential 100-acre confined open-water
placement site approximately 1/2 mi offshore of Sherwood Island State Park, Westport,
Connecticut. The existing borrow pit is approximately 30 ft deeper than the surrounding area,
which has average depths of -20 ft MLW. There are four samples (USGS and NCA) within 1 mi
of this alternative (Table 4-7 and Figure 4-15).

4.5.3 Sediment Quality in the Nearshore/Shoreline Environment

Coastal embayments and shorelines have been shown to have great variability in physical
properties and to have the highest contaminant levels , most notably in Connecticut rivers and
bays and in the western region of Long Island Sound that have fine-grained sediments. Dredging
of navigational channels, marinas, and shipping berths has removed sediment and associated
contaminants in the bays and harbors of Long Island Sound over time, which in turn may reduce
contaminant levels in these locations and the potential for transport to nearby areas (depending
on the local hydrodynamics). Many of the shoreline alternatives appear to be in areas with
higher sand content, which would be an important consideration in the suitability evaluation.
Due to the proximity of some of the CAD cell and CDF alternatives to areas with known
contaminant sources and sediment hot spots, site-specific alternatives evaluations will be needed
for specific projects.

The following sections provide generalized information for nearshore and shoreline alternatives
and identify sources of information that offer more site-specific data.

The USGS grain size information used to identify possible placement alternatives can be found
in the geological setting section (Section 4.2.3). USGS TOC data (Poppe, et al., 2000) could also
be evaluated for site-specific information. USGS, NS&T, and NCA datasets were analyzed for
proximity of sampling stations to the nearshore/shoreline alternatives (Table 4-10). The
locations are shown in Figure 4-15 through Figure 4-17.

Confined Placement
In-harbor CAD cells

The three CAD cell alternatives are located in the central and western areas of the sound.
Contaminants have been identified as a potential concern in coastal bays in this area, notably
near New Haven Harbor, Bridgeport, and the Housatonic River (Varekamp, et al., 2014). CAD
cells that require excavation of the sediment would need to be evaluated on a project- and
alternative-specific basis.
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Table 4-10. Sediment Quality Data Available for the Nearshore/Shoreline Environment.

Sediment/Bioaccu-
mulation Sampling
Environment | Alternative Type | Alternative ID | Stations within 1 Mi | USGS? | NS&T® | NCA*
G 45 X X
In-Harbor CAD H 45 X X
Cell M 18 X X
B 27 X
L 10 X X
N None
P 5 X
Q None
Island CDF R 13 X X
A 10 X
C 21 X X
D 16 X X
F 1 X
I 15 X X
J None
K 17 X X
Shoreline CDF 0] 13 X
177 None
178 None
179 None
121/446 None
Nearshore/ 453 None
Shoreline 173 None
Environment 180 2 X
454A 11 X
454B 1 X
455/82 None
445 None
171 None
Nearshore Bar 170 4 X
Placement/ 63 1 X
Nearshore Berm 456 None
Sites! 441 10 X
320 3 X X
440 None
449 5 X
438 7 X X X
433 7 X X
434 7 X X
323 3 X
467 None
364 5 X X
451 None
447 None
327/333/330 8 X X
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Table 4-10. Sediment Quality Data Available for Nearshore/Shoreline Environments
(continued).

Sediment/Bioaccu-
mulation Sampling
Environment | Alternative Type | Alternative ID | Stations within1 Mi | USGS? | NS&T® | NCA*
337 40 X X
457 4 X
365 None
GP 21 X
367 5 X
368 3 X
381/382 None
384 None
600 None
601 None
620 2 X
323 2 X
433 5 X X
434 5 X X
436 3 X
365 None
457 4 X
364 6 X X
444 14 X X
451 4 X
337 41 X X
320 29 X X
441 15 X
442 17 X X
450 14 X X
447 None
438 4 X
440 None
Beach 449 5 X X
Nourishment 181 5 X X X
453 None
63 1 X
456 10 X
454E 1 X
454W 1 X
455/82 None
384 None
367 None
368 6 X
171 None
173 None
177 None
178 None
179 None
170 4 X
180 2 X
445 None
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Table 4-10. Sediment Quality Data Available for Nearshore/Shoreline Environments
(continued).

Sediment/Bioaccu-
mulation Sampling
Environment | Alternative Type | Alternative ID | Stations within1 Mi | USGS? | NS&T® | NCA*

446 None

343 12 X

474 5 X X
339 38 X

459 14 X X
348 None

480 10 X

467 None

468 None

325 7 X X
327 7 X X
329 12 X X
330 7 X X
331 12 X X
332 18 X X
333 7 X X
344 None

345 21 X

121 None

64 None

67 None

68 3 X

111 None

76 10 X

79 None

381 None

382 None

437 None

600 None

601 None

620 None

1Generally placed along the ~15-ft depth and high relief mounds.

2The USGS dataset includes multiple studies from 1975 to 2000. Analytes include grain size, metals, PAHs, PCB
congeners, butyltins, and pesticides. Additional analytes include carbon (inorganic, organic, and total), nitrogen,
ammonia, AVS, volatiles, chemical oxygen demand, cation exchange capacity, and total solids, water weight,
radionuclides. Not all studies included all analytes.

3The NS&T data included metals, PAHs, PCB congeners, and pesticides, in surficial sediments and soft tissues of
bivalve mollusks or fish from more than 300 coastal sites nationwide from 1984 to 2012. Additional analytes
include but are not limited to butyl tins, carbon, fluorescent aromatic compounds, organochlorines, perfluoro
compounds, PBDEs, dioxins, furans, grain size, and sewage markers. Not all studies included all analytes.

“The NCA data included grain size, metals, PAHs, PCB congeners, butyl tins, and pesticides, dioxins, and furans.
Additional analytes include, but are not limited to, water content, nutrients (magnesium, calcium, phosphorus),
alkanes, and carbon (inorganic, organic, and total). Not all studies included all analytes. 2000 to 2006
(Environmental Monitoring and Assessment Program [EMAP] data covered the time period 1990 to 1993).
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Island CDFs

The six Island CDF alternatives were identified in three regions of Long Island Sound. Each is
located along the northern shore of Connecticut. There appears to be high variability in the
potential levels of contamination from site to site and each site would need to be evaluated
individually.

Shoreline CDFs

The eight shoreline CDF alternatives include Hempstead Harbor in New York and locations
along the northern shore of Connecticut. High variability in the potential levels of contamination
from one site to the next is possible; therefore, these sites would need to be evaluated on a site-
specific basis.

Beneficial Use
Nearshore bar/berm placement

The many nearshore bar and berm alternatives are located in diverse areas with variable
contamination concentrations. Many of these areas would be expected to have high sand
contents and generally lower contamination levels.

Beach Nourishment

The beach replenishment alternatives were identified as having medium- to coarse-grain sand.
Sands tend to have very low contaminant levels due to their lower affinity for chemical
contaminants.

4.5.4 Soil Quality in the Upland Environment

Generally speaking, soils in the program area, as in the entire northeast, have often been
appreciably altered by human activity. In many cases, soil ecological function has been reduced
or lost. This is largely true for many of the upland alternative sites, which include existing
landfill facilities, a former airport, and eroded beaches and marshlands.

Nonetheless, the upland dredged material placement projects are largely considered to be
ecologically beneficial ways to use these sediments. However, each of these alternatives will be
guided by a construction design and/or permit that requires that the material used meet physical
and chemical specifications. In addition, many of these alternatives will require that the material
be dry. Potential dewatering sites have been identified for the program area (USACE, 2010a).

Landfills Placement and Cover/Capping

The landfills identified as potential dredged material placement alternatives are all currently
permitted, operating facilities. Contaminated soils have been identified at one landfill site
(Alternative 60), but the remedial investigation and corrective action have been completed.
Similar concerns do not currently exist at the other landfill alternatives (Alternatives 59, 61, 251,
and 272). Each identified upland alternative has limited information available and would require
a project-specific review to determine final suitability of dredged material quality for use. One
landfill (Alternative 59) accepts fill material; the remaining landfill facilities may accept
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materials suitable for site capping or cover provided the material meets site specifications (Table
4-11).

Brownfields and other Redevelopment Sites

Reconstruction projects that can benefit from dredged material have been planned at the former
Flushing Airport (Alternative 422/423), located in Flushing, New York. Specific soil or
groundwater contamination at the site has not been identified, but an environmental assessment
(EA) has not been performed. The Brownfield alternative 422/423 (Flushing Airport) projects
are required to use clean fill for wetlands and uplands restoration (NYSDEC, 2010a). For
restoration, fine-grained dredged materials can be used beneficially to further the site restoration
goals, provided the material meets the associated design and use regulatory criteria. The site is
situated above a sole-source aquifer, so marine dredged material sources would also need to
consider salt content, among the other chemical constituents.

Habitat Restoration, Enhancement, or Creation Sites

Jamaica Bay is a highly urbanized estuary with several (capped) landfills, municipal wastewater
treatment plants, and combined sewer overflows (CSOs) along its perimeter (Benotti, et al.,
2007). Soil and sediment contamination has been identified in and near Jamaica Bay (CARP
(2007), although direct marsh loss poses one of the greatest threats to the Jamaica Bay
ecosystem. The bay receives wastewater from four municipal wastewater treatment plants,
which, along with sea-level rise, have contributed to significant marsh loss (JBRS, 2001). The
habitat restoration projects are located near Jamaica Bay (Alternative Sites 427 and 429). The
alternatives have used, and can continue to use, dredged material from regional navigation
projects to rebuild and expand these beach and wetland areas. Rebuilding these marshlands may
counter the loss in ecological function of the bay that has occurred over the past half century.

Table 4-11. Upland Environment Soil Resources.

Environment Alternative Type Alternative ID Resources Present
Landfill Placement 59 Sand and gravel?
60 Available area for increased vegetation?
Landfill 61 Area for increased vegetation®
Cover/Capping 251 Area for increased vegetation?
Upland 272 Avrea for increased vegetation?

Environment Brownfields & Other

Redevelopment 4221423 Ecosystem habitat?
Habitat Restoration / 427 Barrier beach/local storm surge protection®
Enhancement or
Creation 429 Ecosystem habitat?

Sources: NYSDEC (2015); CTDEEP (2014d); USDA (2014); USACE (2014a).
project-specific assessments will be necessary for each of these alternative sites if they are used for placement.
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46 WATER QUALITY
4.6.1 General Long Island Sound Setting

Marine Water Quality in the Study Area

This section describes the water quality (temperature, turbidity, nutrients, biomass/chlorophyll,
DO, pH, pathogens, and toxic contaminants) of Long Island Sound in general, with a focus on
inshore-to-offshore gradients. This discussion relies on the numerous Sound-wide studies and
long-term monitoring efforts (HydroQual (1996); NYSDEC and CTDEP (2000); Latimer, et al.
(2014), and references therein), rather than any site-specific water quality information.
Information specific to alternative sites is limited in both time and space, and, when available
(sporadically), the data provide only a snapshot in time. The long-term monitoring and other
Sound-wide studies (including seasonal, inter-annual, and spatial variations) provide a more
complete understanding of water quality in this region.

Concerted efforts to identify and quantify water quality problems in Long Island Sound began in
the early 1970s. At that time, problems related to impaired surface water quality of Long Island
Sound triggered the closing of approximately 25% of shellfishing beds in New York state waters.
Bathing beaches were also closed because of high bacteria counts. Eutrophication of marine
waters in bays due to nutrient loadings, alteration of salinity regimes as a result of decreased
stream flow and reduced groundwater seepage, and discharge of inadequately treated wastewater
and untreated stormwater runoff directly into Long Island Sound surface waters also degraded
the water quality of the Sound (Wolfe, et al., 1991). These concerns stimulated a number of
studies by academic and government institutions, resulting in an extensive body of water quality
data generated by many monitoring programs dating back more than 30 years. The EPA
sponsored the largest of these studies, the Long Island Sound Study, which began in 1985 when
Congress funded EPA to conduct studies of the pollution problems facing Long Island Sound
and to develop a comprehensive management plan for improved management of the Sound. The
Comprehensive Conservation and Management Plan for Long Island Sound (EPA, 1994) was
approved in September 1994. Key water quality issues identified by the Long Island Sound
Study include low DO, toxic contamination, pathogens, floating debris, and the health of living
organisms of the Sound (EPA, 1998). In 2000, a Total Maximum Daily Load (TMDL) was
established for the Long Island Sound Study that seeks to reduce nitrogen loading to the Sound
to reduce hypoxia and help meet DO water quality standards (NYSDEC and CTDEP, 2000).
While loadings of nutrients, pathogens, and contaminants to Long Island Sound have been
reduced dramatically since the early 1970s, Long Island Sound is still considered an impaired
water body. A comprehensive review of historical and more-recent data (Latimer, et al., 2014)
sheds new light on a number of these issues by examining how they have been addressed in the
last decade and how well the system has responded to the remedies. Most of the data discussed
in this section have been collected as part of the Long Island Sound Study over the last 30 years.

EPA’s NCA developed a water quality index that is used to qualitatively compare conditions in
coastal waters across the United States (EPA, 2012). The water quality index is based upon five
parameters: dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP) in
surface waters, chlorophyll in surface waters, DO in bottom waters, and water clarity as
measured using a Secchi disk. Good water quality is defined as water containing low
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concentrations of nitrogen, phosphorus, and chlorophyll a; high concentrations of DO; and high
water clarity. Fair water quality conditions are defined based on a range of threshold values:
DIN greater than or equal to 0.1 to 0.5 milligrams per liter (mg/L); DIP greater than or equal to
0.01 to 0.05 mg/L; chlorophyll a greater than or equal to 5 to 20 pg/L; DO less than or equal to
5 to 2 mg/L; and Secchi depth less than or equal to 3.6 to 2.3 ft. Nutrient and chlorophyll values
higher than the maximum thresholds and DO and Secchi depths lower than the minimum
thresholds are indicative of poor water quality for the NCA index.

As with many conditions in the Sound, water quality improves from west to east. The average
water quality in the Narrows over the 20-year period of 1991-2010 is best described as fair
(63%), with a relatively high percentage of readings (32%) that fell in the poor category (Figure
4-19). The percentage of good readings increases from a minimum of 5% in the Narrows to
about 25% in the Western Basin and 84% in the Eastern Basin. Similar trends of improving
water quality from the Narrows in the west to the Eastern Basin are discussed below for each of
the parameters included in the water quality index.

The Narrows Western Central Eastern

0.
16%
43%
63%
70%

B Good Fair HPoor

Source: EPA (2014b)
Figure 4-19. EPA’s NCA Water Quality Index.

Temperature

Long Island Sound experiences a wide range of temperatures over an annual cycle (USACE,
1998). During more than 18 months of Long Island Sound Study surveys in 1988 and 1989,
temperatures ranged from less than 2°C (36°F) in the central Sound (March 1989) to greater than
24°C (75°F) (August 1989) (HydroQual, 1996). However, temperatures tend to be quite uniform
vertically and horizontally in the winter and spring. In the summer and fall, temperatures tend to
increase from east to west, with the exception of colder water near the mouth of the Connecticut
River (Reid, et al., 1979). Vertical temperature gradients show a progression from unstratified
(i.e., constant temperature from the surface to the bottom) winter conditions to stratified
conditions (warmer water on the surface) in the summer and a return to unstratified conditions in
the fall (usually completed by the end of September). The Long Island Sound Study surveys
showed a typical temperature gradient of 3 to 5°C from top to bottom during the summer
(HydroQual, 1996). The stratification of the water column hinders the mixing of surface waters
with bottom waters and is a dominant factor controlling duration and intensity of low oxygen
conditions in Long Island Sound bottom waters in the summer months (Latimer, et al., 2014).
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A recent analysis of long-term temperature data sets from the 1940s to the 2000s showed that
surface water temperatures in central Long Island Sound have warmed about 1.6°C from 1948 to
2012 (~0.03 °C per year; Rice, et al. (2014)). Long Island Sound Study data from Millstone
Environmental Laboratory have also shown a steady increase in seasonal temperatures, with the
most pronounced change observed during the winter months (January-March) (EPA, 2014b).
The data from this nearly 30-year time series show how variable annual mean temperature can be
in the Sound, but they also corroborate the other findings—that there has been a clear increase in
surface water temperatures over the past few decades (Figure 4-20). The continued increase in
water temperatures in the Sound will have unknown and potentially profound impacts on its
biota, the ecosystem, and its functions.
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Figure 4-20. Annual Mean Surface Water Temperature (°C) at the Millstone
Environmental Laboratory (1976 to 2011).

Turbidity

Organic and inorganic particulate matter in the water column is measured as total suspended
solids (TSS) in milligrams of solids per liter of water. The term “turbidity” is often used when
referring to TSS; however, turbidity is more correctly defined as an optical property of water
referring to the blockage of light as it passes through water. The higher the levels of particulate
matter, the higher the turbidity. In general, turbid water interferes with recreational use and
aesthetic enjoyment of water (EPA, 1976). Higher turbidity also lowers water transparency,
increasing light extinction (a measure of the penetration of light through water) and reducing the
depth of the euphotic zone. This decreases primary production and decreases food for fish and
shellfish. Thus, turbidity plays an important role in the productivity of phytoplankton and the
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distribution of aquatic plants (e.g., submerged aquatic vegetation [SAV]) in Long Island Sound.
Direct or indirect measures of turbidity are most often made in the spring and summer, the most
biologically productive seasons in Long Island Sound.

Field measurements of water transparency are most often made with a Secchi disk, a round disk
painted with black and white markings that is lowered into the water until it is no longer visible.
Secchi disk measurements can be converted to extinction coefficients using the relationship

ke = 1.7/SD, where ke is the light extinction coefficient and SD is the water depth at which the
Secchi disk is no longer visible. The Long Island Sound Study 1988 to 1989 field study found
that turbidity and extinction coefficients decreased eastward (water transparency increased) in
the Sound and were lowest in the Eastern Basin. In the East River, light extinction coefficients
were consistently high, generally ranging from 1.0 to 1.5 per meter (corresponding to a euphotic
zone depth of 3 to 4.5 meters) (HydroQual, 1996). For western Long Island Sound, O’Shea &
Brosnan (2000) report summer mean Secchi depths from 1986 to 1999 corresponding to light
extinction coefficients of 0.9 to 1.9 per meter. In the Eastern Basin, extinction coefficients were
consistently near 0.4 per meter, which corresponds to a euphotic zone depth of about 11 meters
(HydroQual, 1996).

Nutrients

Nutrients include the organic and inorganic forms of nitrogen, phosphorus, and silica. These
exist in aquatic environments in both dissolved and particulate form. In Long Island Sound,
nitrogen is the primary limiting nutrient for algal growth (if this nutrient is increased, plant
growth will increase). Nutrients have been measured in Long Island Sound for over 60 years.
The Long Island Sound Study has measured nutrients more or less continuously throughout the
Sound since the mid-1980s (HydroQual (1996); EPA (1998); CTDEEP (2013a); Latimer, et al.
(2014)).

The significant sources of nitrogen and phosphorus to Long Island Sound include municipal and
industrial wastewater treatment plants, CSOs, nonpoint sources (runoff from land use activities),
and atmospheric deposition directly to water surfaces (NYSDEC and CTDEP, 2000). In addition
to these direct sources of nitrogen and phosphorus, organic matter that has been deposited into
the surficial sediment layer has the potential to release nutrients to the overlying water column
over time as it decomposes. Loading of silica to the system is primarily due to non-
anthropogenic sources via influx of offshore waters and directly to the system from rivers due to
erosion and weathering. A nitrogen TMDL was developed for Long Island Sound in 2000 in an
effort to address the hypoxia problems in the Sound (NYSDEC and CTDEP, 2000). The TMDL
seeks to reduce nitrogen loading to the Sound by 58.5%. Best management practices and other
efforts are being used to decrease nonpoint sources and atmospheric deposition, but the primary
effort is focused on improving treatment technologies at wastewater treatment plants (WWTPS)
in the region. WWTPs in New York and Connecticut discharging into Long Island Sound and its
tributaries have reduced their nitrogen load by more than a third since 1990, from a baseline
value of 210,000 pounds (Ibs) N/day to an average of 135,000 Ibs N/day (CTDEEP, 2011a).

The Long Island Sound Study uses an indicator called ‘point source nitrogen-trade equalized
loads’ that normalizes the nitrogen loads based on locations in the Sound where the load is
discharged. The current circulation in the Sound tends to retain materials in the system. The
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residence time for nitrogen loads is longer in western Long Island Sound than in eastern Long
Island Sound, which communicates directly with offshore waters. Thus, nitrogen loading to the
western Sound will have more of an impact to water quality (and ultimately hypoxia) than
discharges farther east. There have been substantial decreases in nitrogen loading from both
New York and Connecticut since the TMDL took effect (Figure 4-21). Over the last couple of
years, equalized loading has been reduced to about half that of the baseline value. Unfortunately,
as noted in Section 4.5, a large reservoir of nutrients and organic carbon in the sediments of
Long Island Sound continues to fuel bacterial respiration in the bottom waters (i.e., releases
nutrients from the sediments to the water column seasonally), which in turn continues to
contribute to periods of hypoxic conditions in parts of the Sound.
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Figure 4-21. Summary of In-basin Equalized Nitrogen Loading (pounds per day).

The Long Island Sound Study sampling program measured concentrations of ammonia (NHz), as
well as different forms of nitrogen such as nitrate + nitrite (NOx), particulate organic nitrogen
(PON) and total nitrogen (TN) either directly or by difference (HydroQual, 1996). Generally,
the highest concentrations of each form of nitrogen were found in the East River and western
Long Island Sound, with concentrations diminishing toward the east (HydroQual, 1996). In the
East River, mean TN was highest in the winter months (~2.2 mg/L) and was generally less than
1.5 mg/L in other seasons. While a trend towards diminishing concentrations was observed to
the east, the concentrations of TN in the Western, Central, and Eastern Basins were similar, all
generally ranging between 0.2 and 0.5 mg/L. No systematic difference in the concentrations of
nitrogen species was observed between surface and bottom waters. Anderson & Taylor (2001)
found NHz to be the dominant nitrogen species in western Long Island Sound and, while
concentrations were highly variable, they observed both NHz and NOy increasing relatively
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constantly from July through October 1993. Some variability was accounted for by rainfall
events. Anderson & Taylor (2001) observed no systematic vertical gradients in nitrogen species.

The 1989 to 1999 Long Island Sound Study sampling program measured dissolved inorganic
phosphorus (DIP, also referred to as orthophosphate-PO4) and total phosphorus (TP) in Long
Island Sound waters. Concentrations of both DIP and TP are the highest in western Long Island
Sound and decrease toward the east (HydroQual, 1996). Monthly average TP concentrations
ranged from 0.16 mg/L in the East River to 0.03 mg/L in Block Island Sound. DIP
concentrations ranged from 0.14 mg/L in the East River to 0.02 mg/L in Block Island Sound.
Temporally, TP and DIP displayed distinct cyclical variations, with concentrations increasing
beginning in late spring, reaching a maximum in late summer, and declining through autumn and
winter before reaching a minimum in early spring (HydroQual, 1996).

Dissolved silica is an important nutrient required by unicellular plants such as diatoms, in which
particulate silica is generally in a form not available for immediate algal uptake or is bound in
siliceous organisms such as diatoms. The Long Island Sound Study measured both dissolved
and particulate silica. As for other nutrients, the highest concentrations of dissolved silica were
found in the East River and diminished in an easterly direction, although the trends were not as
significant as those observed for nitrogen and phosphorus species (HydroQual, 1996). Monthly
averages of dissolved silica ranged from about 0.5 to 2.2 mg/L in the East River to about

0.2 mg/L in Block Island Sound. Seasonally, concentrations in the western Long Island Sound
rose from late spring to peak in late summer, then declined to near zero concentration in early
spring. The more easterly regions of Long Island Sound exhibited similar seasonal patterns
(HydroQual, 1996). The seasonal fluctuations are also due in part to uptake of nutrients by
plants such as phytoplankton and macroalgae.

Biomass (Organic Carbon/Chlorophyll)

The spatial distribution and temporal variability of chlorophyll (a measure of phytoplankton
biomass) in Long Island Sound are discussed in Section 4.7. This subsection simply summarizes
the chlorophyll results along with information on the inputs of anthropogenic organic carbon, as
both of these impact bottom water DO levels and the phytoplankton biomass serves as the direct
link between high nutrient/eutrophic conditions and hypoxia. As observed for nitrogen, there is a
strong gradient of decreasing chlorophyll from west to east across the Sound. The highest levels
are consistently observed in the Narrows in association with high nitrogen loading (Latimer, et
al., 2014). In addition to the nutrient load from the WWTPs and rivers, there is also an organic
carbon load (both particulate and dissolved). The biological oxygen demand (BOD) from these
organic materials shows a similar trend, with higher BOD to the west and near river mouths.

The steps taken since 2000 to reduce the nutrient load from WWTPs has also decreased loading
of BOD. However, the reduction in nutrients has not as yet led to a decrease in chlorophyll
levels (see Figure 4-27), nor have the areal extent or duration of the hypoxic events changed
significantly (see details in next section).

Dissolved Oxygen

DO, an important gauge of water quality, indicates the ability of the water body to support a
well-balanced aquatic faunal community. Additionally, DO in the water column, particularly in
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bottom waters, prevents the chemical reduction and subsequent leaching of iron and other
elements from sediments and is required for the biochemical oxidation of ammonia in natural
waters (EPA, 1976). In estuaries, DO concentrations can range from saturation (the highest
amount of DO which the water can hold at equilibrium) to 0 mg/L (anoxia). Saturation varies
with water temperature and salinity, but is about 7.5 mg/L when water temperature is 22 °C, a
typical summer temperature in Long Island Sound. Hypoxia, or low DO concentrations, has
been identified as the most pressing priority problem in Long Island Sound. Both the states of
New York and Connecticut have established state water quality standards for DO for various
water quality classifications (see text box). The Long Island Sound Study has defined the onset
of hypoxia as 3 mg/L (EPA, 1990).

State DO Water Quality Standards
The primary pollutant contributing to
hypoxia in Long Island Sound is nitrogen. As required by the Clean Water Act (Section 303),

As previously discussed, nitrogen is the the states of Connecticut and New York have
limiting nutrient for algal production and adopted DO water quality standards for coastal and
leads to the generation of organic carbon marine surface waters. The states have set criteria or
that eventually sinks into the bottom water quality goals for water resources depending
waters and depletes oxygen when upon the water’s class and/or designated use(s). DO

should not be less than 5.0 mg/L at any time (New

. York and Connecticut water quality standard) for the
loads to Long Island Sound also contribute following: protecting marine fish, shellfish, and

directly to hypoxic events (NYSDEC and | \iqlife habitat; harvesting shellfish for transfer to
CTDEP, 2000). There is no evidence of a | approved areas for purification prior to human

consumed by bacteria. Organic carbon

persistent DO gradient associated with consumption; primary contact (swimming) and
sediment oxygen demand (i.e., the secondary contact (navigation); and recreation (i.e.,
biological and chemical processes that use Class SB Waters) (CTDEP (2002); NYSDEC
oxygen in sediments) once the bottom (1999)). DO should not be less than 6.0 mg/L

water DO has begun to be depleted. That (Connecticut water quality standard) or 5.0 mg/L
is, sediment oxygen demand is dependent (New York water quality standard) at any time for

upon water column DO concentrations and shellfish harvesting for direct human consumption
(Class SA Waters) (CTDEP (2002); NYSDEC

(1999)). In 2000, a TMDL was developed to reduce
nitrogen levels by 58.5% from a 1990 baseline to
meet DO water quality standards.

does not exacerbate hypoxic events (Welsh
& Eller, 1991). Hypoxic occurrences have
been recorded in the Western Basin of
Long Island Sound during the summer
months each year since sampling began in
1986 (EPA, 1998) (Figure 4-22).

Natural variations in weather and physical factors have affected the size of the hypoxic area, the
duration of the event, and the degree to which the DO concentrations have fallen. Generally,
hypoxia events span a period of 40 to 80 days (Figure 4-23). The occurrences can start as early
as mid-June and can end mid- to late September (EPA, 1998). Hypoxia steadily develops
through the summer as bacteria consume the supply of phytodetritus (debris from dead
phytoplankton) and other organic material descending to bottom waters as well as the existing
historic organic carbon in the sediments. Hypoxic conditions propagate from near the East River
in an easterly direction, reaching well into the Central Basin of the Sound, in concert with
increasing seasonal stratification (Torgersen, et al., 1997). Intermittent mixing events can
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ventilate bottom waters during the summer; eventually, DO is restored during fall turnover of the
water column, returning to well-mixed conditions (EPA (1998); Anderson & Taylor (2001)).
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Figure 4-22. Frequency of Hypoxia in Long Island Sound Bottom Waters.
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Figure 4-23. DO Levels in Long Island Sound.
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Evaluations by Lee & Lwiza (2008) of meteorological and physical oceanographic data highlight
the importance of wind strength and predominant direction on the establishment and intensity of
hypoxia in the Sound. Their analysis of CTDEP data from 1995-2004 showed a significant
correlation between bottom DO concentrations and density stratification in the shallower waters
(less than 49 ft) in western Long Island Sound. At deeper stations in central Long Island Sound
and farther east, this relationship is not significant. Hypoxic volume was weakly correlated to a
combination of summer wind speed, spring total nitrogen, spring chlorophyll a, and maximum
river discharge (multiple regression had r? = 0.92). However, the weakest variable was the total
nitrogen; when it was excluded from the multiple regressions, the r? only dropped to 0.84 (Lee &
Lwiza., 2008). Modeling efforts have also shown how important climatic processes and wind-
induced mixing are in controlling the evolution of summertime hypoxia in western Long Island
Sound (Wilson, et al., 2008).

pH

As discussed above, excessive nutrient loading into coastal ecosystems promotes algal
productivity, and the subsequent microbial consumption of this organic matter lowers oxygen
levels and contributes toward hypoxia. A second, often overlooked consequence of microbial
degradation of organic matter is the production of carbon dioxide and reduction in pH associated
with that process. The overall acidification of the ocean has become a major focus of climate
change research as the increasing carbon dioxide concentrations in the atmosphere have been
somewhat mitigated by carbon dioxide being transferred into the oceans and decreasing pH
levels. In coastal waters, this is further exacerbated under eutrophic conditions and has been
linked to elevated mortality in larval finfish and shellfish (Talmage & Gobler (2010); Baumann,
et al. (2012)). This suggests that acidification, which has been intensified by climate change
(Doney, et al., 2009), may be currently altering the ability of coastal waters such as Long Island
Sound to support robust fisheries. Current, high-quality pH data for the Sound are limited;
however, in the coming years, pH measurements will become more and more prevalent in coastal
monitoring programs.

Pathogens

Pathogens are bacteria and viruses that, when ingested or contacted by humans, cause illnesses or
diseases such as gastroenteritis, cholera, typhoid fever, salmonella, or hepatitis A. Pathogens
that concentrate in the fecal waste of infected humans or warm-blooded animals enter Long
Island Sound through both point and nonpoint pathways. Specific sources of pathogens include
improperly treated or untreated sewage discharges from CSOs, sewage treatment plant
breakdowns, stormwater runoff, waterfowl and animal wastes, septic systems, inadequately
treated sewage discharges from boats, and illegal connections to storm drain systems (EPA,
1990). There are no practical tests for pathogens in the environment, so coliform bacteria (i.e.,
total coliform bacteria, fecal coliform bacteria, and Enterococcus) are often used as surrogates
(i.e., indicators). The sources of fecal coliform bacteria to Long Island Sound in 1986 included
urban runoff (47%), rivers and upstream sources (52%), and sewage treatment plants (1%) (EPA,
1990). The open waters of Long Island Sound are not often tested for indicator bacteria; rather,
waters near beaches or other recreational areas and near shellfish beds are most often tested for
these bacteria. A survey of 240 monitored beaches along Long Island Sound (131 in Connecticut
and 109 in New York) from 1993 through 2000 showed no significant increasing or decreasing
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trends in the number of pathogen-related beach closure days (EPA, 2001b). However, more-
recent data through 2012 shows a clear and steady increase in beach closure days since 2000
(Figure 4-24).

There are a few important factors to note when examining the trend in beach closure days. The
most important is that, during the early 2000s, there was a change in indicator bacteria from
using fecal coliforms to enterococci. An EPA study (1986) of appropriate indicator bacteria
found that fecal coliforms were not reliable predictors of human illness. In contrast, enterococci
were very good predictors of illness in all fresh and marine recreational waters. In 2000, the
EPA Beach Act recommended use of enterococci, and by 2004 the use was promulgated for our
nation’s coastal waters. This switch to the more robust enterococci indicator not only tied beach
closures more closely to potentially infectious pathogens, but also likely resulted in an increase
in the number of beach closures.

Additionally, the main environmental factor influencing beach closures is rainfall and the
associated runoff (direct runoff, via rivers, or via combined stormwater and sanitary outfalls).
For instance, the highest numbers of beach closure days were observed in 2011; this was likely
due to the impact of tropical storm Irene (August 2011) and other storms. Inter-annual changes
in the number of summer storms and rainfall will continue to instill variability into this indicator
of pathogens in Long Island Sound. If climate change forecasts for more frequent tropical
storms and an overall increase in precipitation are correct, the numbers of days that the beaches
are closed will likely continue to trend upward and be variable from year to year.

1600
1400
Z 1200
a
= 1000
g
2 800
o
(@]
= 600
[S]
(]
@ 400
200 -
0 .
(90} < [Vp} (o) ™~ o0 ()} o — o o < [Tp} (e} N~ o0 ()} o — (@]
a a a a a a a o o o o o o o o o o — — —
(o)} (o)) (o)) (o)) (o)) (o)) a o o o o o o o o o o o o o
i i i i i i i o oN o o (9] o [qV] [qV] o [qV] (@] [qV] o
ENY WCT

Source: EPA (2014b).
Figure 4-24. Number of Beach Closure Days at New York and Connecticut Beaches
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Toxic Contaminants - —
Method Detection Limits

Toxic contaminants in the water column are
almost always found at trace levels and, The method detection limit (MDL) is the
therefore, are usually measured indirectly. That | minimum concentration of a substance that can
is, contaminants are measured in biota that may | be measured and reported with 99% confidence
have bioaccumulated (i.e., taken up or that the analyte concentration is greater than
concentrated) the pollutants from the water zero. The MDL does not imply accuracy of
column (for example, the NS&T Mussel Watch precision of-the quantltatlve meagurement, but
oroject (NOAA, 2014c), or measured in protects against incorrectly reporting the
sediments (see Section 4.5). Thus, there are presence of a compound at low concentrations

. . : in cases when noise and actual analyte signal
limited data on dissolved or particulate may be indistinguishable. The MDL is

contaminants in Long Island Sound. designed to control against “false positives”
_ (reporting detection of a substance when none
One source of contaminant data for Long Island is actually present) at the 99% confidence level

Sound is studies conducted in support of in an ideal matrix. Reporting a false positive at
dredged material testing. EPA collected and the MDL concentration in a sample that does
analyzed site water from near the CLDS in not contain the analyte should be rare (<1%).
January 2000 and the CSDS in September 2001 | Therefore, a signal that represents the presence
(EPA, 2004) as part of testing conducted to of a substance in a sample at the MDL

concentration is not likely to be false (Oblinger

determine the suitability of sediments dredged Childress, et al., 1999)

from harbors in Connecticut for placement. The
data from these analyses show that all ambient
metals levels were below applicable water
quality standards. The pesticides and PCBs evaluated were not detected with the exception of
endosulfan sulfate at CLDS and methoxychlor at CSDS. However, measured concentrations of
these compounds were below applicable water quality standards. Similarly, low-molecular-
weight PAHSs (i.e., the two- and three-ring PAHSs, which exhibit some water solubility) were
detected at CLDS, but all measured concentrations were found to be below applicable water
quality standards. The higher-molecular-weight PAHs were not found above the method
detection limits (MDLs) (EPA, 2004). It should be noted that the MDLs for many of the
pesticides were historically well above the water quality standards.

A recent review of literature on metal and organic contaminants in the Sound (Mitch & Anisfeld,
2010) summarized available data since 1994. Their findings confirm the relatively low
concentrations of metal contaminants presented above. Dissolved metal concentrations in waters
from across the Sound were well below Connecticut and New York water quality standards for
the eight metals for which there was sufficient data (cadmium, copper, iron, lead, mercury,
nickel, silver, and zinc). Reported levels of copper, nickel, and zinc were the only ones that even
approached the same order of magnitude as the water quality standards (Mitch & Anisfeld,
2010). Spatial trends from west to east were observed, the strongest of which was for lead and
silver. Levels of those two metals were much higher in the East River than in western Long
Island Sound, though there was little variation from western to eastern Long Island Sound. Lead
and silver are closely associated with WWTP effluent and likely signal the high loading of
effluent into the East River. Mitch & Anisfeld (2010) noted that dissolved concentrations of
cadmium, copper, nickel, and zinc tended to decrease from western to eastern Long Island
Sound, while concentrations of iron and mercury increased. They attributed the trend of
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increasing iron concentrations to riverine inputs from the Connecticut River, while the mercury
increase was ascribed to a decrease in adsorption by organic material (i.e., less organic material
in the water column and sediments to the east means less mercury can be adsorbed; therefore,
more remains in the water column). Mitch & Anisfeld (2010) also note that there have been
substantial decreases in metal concentrations in western Long Island Sound since 1994, with
mean lead, mercury, silver, and zinc levels decreasing by 6%, 18%, 25%, and 29%, respectively.
They do not attribute this to any specific factor, but it is consistent with improved source
reduction and WWTP upgrades. It should be noted that general decreases in metal and organic
contaminants in WWTP and industrial effluents and nonpoint source discharges has led to
decreased loadings of these contaminants to coastal waters and sediments (Mitch & Anisfeld,
2010). Thus, the newly deposited sediments in the harbors are not as contaminated today as they
were decades ago.

Summary

The primary threat to water quality in Long Island Sound is nutrient loading to the system.
Recent efforts to reduce the load from wastewater discharges have reduced the load of nitrogen
by about 50% compared to 1990 levels. Surprisingly, as the TMDL-induced efforts are
approaching the prescribed maximum nitrogen loading limit, the extent and duration of hypoxia
remains unchanged. The onset of hypoxia is dependent upon temperature and stratification,
while the persistence (extent and duration) is influenced by both bacterial utilization of organic
material and meteorology (wind ventilation events). The loading of new organic material to the
bottom waters is likely brought about by decreases in nitrogen levels (though current levels may
still be above those necessary to limit primary production), but any reduction in loading is more
than compensated by the historic accumulation of organic matter in the sediments. Climate
change likely plays a role in the variability, spatial extent, and severity of Long Island Sound
hypoxia by changes in winds, rainfall, and even the pH on a local and regional scale.

Upland Water Quality in the Study Area

The upland portions of the study area include surface water (lakes, ponds, rivers, and streams)
and groundwater resources. Each of the three states within the study area has developed a
classification system to characterize water resources under state regulatory programs. In
addition, the EPA has identified sole-source aquifers in the study area as those groundwater
resources that supply 50% or more of an area’s drinking water with no viable alternative sources.
These aquifers are considered a priority resource for protection and conservation.

New York

All waterbodies in New York are given a water quality classification based on criteria
established under New York State’s Environmental Conservation Law, Title 5 of Article 15.
Those classifications are defined in New York Codes, Rules, and Regulations (NYCRR),
Chapter X - Division of Water Resources, Part 701 and predate the Federal CWA. Streams and
waterbodies classified as Class C or above (Classes N, AA-S, A-S, A, and B) are collectively
considered protected waterbodies in New York.

Class N: Source water for drinking and food processing, primary and secondary contact
recreation, and fishing. Also suitable for fish, shellfish, and wildlife. No discharges or
flow alteration allowed that will impair the receiving waters.
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Class AA-S: Source water for drinking and food processing, primary and secondary
contact recreation, and fishing. Also suitable for fish, shellfish, and wildlife. No
discharges, flow alteration, nutrient inputs, or turbidity increases allowed that will impair
the receiving waters.

Class A-S: Source water for drinking and food processing, primary and secondary
contact recreation, and fishing. Also suitable for fish, shellfish, and wildlife. This
classification may be given to international boundary waters.

Class AA: Source water for drinking and food processing, primary and secondary contact
recreation, and fishing. Also suitable for fish, shellfish, and wildlife. These waters meet
or will meet NYSDOH drinking water standards with approved disinfection treatment.

Class A: Source water for drinking and food processing, primary and secondary contact
recreation, and fishing. Also suitable for fish, shellfish, and wildlife. These waters meet
or will meet NYSDOH drinking water standards with approved coagulation,
sedimentation, filtration, or disinfection treatment.

Class B: Suitable for primary and secondary contact recreation and fishing. Also suitable
for fish, shellfish, and wildlife.

Class C: Suitable for fishing and fish, shellfish, and wildlife.

Class D: Suitable for fishing and fish, shellfish, and wildlife, but natural conditions such
as intermittent stream flow may limit these uses.

In addition to these classifications for surface waterbodies, the State of New York also
categorizes its groundwater resources in fresh and saline categories.

Class GA: Fresh groundwater that is suitable source for potable water supply.

New York State maintains a database of water quality, the degree to which certain uses are
supported, and identification of potential threats to water quality through the Waterbody
Inventory/Priority Waterbodies List. This program assesses each basin in the State on a five-
year rotating basis. The basins within the study area include the Atlantic Ocean/Long Island
Sound Basin and the Lower Hudson River Basin. Portions of these basins are highly developed,
and water quality suffers from urban runoff, municipal wastewater, failed septic systems,
dredged material placement, groundwater/surface water intrusions, thermal discharges, and
contamination from past industrial activities. These sources have led to water quality
impairments from nutrients, pathogens, reduced DO, temperature, turbidity, metals, and organic
contaminants (NYSDEC (2011); NYSDEC (2008)).

Connecticut

There are three classes of inland surface waters in Connecticut based on the guidance developed
under Section 22a-426 of the Connecticut General Statutes (CGS)and Section 303 of the Federal
CWA. These classifications are intended to establish the general uses for each waterbody and to
determine the allowable discharges, alterations, and development.
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Class AA: Drinking water supply, recreational use, agricultural use, industrial supply,
and habitat for fish and wildlife. Discharges are limited to those from public or private
drinking water treatment systems, dredging, dewatering, and clean water discharges.

Class A: Drinking water supply, recreational use, agricultural use, industrial supply,
navigation, and habitat for fish and wildlife. Discharges are limited to those from public
or private drinking water treatment systems, dredging, dewatering, and clean water
discharges.

Class B: Recreational use, agricultural use, industrial supply, navigation, and habitat for
fish and wildlife. Allowable discharges include public or private drinking or wastewater
treatment systems, industrial cooling waters, dredging, dewatering, and clean water
discharges.

The State of Connecticut also classifies its groundwater resources into four categories.

Class GAA: Existing or potential public drinking water supply without treatment.
Discharges limited to treated domestic sewage and agricultural wastes.

Class GA: Existing private or potential public and private drinking water supply without
treatment. Discharges limited to treated domestic sewage and agricultural wastes.

Class GB: Industrial cooling or process water, not suitable for human consumption
without treatment. Discharges limited to treated domestic sewage and agricultural
wastes.

Class GC: Special permitted uses including lined landfills. Discharges restricted to
certain waste facilities dependent on permit requirements.

In addition, CTDEEP identified aquifer protection areas through its Aquifer Protection Program.
This program identifies areas that contribute groundwater to a high-yield public water supply
well field to promote land-use regulations and protect the drinking water supply. The program is
limited to public water supply well fields that serve populations of 1,000 people or more.

The State of Connecticut includes five major watershed basins: Thames, Connecticut, Central
Coastal, Housatonic, and Western Coastal. The state compiles the Connecticut Integrated Water
Quality Report to monitor the health of these waters every two years. Major impairments to
water quality in the state stem from urban stormwater runoff, CSOs, municipal wastewater
treatment plants, failed septic systems, flow alteration, and former industrial discharges.

Rhode Island

The RIDEM Office of Water Resources implements the water quality standards program in the
State of Rhode Island according to Chapters 46-12 and 42-17.1 of the Rhode Island General
Laws. The classifications are summarized in the Section 305(b) State of the State’s Waters
Report (RIDEM, 2012a) and include four classifications for freshwater.

Class AA: Drinking water supply, primary and secondary contact recreation, fish
consumption, and habitat for fish and wildlife. These waters also have excellent aesthetic
value.
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Class A: Primary and secondary contact recreation, fish consumption, and habitat for fish
and wildlife. Suitable for use as industrial process and cooling water, hydropower,
agriculture, and navigation. These waters also have excellent aesthetic value.

Class B: Primary and secondary contact recreation, fish consumption, and habitat for fish
and wildlife. Suitable for use as industrial process and cooling water, hydropower,
agriculture, and navigation. These waters also have good aesthetic value.

Class B1: Secondary contact recreation, fish consumption, and habitat for fish and
wildlife. Suitable for use as industrial process and cooling water, hydropower,
agriculture, and navigation. These waters also have good aesthetic value.

The RIDEM Office of Water Resources also classifies the groundwater resources of the state into
four categories:

Class GAA: Known or presumed to be suitable for drinking water supply without
treatment and located within one of the three groundwater resource priority areas.

Class GA: Known or presumed to be suitable for drinking water supply without
treatment but not located within one of the three groundwater resource priority areas.

Class GB: May not be suitable for drinking water supply without treatment due to a
known degradation.

Class GC: May not be suitable for drinking water supply due to certain waste disposal
practices.

Water quality impairments noted in the State of Rhode Island List of Impaired Waters include
biodiversity, nutrients, pathogens, mercury, and total toxicity due to wastewater treatment plants,
stormwater outfalls, septic systems, and agricultural and urban runoff (RIDEM, 2012b). These
impairments have led to observed effects in Rhode Island waterbodies such as excess algal
growth, taste, odor, color, chlorophyll a, sedimentation, and noxious aquatic plants (RIDEM,
2012b).

4.6.2 Open-Water Environment Water Quality

There are clear gradients in some water quality parameters from west to east across the Sound.
These are primarily driven by higher nutrient loading rates in the western end of Long Island
Sound. As noted in Section 4.6.1, these high nutrient loads lead to increased phytoplankton
biomass and in turn lower bottom water DO in the Narrows and western Long Island Sound
compared to eastern Long Island Sound. Hypoxia starts earlier, lasts longer, and is more severe
in the westernmost reaches of the Sound and shows a decreasing trend in severity and duration as
it progresses eastward. Therefore, hypoxia is expected to be most severe at WLDS, least severe
at NLDS, and moderately severe at alternative sites CLDS, CSDS, and confined open-water
Site E (Sherwood Island Borrow Pit). The levels of pathogens in the open water are not known,
but they are expected to be very low and consistent across the Sound. Dissolved contaminant
levels are well below water quality standards for metals and for those organics that have been
quantified. There are some spatial trends in the dissolved metal concentrations, but since they
are all very low there is little to distinguish the open-water alternative sites.
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All three states in the study area have water quality goals for their respective marine surface
waters and have established water quality criteria for key parameters (CTDEEP (2012b);
NYSDEC (1999), (2008); and RIDEM (2010)). These goals and criteria are associated with
various water quality classifications that vary slightly from state to state (Table 4-12). The
highest classification for marine waters in each of the states is the SA classification, which
includes the most sensitive water uses (e.g., harvesting of shellfish for human consumption).

Although lower water quality classifications (i.e., SC and SD in New York) exist, all of the open-
water alternative sites are located in SA-classified waters (Table 4-13; Figure 4-25). Physical,
chemical, and biological criteria have been established as parameters of minimum water quality
necessary to support these surface water use classifications. The water quality goals and
applicable criteria for each state in the study area are listed in Table 4-12 for reference.

4.6.3 Nearshore/Shoreline Environment Water Quality

None of the water quality studies cited in Section 4.6.1 included water quality information
specific to the nearshore environment. However, there were clear gradients in water quality
parameters from west to east across the Sound. Nutrient loading and ambient concentrations
tended to be higher in western Long Island Sound and decreased to the east. This was also the
case with phytoplankton biomass. The combination of shallower depths (see Figure 4-2) and
higher organic matter loading to the sediments leads to an earlier occurrence, higher frequency,
and more intense hypoxia in the western Sound than farther to the east. These gradients could
reasonably be expected to be present along the nearshore/shoreline alternatives from west to east,
although there are no data available to readily confirm this trend across alternative sites.

The nearshore and shoreline sites fall into either SA- or SB-classified waters (Table 4-14; Figure
4-25). The main difference between SA and SB waters is the ability to directly market harvested
shellfish for human consumption (SA) or need for the shellfish to be depurated prior to
consumption (SB). Physical, chemical, and biological criteria have been established as
parameters of minimum water quality necessary to support these surface water use
classifications. The water quality goals and applicable criteria for each state in the study area are
listed in Table 4-12 for reference.
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Table 4-12. Marine Water Quality Classifications and DO Numeric Criteria.

Marine
Classification

Connecticut!

New York?

Rhode Island?®

SA

e habitat for marine fish,
other aquatic life and
wildlife;

o shellfish harvesting
for direct human
consumption;

e recreation;

e industrial water
supply; and

e navigation

o shellfishing for market
purposes;

e primary and secondary
contact recreation and
fishing; and

e suitable for fish,
shellfish, and wildlife
propagation and
survival.

shellfish harvesting for
direct human consumption;
primary and secondary
contact recreational
activities;

fish and wildlife habitat;
suitable for aquaculture,
navigation and industrial
cooling; and

good aesthetic value.

mg/L with
cumulative periods of
DO in 3.0-4.8 mg/L
range?

daily average

0 may fall <4.8 mg/L for
a number of days based
on formula*

SB o habitat for fish and e primary and secondary |e primary and secondary
other aquatic life and contact recreation and contact recreational
wildlife; fishing; and activities;

e recreation; e suitable for fish, o shellfish harvesting for
e navigation; and shellfish, and wildlife controlled relay and
e industrial and propagation and depuration;
agricultural water survival. e fish and wildlife habitat;
supply. e suitable for aquaculture,
navigation, and industrial
cooling; and
e good aesthetic value.

SA and SB e DO e DO e Stratified waters

Numeric DO 0 Acute: not<3.0 mg/L | o Acute: not <3.0 mg/L 0 surface waters: DO not

Criteria 0 Chronic: not<4.8 0 Chronic: not <4.8 mg/L <4.8 mg/L more than

once every three years,
except as naturally
occurs

0 bottom waters: levels
protective of Aquatic
Life Uses

Mixed waters

o DO>4.8mg/L

o If DO <4.8 mg/L, the
waters shall not be:

= <3.0 mg/L for >24hrs
consecutive during
recruitment season;

* nor <1.4 mg/L for
>1 hour more than
twice during the
recruitment season;

= nor shall they exceed
the cumulative DO
exposure levels®

CTDEEP (2012b); 2NYSDEC (1999); *RIDEM (2010); “NYSDEC (2008).
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Table 4-13. Water Quality Classifications in the Open-Water Environment.

Water Quality
Classification

Environment

Alternative Type

Alternative ID

CT

NY

RI

Open-Water

Unconfined Open-
Water Placement

WLDS, CLDS, CSDS,
NLDS

SA

NA

NA

Environment

Confined Open-
Water Placement

E

SA

NA

NA

NA = not applicable
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Figure 4-25. Surface Water Quality Classifications in the Long Island Sound Study Area.
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Table 4-14. Water Quality Classifications in the Nearshore/Shoreline Environment.

Water Quality
Classification
Environment Alternative Type Alternative 1D CT NY RI
In-Harbor CAD
Cell G, H M SB NA NA
B,N,P,Q SA NA NA
Island CDF LR B NA NA
A NA SB NA
Shoreline CDF C,D,F,J,0 SA | NA | NA
I, K SB NA NA
177, 178, 179, 121/446, 453,
173, 180, 454A, 454B, 455/82,
Nearshore Bar 445,171, 170, 63, 456 NA SA NA
Placement/ 441, 320, 440, 449, 438, 433, NA NA
Nearshore Berm 434, 323, 467, 364b/364c, 457,
Nearshore/ Sites 365, GP, 367, 368 SA
Shoreline 451, 447, 327/333/330, 337 sB | NA | NA
Environment 381/382, 384, 600, 610, 620 NA | NA SA
339, 343, 344, 345, 323, 433,
434, 436, 365, 457, 320, 442,
438, 440, 449, 367, 368, 467,
468, 474 SA NA NA
325, 329, 451, 337, 447, 327,
Beach 330, 331, 332, 333, 348, 364,
Nourishment 441, 444, 450, 459, 480 SB NA NA
453, 63, 64, 67, 68, 76, 111,
456, 454E, 454W, 455/82, 437,
171, 173, 177, 178, 179, 170,
180, 445, 446, 121, 79 NA SA NA
181 NA SB NA
384, 381, 382, 600, 610, 620 NA | NA SA

NA = Not applicable
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4.6.4 Upland Environment Water Quality

Based on surface water classification datasets from New York, Connecticut, and Rhode Island,
there is potential for certain surface water resources to occur near the Landfill Placement,
Landfill Capping/Cover, Brownfields/Redevelopment, and Habitat Restoration sites. In addition
to surface waters, several of these sites are also located within sole-source aquifers or
groundwater resource areas (Figure 4-26). No specific Upland CDFs or Innovative Technology
sites have been identified to date. If a location were to be identified within the Long Island
Sound study area, the water resources would need to be investigated at that time. Surface water
and groundwater resources present within 1 mi of each resource are presented in Table 4-15.
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Figure 4-26. Groundwater Resource Areas in the Study Area.
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Table 4-15. Water Quality Resources in Upland Environments.

Environment Alternative Type Alternative ID Resources Present
Landfill Placement 59 Nassau-Suffolk Sole-Source Aquifer?
60 Nassau-Suffolk Sole-Source Aquifer?
61 Nassau-Suffolk Sole-Source Aquifer?
) CT Class A and B Surface Waters?
Landfill CT Class GB Groundwater?
Cover/Capping Aquifer Protection Area - Manchester
Upland 251 Water Department?
Environment CT Class A Waters?
272 CT Class GB Groundwater?
Brownfields & Other NY Class C Waters®
Redevelopment 4221423 Brooklyn-Queens Sole-Source Aquifer!
Habitat Restoration/ NY Class SB Water (marine)®
Enhancement or 427 Brooklyn-Queens Sole-Source Aquifer!
Creation 429 NY Class SB Water (marine)®

Sources: 'EPA (2007a); 2CTDEEP (2011b); SCTDEEP (2013b); * (CTDEEP, 2012c); SNYSDEC (2010b).
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4.7 PLANKTON

This section provides a general description of the phytoplankton and zooplankton of the greater
Long Island Sound area. The available plankton data are not specific to the various open-water
or nearshore alternative sites; rather, the data apply to the entire Sound. As with the water
quality data discussed in Section 4.6, the plankton data reveal clear temporal and spatial trends
that may be relevant to dredging operations and placement activities.

Early studies of plankton in Long Island Sound were conducted as part of general oceanographic
studies. These studies evaluated various aspects of the phytoplankton (Riley & Conover, 1967)
and zooplankton (Deevey, 1956). More-recent studies run the gamut from very detailed studies
of various aspects for certain species or groups of species (e.g., Kudela & Gobler (2012);
Hattenrath, et al. (2010)) to more routine monitoring that provides general descriptions of
phytoplankton biomass (as measured by chlorophyll) and community structure patterns Sound-
wide or in specific parts of the Sound (Capriulo, et al. (2002); Goebel, et al. (2006); Liu & Lin,
(2008), Dam, et al. (2010); Rice, et al. (2014); Latimer, et al. (2014)). Site-specific studies have
not focused on plankton community structure at the four open-water alternative sites or at the
numerous nearshore/shoreline alternative sites evaluated in this PEIS. Therefore, this discussion
focuses on general aspects of the Sound-wide community as they apply to the open-water
alternative sites.

4.7.1 General Long Island Sound Setting

Plankton form the base of the marine ecosystem’s food chain. They are small, free-floating or
weakly swimming organisms that drift through the water column. They play a crucial role in
transferring carbon and nutrients up to higher trophic levels.

Phytoplankton are single-celled plants that produce organic carbon via photosynthesis. The level
of primary production (as this process is called) varies based on the availability of light and
nutrients. In the temperate waters of Long Island Sound, there is a clear seasonal signal (light-
and temperature-related) to phytoplankton primary production, and the rates of production are
enhanced due to the high rate of nutrient loading to the system (see Section 4.6). Parts of Long
Island Sound, but especially western Long Island Sound, are eutrophic, with very high nutrient
loading to the system that leads to elevated rates of production. Ultimately, increased transfer of
organic material to the sediments occurs, often leading to hypoxic conditions in this system.

Zooplankton range in size from small (less than 50 micrometers [um]), single-celled,
microzooplankton to larger, multicellular, macrozooplankton. The zooplankton serve as the first
trophic transfer—often referred to as secondary production—from phytoplankton to larger
pelagic or benthic organisms. The mechanisms followed for this transfer are important to the
development and understanding of how an ecosystem’s fisheries and other larger organisms
function. Changes to zooplankton community structure and abundance are likely to have
ramifications higher up the trophic ladder.

In general, the plankton community in the study area appears to be consistent with that expected
for the mid- to north Atlantic (Capriulo & Carpenter (1983); Peterson (1983); Anderson &
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Taylor (2001); Capriulo, et al. (2002)). One of the primary environmental factors affecting the
nature of the phytoplankton and zooplankton communities in Long Island Sound is the seasonal
stratification of the water column. The water column is well-mixed from fall through early
spring, but increased freshwater runoff and increasing water temperatures cause buoyant, warmer
water to become layered over denser, colder water during late spring, summer, and early fall.
This stratification results in seasonal changes in the distribution and abundance of the plankton
community.

Phytoplankton

Phytoplankton cycles in Long Island Sound revolve around seasonal blooms in early spring,
summer, and fall. These algal blooms occur when environmental factors stimulate
phytoplankton growth to levels that exceed the removal of cells by death and grazing. Diatoms
typically bloom in the spring (February and March), dinoflagellates dominate the bloom in the
summer (June and July), and diatoms again dominate the bloom in the fall (September and
October) (Conover (1956); Capriulo & Carpenter (1983); Liu & Lin (2008)).

Phytoplankton are typically evenly distributed throughout the water column before the onset of
seasonal stratification. They receive nutrients from several sources, including the sea floor
(Peterson, 1983). After stratification, nutrients are locked below the pycnocline (the density
gradient set up by the differences in temperature and salinity between the surface and bottom
layers), and phytoplankton populations decline as the nutrients they require are used and not
replenished above the pycnocline. Occasional summer blooms may occur if increased tidal
mixing during new moon phases (Peterson, 1983) or disturbance of bottom waters by storms
(Anderson & Taylor, 2001) breaks down the stratification barrier and releases nutrients into the
photic zone (zone within which light penetrates and photosynthesis occurs). Fall blooms occur
following turnover of the stratified waters typically by late September.

One indicator that the Long Island Sound Study measures (EPA, 2013a) is the winter/spring peak
monthly mean chlorophyll concentrations at monitoring stations in western Long Island Sound
(Figure 4-27). This winter/spring monthly mean can peak any time from February to April and

is used to compare this important seasonal bloom across years. Typically, the winter/spring
bloom exhibits the highest chlorophyll concentrations and phytoplankton abundances of each
year. From 1991 to 2000, there was a clear decrease in the magnitude of the peak, suggesting
that decreases in nutrient loading may have had an effect on phytoplankton and primary
production. Further data, however, confirmed that this was a short-lived trend; from 2001 to
2013, levels increased and remained relatively high, peaking at nearly 50 micrograms per liter
(ug/L) in 2012. The factors contributing to the decreasing trend in the 1990s and the seemingly
more historically consistent and higher levels since 2000 continue to be the focus of much
research, but these trends clearly indicate that phytoplankton biomass and abundance are variable
in Long Island Sound.
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Source: EPA (2014c).
Figure 4-27. Winter/Spring Bloom Period Peak Monthly Mean Chlorophyll.

Spatial trends in chlorophyll concentrations have also been well documented. The Long Island
Sound Study dataset includes chlorophyll measurements at 20 stations from the Narrows across
to eastern Long Island Sound. As discussed in Section 4.6, there is a strong gradient of
decreasing DIN concentrations from west to east across the Sound. Annual mean chlorophyll
concentrations at the western Narrows stations are consistently three to five times higher than
those measured in eastern Long Island Sound (Dam, et al., 2010). However, unlike the gradient
in nitrogen that consistently shows a relatively strong decrease from the Narrows to western
Long Island Sound to central Long Island Sound, the annual chlorophyll levels are more variable
spatially; the only consistent difference is between the most extreme western and eastern ends of
the Sound. A review of seasonal satellite chlorophyll fluorescence imagery shows just how
consistent phytoplankton biomass is across the Sound (Figure 4-28). These plots display the
seasonal means for winter (January-March) and spring (April-June) over 9 years from January
1998 to June 2006. These plots not only highlight the clear differences between the extreme
western and eastern portions of the Sound, but also show how similar levels are across the rest of
the Sound. Importantly, the graphs suggest that there may be more of an inshore-to-offshore
gradient in chlorophyll levels than a west-to-east one.
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Figure 4-28. Winter (January-March) and Spring (April-June)

Seasonal Mean Chlorophyll Fluorescence (1998 — 2006).

Phytoplankton abundance and species identification data have not been collected as frequently as
chlorophyll concentrations, but individual studies indicate that trends in abundance are similar to
those discussed for chlorophyll. As with chlorophyll, phytoplankton abundance typically peaks
in the winter/spring with a secondary peak in the fall, both of which are associated with diatom
blooms of various species (Conover (1956); Harris & Riley (1956)). Work in the early 1990s
and 2000s has shown maximum phytoplankton abundance occurring in the summer—still
dominated by diatoms with elevated abundances of dinoflagellates and unidentified
microflagellates (Capriulo et al. (2002); Liu & Lin (2008)). Spatially, phytoplankton abundance
shows similar trends with chlorophyll: significant differences between the western and eastern
ends of Long Island Sound, with the highest numbers being observed concomitant with the high

nutrient levels in the Narrows.

Overall, the phytoplankton community in the Sound is dominated by diatoms (61%), with
dinoflagellates (26%) as subdominants that peak in abundance in the summer. Much of the
remaining phytoplankton consists of other smaller species (chrysophytes, raphidophytes,
chlorophytes, cryptophytes, and other unidentified species (unpublished data from S. Lin as



Final Programmatic Environmental Impact Statement for the December 2015
Long Island Sound Dredged Material Management Plan Page 4-101

reviewed in Latimer, et al. (2014)). The predominance of diatom species suggests that
eutrophication has not impacted the entire Sound, though it has been posited that the variations in
dominant diatom species spatially across the Sound are a potential response to eutrophication
(Cloern (2001); Latimer, et al. (2014)).

One of the main focuses of phytoplankton research is on harmful algal blooms (HABS) as they
pose both direct human health risks and potentially severe economic impacts. About 2% of the
approximately 4,100 known phytoplankton species are capable of causing HABs such as brown
or red tides (Smayda, 1997). HABs have generally increased in prevalence since the 1980s
(Anderson & Garrison, 1997) and are of concern because of the devastating effects they can have
on other marine organisms and humans. It is not clear what has caused the apparent increase in
HAB frequency and severity of impacts, but studies point to an array of potential interrelated
factors including climate change, eutrophication, and invasive species (Smayda (1997);
Hattenrath, et al. (2010)).

Brown tides caused by the bacteria Aureococcus anophagefferens have been reported from
Narragansett Bay to Long Island (Peconic Bay and bays along the south shore), but have not yet
occurred in Long Island Sound, although the bacterium has been found in small numbers (Bricelj
& Lonsdale (1997); Greenfield & Lonsdale (2002)). Brown tides caused by this species can
have serious effects on the ecosystems in which they occur by reducing light levels available to
plants such as eelgrass (Zostera marina) and by severely reducing growth and causing high
mortalities in bivalves such as mussels (Mytilus edulis) and bay scallops (Argopecten irradians)
(Bricelj & Lonsdale, 1997).

Historically, red tides have been relatively infrequent in Long Island Sound and were limited in
toxicity and observed in isolated embayments (Anderson & Garrison, 1997). However, the
frequency and magnitude of such blooms have increased over the past few years in some of the
Sound’s more eutrophic estuaries and bays (Hattenrath, et al. (2010); Kudela & Gobler (2012);
Hattenrath, et al. (2013)). For example, the dinoflagellate Alexandrium fundyense, which
produces a saxitoxin that is responsible for the majority of paralytic shellfish poisoning (PSP)
along the northeast coast, has been observed in the embayments along the Sound since at least
the early 1980s (Anderson, et al., 1982). However, it wasn’t until 2006 that A. fundyense blooms
led to high PSP toxicity and the closure of shellfish beds in the Sound (Northport-Huntington
Bay). These blooms have since become an annual occurrence in these waters, and evidence
suggests that the increased frequency and magnitude may be related to nutrient loading to the
Bay (Hattenrath, et al., 2010).

A. fundyense is just one of many HAB species that have gotten the public’s and researchers’
attention in the last few years. For example, the dinoflagellate Dinophysis acuminata, which is
associated with diarrhetic shellfish poisoning (DSP), was reported in high densities in Northport-
Huntington Bay from 2008 to 2011 (Hattenrath, et al., 2013). This species bloomed in such high
densities in 2011 that DSP toxin levels exceeded FDA action levels for the first time on the east
coast of the United States. These occurrences are not just limited to embayments in the western
Sound. A. fundyense blooms have become annual problems from Northport Bay to Narragansett
Bay and many embayments in between. In 2004, another HAB dinoflagellate, a species of the
genus Cochlodinium that produces ichthyotoxins that can kill many marine organisms, was first
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reported in Peconic Bay and has formed large, annual blooms from 2004 to 2011 (Kudela &
Gobler, 2012).

In the context of this PEIS, A. fundyense, like many dinoflagellates, has a resting life stage where
it forms cysts that lie dormant in the sediments. As highlighted by Anderson, et al. (1982), who
documented the presence of A. fundyense cysts in five embayments in 1982 (and are likely
present in more today [D. Anderson, personal communication, April 22, 2014]), the potential for
this organism to spread via natural advection and human activities (including dredging and
placement) should be monitored closely.

Zooplankton

Unlike phytoplankton, there are no analogous ancillary measurements like chlorophyll that are
relatively easy to measure for zooplankton. Thus, even fewer studies have been conducted to
characterize zooplankton in Long Island Sound, and less is known about this portion of the food
web for the Sound. The primary resources available are from studies conducted in Long Island
Sound in the 1950s (Deevey (1956); Conover (1956)), 1979-1980 (Capriulo & Carpenter, 1983),
1980s (Peterson, 1986), 1990s (Capriulo, et al. (2002)), 2000s (Dam & McManus (2009); Dam,
et al. (2010)), and most recently 2010-2011 (Rice, et al., 2014). The data from these various
surveys were primarily collected within central Long Island Sound, and the studies were often
limited in focus. Since 2000, work conducted as part of the CTDEEP monitoring program is
more comprehensive both temporally and spatially. For this PEIS, these data have been
combined to summarize the zooplankton community in the Sound and highlight any trends that
may be of interest pertaining to potential dredging and material placement for this portion of the
affected environment.

Zooplankton are divided operationally and functionally into microzooplankton (35 to 200 pum)
and mesozooplankton (greater than 200 pum). The microzooplankton consist primarily of
ciliates, including tintinnids, other heterotrophic ciliates, and Myrionecta rubra (Latimer, et al.,
2014). The Long Island Sound mesozooplankton group is dominated by copepods (80% to 90%)
(Deevey (1956); Dam & McManus (2009)). There is some crossover between the micro- and
mesozooplankton designations; for example, copepod nauplii and other smaller copepodite
stages are small enough to fall in the microzooplankton size class but are functionally associated
with the mesozooplankton copepods.

Capriulo & Carpenter (1980), (1983) studied the abundance and feeding biology of
microzooplankton in Long Island Sound. These are primarily protozoans such as tintinnids.
Capriulo and Carpenter (1983) found 28 species of tintinnids in the Sound and found that the
highest diversity occurred from September to April. Tintinnid abundances ranged from 268 to
12,600 individuals per liter, with the highest numbers occurring in July and August.
Occasionally, rotifers were also abundant. Capriulo and Carpenter (1983) concluded that
tintinnids, by virtue of their high abundances and ingestion rates, were important herbivores in
Long Island Sound. They emphasized, however, that because tintinnids feed more efficiently on
small phytoplankton, they did not directly compete with copepods, which are significant grazers
on larger organisms (often including these tintinnids). The relative importance of the traditional
phytoplankton-to-copepod food web vs. the microbial loop (bacteria/nanoplankton to
microzooplankton to copepods) is an intense area of study in the Sound and has been cited as one
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reason why the decrease in nutrient loading has not had a major impact on hypoxia (Capriulo, et
al. (2002); Dam, et al. (2010)).

The broad range of water temperatures (0 to 77°F) in Long Island Sound induces seasonal
dominance of distinct boreal (winter—spring) and warm-water (summer—fall) copepod
communities, both containing species adapted to the reduced and variable salinity of estuarine
waters (Deevey (1956); Peterson (1986)). The numerically important species in Long Island
Sound are few (Acartia hudsonica, Temora longicornis, and Pseudocalanus minutes in winter—
spring; and Acartia tonsa, Paracalunus crassirostris, Centropages sp., and Oithona sp. in
summer—fall) and there has been little change in the dominance of these species since the 1950s
(Deevey (1956); Latimer, et al. (2014)).

Peterson (1985) offered observations indicating that the zooplankton community in Long Island
Sound is a relatively distinct, closed system that differs from communities in nearby Block
Island Sound or Narragansett Bay. The closed nature of the system probably contributes to the
retention of plankton species within Long Island Sound. Before stratification occurs, two
copepod species dominate separate aspects of the zooplankton community. The most abundant
species is A. hudsonica, whereas the species with the highest biomass is T. longicornis (Peterson,
1985). Pseudocalanus is the third most influential taxon. In Block Island Sound, the dominant
taxa are the copepods Centropages, Pseudocalanus, and T. longicornis, while A. hudsonica is
uncommon, likely due to its high salinity intolerance. In Narragansett Bay, A. hudsonica
dominates in biomass and numbers, and the other two species have only minor roles in the
community.

The spring assemblage described by Peterson (1985) is replaced during the summer as
temperatures warm (to 62°F in bottom waters and to 68°F in surface waters) by one consisting of
three other copepod species: Acartia tonsa, Oithona similis, and Paracalanus crassirostris
(Peterson, 1985). All three of these species occur in the Sound throughout the year, but
historically have not been abundant during the winter and early spring. The seasonal patterns in
these winter-spring and summer-fall dominant species have changed little since the 1950s. The
lone exception has been a recent change in the duration of Acartia tonsa presence (Dam &
McManus, 2009). Typically, this species was present from June to December, but in recent
years (2008 to 2010) it has remained in the Sound from June till April, perhaps in response to
warmer winter temperatures.

A recent analysis of long-term temperature data sets and changes in zooplankton community
structure from the 1950s to the 2000s in Long Island Sound has shown some significant changes.
Surface water temperatures in central Long Island Sound have warmed 0.03°C/year from 1948 to
2012 (Rice, et al., 2014). This warming has been correlated with significant decreases in the size
of the dominant Acartia sp. (tonsa and hudsonica) and an increase in the relative percentage of
the small copepod Oithona similis. These changes are consistent with predictions of what the
impact of climate change would be on marine ectotherms such as copepods (Daufresne, et al.
(2009); Dam (2013)).

Although the zooplankton community structure has remained relatively consistent over the past
60 years, there have been clear decade-by-decade differences in abundance. Comparisons of
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annual mean zooplankton abundance indicate that levels were significantly lower in 2002-2004
than in 1952-1953, but that there were no significant differences between 1952-1953 and 2008-
2009 or 2002-2004 and 2008-2009 (Latimer, et al., 2014). Zooplankton abundances in the 2000s
were generally higher than in the 1990s, but this may have more to do with sampling locations
than any real differences, though the low zooplankton abundances in 1990s were concomitant
with low phytoplankton biomass. Overall, even with the limited number of datasets, there
appears to be a great deal of variability in zooplankton abundance in Long Island Sound.

In summary, unlike water quality parameters phytoplankton researchers have not observed any
significant changes in zooplankton community structure from the nutrient-, biomass-rich
Narrows and western Long Island Sound to the lower-nutrient waters of central and eastern Long
Island Sound (Capriulo, et al. (2002); Rice, et al. (2014)). There are, however, consistent west-
east spatial differences in zooplankton abundances in the Sound (Capriulo, et al. (2002); Dam &
McManus (2009)). The zooplankton community structure may remain unchanged, but
abundances consistently decrease three- to five-fold between the extreme western and eastern
stations (Latimer, et al., 2014). The coincident decrease in phytoplankton biomass/abundance
and zooplankton abundance from west to east suggests that the zooplankton are food-limited in
Long Island Sound. Moreover, the consistent zooplankton community structure within the
Sound and elevated abundances in western Long Island Sound suggests that eutrophic conditions
in western Long Island Sound are not adversely impacting the zooplankton community.

4.7.2 Plankton in the Open-Water Environment

Most of the recent studies of Long Island Sound plankton have involved detailed studies on
various aspects for certain species (or groups of species) rather than on a description of
community structure patterns Sound-wide (or in specific parts of the Sound). Therefore, site-
specific information is not available to describe the communities at each alternative site.
However, because the primary environmental determinants of the community structure are
temperature and the seasonal stratification of the water column, it is assumed that the general
description would apply to conditions at each alternative site. For example, Capriulo, et al.
(2002) found little difference between the zooplankton communities off the shore of Milford,
Connecticut, and those off the shore of Stamford, Connecticut. Thus, it is assumed that the
plankton community at each alternative site is similar to that described for the Sound in general,
and that the primary factor controlling fluctuations in these populations is the seasonal
stratification of the water column and food availability (nutrients/phytoplankton biomass).

4.7.3 Plankton in the Nearshore/Shoreline Environment

There have not been any recent studies specifically examining the phytoplankton or zooplankton
communities at any of the nearshore/shoreline alternative sites. These sites are located within
the shallow coastal waters of the Sound, where the primary factors controlling fluctuations in
plankton communities are water temperature, nutrient abundance, water column turbulence,
stratification, and the presence of predators. There are clear gradients in some water quality
parameters and plankton from west to east across the Sound. These are primarily driven by
higher nutrient loading rates in the western end of Long Island Sound. As noted above, these
nutrients lead to increased phytoplankton biomass and, in turn, zooplankton abundance in the
Narrows and western Long Island Sound compared to eastern Long Island Sound. Plankton
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community structure, however, is quite consistent across these gradients in nutrients, biomass,
and abundance. Thus, the plankton species and community structure at these nearshore
alternatives should be similar to open-water communities in each region of the Sound.

There is limited information on the plankton communities in individual embayments; most of the
data have been collected during studies focused on HABs. These more highly eutrophic
embayments have seen an increase in the frequency and magnitude of HABSs in recent years,
often resulting in closings of shellfish beds until the HAB bloom is over and the shellfish are safe
to eat. Alexandrium fundyense is one of the dinoflagellate species responsible for red tide
blooms in the Sound. Otherwise, the information about plankton communities in general gives
no reason to conclude that the plankton community at each alternative site differs from that
described for the open waters of the Sound.

4.7.4 Upland Environment

Plankton is not applicable to the upland alternative sites.
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4.8 BENTHIC RESOURCES

The interface between the water column and sediment supports an extensive community that is
often used as an indicator of ecosystem stress or recovery status. Known as the benthic infauna
community, it consists of invertebrate organisms that live on or within the sediment, typically
inhabiting the upper 4 inches. Benthic infauna are an important component of the food web,
providing a food source for megafauna such as lobster and other motile species such as fish and
crabs. These megafauna are discussed in Sections 4.9 (Commercial and Recreational Shellfish
Resources) and 4.10 (Fish). Benthic infauna also plays an important role in geochemical and
physical processes such as sediment reworking, chemical flux, and sediment resuspension.
Benthic invertebrate community structure is used to provide a measure of ecological condition; it
is particularly useful for evaluating impacts from anthropogenic activities that result in
disturbance to the seafloor.

The structure of benthic communities is influenced by water depth, sediment grain size and
organic content, DO, sediment transport regimes, and hydrodynamics. The general condition of
the benthic community in Long Island Sound has been described in several key studies
conducted in the 1950s, 1970s, and 1980s. In addition, in recent years, a significant number of
studies have been conducted under the USACE DAMOS program relative to the impacts of
dredging and dredged material placement at designated sites within the Sound. These data
provide a generalized picture of the benthic condition in the Sound, provide a baseline from
which to assess future conditions, and allow for management of dredged material disposal at
these sites. Taken together, they illustrate some recurring dominant patterns that are discussed in
this section.

Benthic community analysis relies on sediment collections from grab samplers that collect a
discrete portion of the sediment, typically a 1.1-ft? or 0.4-ft? area with depths of 0.8 to 4 inches.
The sediment is evaluated to determine the number (abundance) and type (species when
possible) of organisms present. The abundance data are typically treated statistically to develop
ecological parameters that are used to describe the condition of the infaunal community (Figure
4-29).
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The analysis of a benthic sample begins by identifying and counting the organisms present
in the sample. The data resulting from this task are very difficult to understand and
interpret by themselves. Therefore, ecologists have developed many univariate
parameters that essentially condense the full set of species data into a single number.
These parameters range from simple calculations, such as the number of species in a
sample, to more complex derivations, such as rarefaction analysis. However, because
there is no single metric that can adequately characterize a sample, several are used in
ecological evaluations. The parameters described below are among the more common
ones used by marine ecologists to characterize samples, and therefore to characterize
communities.

Abundance — measured as the number of infaunal organisms identified in a
defined sample size or area; the actual number of organisms counted is often
extrapolated to the number per square meter by dividing the count by the sample
area.

Species — represents the number of species identified in the sample; this value
cannot be extrapolated to the number per square meter.

Shannon-Weiner Diversity (H’) — a measure of species diversity that estimates the
uncertainty associated with predicting the species identity of an organism
randomly selected from a sample. H’is O when there is only one species in the
sample and is at a maximum when all species in the sample have the same
number of individuals. Generally, maximum Hvalues for marine infaunal
communities are between 6.0 and 7.0 for very diverse deep-sea communities.
Maximum values for southern New England communities are generally less than
5.0.

Sanders-Hurlbert Rarefaction — provides a measure of diversity that can be compared
among samples having unequal numbers of individuals. The species estimate is
calculated for several randomly selected subsamples of n individuals taken from the
original sample. The estimates are graphed as continuous curves plotting the number
of species expected [ES (n)] on the Y-axis and the sample size (i.e., number of
individuals from the original sample (n) described above) on the X-axis. These curves
provide a visual comparison of diversity among samples of different sizes. More
diverse samples will have a higher number of species expected for a given sample size
than less diverse samples, resulting in “taller” lines.

Evenness — a measure of the distribution of the abundance of the organisms in a
sample among the species in that sample. The index ranges from 0 to 1 and is at
the maximum value when all species in the sample have the same number of
individuals. Pielou’s J’ is a measure of evenness.

Figure 4-29. Ecological Parameters Used to Characterize Infaunal Communities.
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While the early studies in the Sound relied on grab samples, infaunal sorting and identification,
and calculation of the parameters described above, technological developments in the 1980s,
specifically the Remote Ecological Monitoring of the Seafloor (REMOTS®) criteria used to
analyze sediment profile images described by Rhoads & Germano (1982), provided the potential
for more rapid assessment of benthic conditions and communities. The method has been refined
in the years since it was developed and is generally referred to as sediment profile imagery (SPI).
Modern benthic studies routinely include SPI as a cost-effective method for rapid assessment of
benthic conditions. SPI does not provide a full community analysis (i.e., individual organisms
are not identified or counted), but it does provide data that describe general infaunal ecosystem
health. In SPI analyses, several physical parameters are also described, and communities and
habitats are described in terms of successional stage (Figure 4-30). The staging convention is
useful in assessing ecosystem recovery following a physical disturbance and has become central
to many survey designs that are focused on monitoring the response of the seafloor to sediment
placement events.
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(a) Model of soft-sediment succession proposed by Rhoads, et al. (1978), in which disturbance is followed by
recolonization of stage 1 species consisting of opportunistic species which live in the upper few centimeters of
the sediment. Eventually, a “climax” stage 3 community is reestablished consisting of deeper-dwelling, more
long-lived type species. The successional model stages have similarities to responses of infauna along an
organic pollution gradient as proposed by Pearson & Rosenberg (1978) shown in (b).

Figure 4-30. Comparison of Soft-Sediment Successional Model Stages
with Responses of Infauna.
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4.8.1 General Long Island Sound Setting

The study of benthic habitat and benthic communities in Long Island Sound began in 1953 with
the work of Howard Sanders (1956). Since then, several large-scale studies have been
conducted, primarily in the 1970s and 1980s. Two of these studies were Sound-wide (Reid, et al.
(1979); Pellegrino and Hubbard (1983)); others have focused on specific areas of the Sound,
including the Central Basin (McCall (1977), (1978); Rhoads, et al. (1977); Rhoads & Germano
(1982)) and Fishers Island Sound (Franz (1976); Swanson (1977); Biernbaum (1979)).
Monitoring studies designed to evaluate impacts of dredging and the placement of dredged
material at sites in the Sound have been conducted under the USACE DAMOS program since
1977, and sampling in Long Island Sound has been part of EPA’s Environmental Monitoring and
Assessment Program (EMAP) and NCA since 1990. In addition to offshore deepwater surveys,
inshore benthic studies have been conducted in support of discrete energy projects affiliated with
the Northeast Utilities (NUSCO, 1999) Nuclear Power plant and the Long Island Power
Authority/Connecticut Light and Power Company Long Island Replacement Cable Project
(Ocean Surveys, Inc., 2010). While most of these studies were conducted in the Central Basin
and do not provide optimum spatial resolution, together they provide a general overview of
benthic conditions in the Sound.

The basic findings of most of the studies reviewed have shown that community structure and
abundance are related to the composition of the sediments. The Sanders study in the early 1950s
(Sanders, 1956) revealed the importance of bottom type variability in determining trends in
benthic community structure. That study found that while predominant grain size regimes could
be recognized at each station, the sediments were generally heterogeneous across the basin and
that stations with intermediate levels of sand-silt (13% to 35%) correlated with the highest
biomass values.

Reid, et al. (1979) conducted the first area-wide survey of the Long Island Sound benthos,
sampling 142 stations three times over a period of two years in 1972 and 1973. Low species
diversity values (between 1.0 and 2.0 H') were prevalent throughout much of the western portion
of the Sound, with patches of higher diversity occurring in nearshore areas and patches of lower
diversity occurring in offshore areas. Species diversity was lowest at the deep-water stations
with high silt-clay content, although some shallow-water stations also had low diversities.
Highest diversities (greater than 3.0 H’) were found in the eastern end of the Sound near Fishers
Island and south of Niantic Bay. Moderate diversity was observed throughout much of the
eastern portion of the Sound as well as along several transects in the central portion of the Sound
and at nearshore sites in the western Sound.

A later study by Pellegrino and Hubbard (1983) confirmed several of the trends seen in the study
by Reid, et al., including the increase from west to east in species richness and mean density
(individuals per sample). A reanalysis of Pellegrino and Hubbard’s data (Zajac, 1998a)
suggested that community structure was actually quite variable throughout the Sound and that
while general trends did exist; such trends should not be interpreted as smooth transitions in
community structure from west to east or shallow to deep water. Similar analysis of Reid, et al.
(1979) data revealed three faunal groups in the central and western portions of the Sound: a
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muddy, deep-water group; a sandy, shallow-water group; and a transitional shallow-water
assemblage.

The benthic communities of Long Island Sound go through strong seasonal changes (Zajac,
1998b) usually consisting of elevated abundances in the spring/early summer followed by sharp
declines during the mid- to late summer. These declines were observed to be most pronounced
(Zajac, 1998b) in deep-water sections of the study areas and are likely associated with late-
season hypoxia (or loss of oxygen from the water column, discussed further in Section 4.6).
However, there are no long-term, consistent datasets to inform an understanding of the long-term
impact of seasonal hypoxia in the Sound. Those that did include a temporal component (McCall
(1977); Reid, et al. (1979); Zajac & Whitlatch (1988) (1989)) showed that the benthos in Long
Island Sound exhibit seasonal changes in composition and abundance generally expected for this
geographic area. Such changes are correlated with reproductive cycles, with higher abundances
generally seen during the warmer summer months.

In nearshore and harbor areas, sand and mud faunal assemblages are affected by many of the
same physical and biotic processes and are similar to those found in the deeper subtidal areas of
Long Island Sound. It is notable, however, that studies examining the structure of the benthic
communities in harbors tend to clearly identify characteristics that suggest natural or
anthropogenic disturbances. Two surveys (Ocean Surveys, Inc. (2010); Cerrato & Holt (2008))
found benthic community characteristics indicative of stress in harbor populations, including
lower-than-expected species richness, low abundance, and dominance by low-successional,
opportunistic species.

A benthic index of estuarine condition (Paul, et al., 1999) was constructed for the Virginian
Biogeographic Province (from Cape Cod, Massachusetts, to the mouth of Chesapeake Bay,
Virginia) with data collected during summers of 1990 through 1993 by the EMAP. Forty-eight
metrics, based on attributes of the benthic environment, were considered for the index, including
measures of biodiversity, community condition, individual health, functional organization, and
taxonomic composition. This index is based on a measure of diversity and the abundance of
pollution tolerant taxa. Positive values signify healthy community conditions, and negative
values indicate degraded communities. The index represents an attempt to reduce a complex set
of biological measurements to a simple, interpretable value.

The EMAP calculated the benthic index for the waters of Long Island Sound based on data
collected in the early 2000s. The benthic index for Long Island Sound was reported on a Sound-
wide basis in the National Estuary Program Coastal Condition Report (EPA, 2007b). In 2007,
the Sound-wide benthic index indicated Good Quality at 56% of the stations sampled in the
Sound and Poor Quality at 37% of the stations, with 7% of the data reported as “missing.” These
numbers were based on results from 86 NCA sites sampled in Long Island Sound in 2000 and
2001. The study reported that the east-to-west gradient noticeable in other parameters (i.e.,
sediment quality, which is most impaired in the western region of the Sound) was absent in the
results for the benthic index. Rather, the best results were clustered in the western and central
portions of the Sound, and the poorest results were grouped in the nearshore waters and
tributaries in New York and Connecticut. Consequently, there was a poor correlation between
benthic condition and measures of sediment contaminant impairment (EPA, 2007b).
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The Long Island Sound Study used the same index to evaluate benthic community data collected
from 2002 to 2006 by basin in the 2012 Sound Health report (EPA, 2013a). General conditions
by basin were reported as: Western Basin=51% poor quality, 49% good; Central Basin=5% poor,
95% good; Eastern Basin=25% poor; 75% good.

Spatial trends in the Sound generally show that species richness increases from west to east over
the full extent of the Sound; however, significant heterogeneity in both sediment type and
community structure is found within basins. Areas that appear to have higher species richness
tend to coincide with coarser sediments. The large-scale, east-to-west gradient likely reflects a
larger potential species pool at the eastern end of Long Island Sound and the connection to the
open coastal waters of Block Island Sound and the Atlantic Ocean. In the Central and Western
Basins, lower species richness may reflect a smaller pool of potential species that have entered
the Sound proper, but also a smaller set that can successfully maintain populations (Latimer, et
al., 2014). Patch and smaller-scale spatial differences in species richness may be related to the
sediment characteristics of specific patches, with lower richness in muddy sediments and higher
richness in sandy and coarser sediments. Furthermore, species richness may be affected by
small-scale, physical, and biogenic habitat characteristics (e.g., Hewitt, et al. (2005)), but
interactions between small-scale habitat structure and species richness are not well-known for
Long Island Sound (Latimer, et al., 2014).

4.8.2 Benthic Resources in the Open-Water Environment

General, historic information on benthic resources provided by the Sound-wide studies described
above can be augmented by more-recent monitoring studies at discrete placement sites. The
USACE DAMOS Program has monitored placement sites in Long Island Sound since 1977,
including the four open-water alternative sites. The DAMOS program uses a tiered monitoring
framework (Germano, et al., 1994) to define the standards against which the data are evaluated
and to determine if additional investigation is required. These surveys typically utilize SPI
sampling to compare placement site stations (i.e., directly affected by a placement of dredged
material) and reference sites (outside the area of disturbance) to provide an indication of benthic
recovery in response to dredged material placement operations. Data from these surveys and
especially from the reference (undisturbed) stations provide updated information on benthic
resources at the open-water sites. EPA and USACE also sampled benthic resources, including
both SPI and grab samples, at the Western and Central Long Island Sound disposal sites in 2000
to support site designations (EPA (2004) [Appendix H-1 and H-2]).). Descriptions of the benthic
community at WLDS and CLDS (below) are based on the 2000 surveys.

Unconfined Open-Water Placement
Western Long Island Sound Disposal Site

Five stations at the WLDS were sampled for sediment composition and benthic community
structure in 2000 and 2001 (EPA, 2004). The selected stations represent a range of geographical
areas relative to the placement site (active, historical, reference, farfield and no-impact). Historic
data indicated that the WLDS is surrounded by many areas of sediment sorting and reworking.
SPI images taken in 1996 showed the sediments to be predominantly fine-grained (greater than

4 phi). In the 2000 survey, three of the five stations showed primarily fine sediments, ranging
from 70% to 89% fines in February and from 84% to 94% fines in July, while two stations were
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sandier. The active station (a location receiving dredged material) was 46% sand in February
and 31% sand in July, while the reference station had a sand fraction of 70% in February and
55% in July.

The infaunal communities found within the WLDS alternative and its nearby reference site
during the 2001 sediment characterization surveys were very similar. The mean values and
standard deviations for each station are presented as abundance, species, diversity and
evenness per 0.04 m2 grab (Table 4-16). Further univariate statistical analyses based on the
limited data available would be unlikely to derive an ecologically meaningful result.
However, multivariate techniques and consideration of species-area relationships can be
more helpful. Rarefaction analysis (Sanders (1968), Hurlbert (1971)), for example, showed
that species diversity among stations at WLDS was very similar with no station or season
emerging from the cluster of points indicating that the diversity at the disposal site is not
different from the reference site.

Table 4-16. Benthic Resources Present at the WLDS Alternative Site.

Abundance Species Shannon’s Pielou’s
(per grab) (per grab) Diversity H' Evenness J'
(base 2)
Survey Station Mean StdDev | Mean StdDev | Mean StdDev | Mean StdDev
Feb-00
Far Field E5H 1322 329 35.0 1.0 3.20 0.24 0.62 0.05
Historical EB1 1154 478 34.3 3.2 3.28 0.20 0.64 0.03
Active MD 559 288 35.7 3.5 3.77 0.08 0.73 0.01
Reference STH 840 278 39.7 3.8 3.96 0.03 0.75 0.02
Far Field W5H 671 392 29.0 2.0 2.84 0.34 0.59 0.08
Jul-00
Far Field E5H 1575 483 37.7 2.9 2.94 0.28 0.56 0.05
Historical EB1 1420 612 35.7 1.5 2.88 0.18 0.56 0.03
Active MD 910 549 36.3 55 3.56 0.31 0.69 0.03
Reference STH 1002 168 44.7 1.5 3.86 0.03 0.70 0.01
Far Field W5H 1323 631 39.0 7.0 3.36 0.23 0.64 0.04

Source: EPA (2004); sampled February and July 2000.

Three deposit feeders—the small clams Nucula annulata and Macoma tenta and the polychaete
worm Mediomastus ambiseta—were the most abundant infaunal organisms among the WLDS
samples. Together they accounted for about 49% of the fauna identified from the alternative in
July 2000 (EPA (2004) [Appendix H-1]). The average density of N. annulata across all WLDS
samples collected in July 2000 was about 10,800 individuals per square meter. Other
numerically important species were the tube-dwelling polychaete worm Ampharete finmarchica
and the surface deposit feeding worm Tharyx sp. 1B. Dominant species at each site correlated
with sediment grain size, with N. annulata being dominant at the stations that were
predominantly fine-grained. At the sandier stations, Mediomastus ambiseta and Macoma tenta
were dominant, while N. annulata was present in much smaller numbers.
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Site monitoring for dredged material placement impacts and recovery as part of the DAMOS
program (see Chapter 5 for further discussion of this program and its findings) shows that the
benthic communities typically recover from material placement within a few years (ENSR,
2005c¢). Results of monitoring from 1990 to 2004 showed that, despite ongoing placement
activity in the area, there was little to no apparent impact on the benthic community from these
activities (ENSR, 2005c).

Central Long Island Sound Disposal Site

The CLDS alternative site is located in the eastern portion of the large depositional basin
comprising much of the central area of Long Island Sound (Knebel & Poppe, 2000). Sediments
at five of the six stations studied at this alternative in 2000 and 2001 were composed primarily of
fine-grained sediments ranging from 82% to 91% fines in February and from 83% to 92% fines
in July (EPA, 2004). The considerable variability in grain size seen at one of six stations over
the same timeframe (32% to 72% fines) may illustrate the potential for heterogeneity in this area
(EPA, 2004).

The infaunal communities sampled at three mounds at CLDS (historical mounds FVP and
NHAV73 and active mound NHAV93), farfield stations (1000 m west and 2000 m west)
and its nearby reference area during the 2000 and 2001 sediment characterization surveys
had similar ranges (EPA, 2004). The mean values and standard deviations for each station
are presented as abundance, species, diversity and evenness per 0.04 m2 grab (Table 4-17).
Further univariate statistical analyses based on the limited data available would be unlikely
to derive an ecologically meaningful result. However, multivariate techniques and
consideration of species-area relationships can be more helpful. Rarefaction analysis
(Sanders (1968), Hurlbert (1971)), for example, showed that species diversity among most
of the stations sampled (including the disposal site, farfield sites and the reference site) was
very similar. However, diversity at the historical station NHAV74 (N74) sampled in
February 2000 and July 2001 was much higher than that at any other station and diversity at
the reference station in July 2000 and July 2001 was slightly lower than that at the other
stations. These results indicate that recovery at sites that have received dredged material
have recovered to levels near or exceeding nearby reference locations.

The predominant species comprising the infaunal community within the boundaries of the
alternative and at the reference locations were the small surface deposit-feeding worms
Levinsenia gracilis and Tharyx sp. 1B and the small clam Nucula annulata. Other polychaete
worms were numerically common within the alternative (Mediomastus ambiseta, Ampharete
finmarchica) or in the reference site (Nephtys incisa, Sigambra tentaculata). The clam Nucula
annulata was abundant in July 2000, attaining a density of about 4,800 individuals per square
meter and accounting for about 34% of the identified infaunal animals (EPA, 2004). However,
the species was considerably less abundant at the stations sampled in July 2001, occurring at a
density of about 250 individuals per square meter and accounting for about 3% of the identified
animals (EPA, 2004). Similar marked changes in abundance between the two years has been
noticed previously for other infaunal animals in Long Island Sound (McCall, 1978).
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Table 4-17. Benthic Resources Present at the CLDS Alternative Site.

Abundance Species Shannon’s Pielou’s
(per grab) (per grab) Diversity H' Evenness J'
(base 2)
Survey | Station | Mean | StdDev | Mean | StdDev | Mean | StdDev | Mean | StdDev
Feb-00
Far Field |[1KW 623 73 6.7 4.2 3.45 0.10 0.67 0.01
Far Field |[2KW 489 161 0.3 5.0 3.37 0.18 0.69 0.05
Historical |FVP 517 96 35.7 2.1 3.44 0.30 0.67 0.05
Historical INHAV74 612 41 44.0 7.0 3.95 0.41 0.72 0.05
Active NHAV93 388 62 33.7 3.2 3.74 0.30 0.74 0.04
Reference |REF 654 155 37.3 4.9 3.63 0.14 0.70 0.01
Jul-00
Far Field | 1KW 619 158 38.0 0.0 3.38 0.08 0.64 0.02
Far Field | 2KW 425 150 32.3 4.7 3.07 0.17 0.61 0.02
Historical | FVP 682 122 34.3 4.9 3.25 0.25 0.64 0.03
Historical [*NHAV74 | 668 30 35.3 3.2 3.02 0.10 0.59 0.01
Active NHAV93 | 406 83 38.0 2.0 4.04 0.24 0.77 0.04
Reference |*REF 598 250 317 0.6 2.83 0.41 0.57 0.09
Jul-01

Historical | NHAV74 | 429 190 35.7 5.0 3.64 0.29 0.70 0.03
Active NHAV93 | 413 34 28.7 15 2.94 0.41 0.61 0.08
Reference | REF 314 122 26.7 1.2 3.12 0.52 0.66 0.10

Source: EPA (2004); sampled February and July, 2000 and July 2001. *Grabs sampled at NHAV74 and REF in July
2000 may have been off station due to navigation error and were resampled in July 2001.

In addition to the 1999 SPI survey which supported the Long Island Sound EIS (SAIC, 2002),
the DAMOS program has collected SPI data at CLDS several times since the 2000/2001 benthic
community surveys described above. DAMOS conducted SPI surveys at the CLDS site in 2003
(ENSR, 2004), in 2004 (ENSR, 2005d), and in 2009 (Valente, et al., 2012). Each analysis
concluded that the benthic habitats within and near the alternative were generally recovering as
expected (reach equilibrium within one year), given the timing of recent sediment placement

events.

Cornfield Shoals Disposal Site

The CSDS, located in eastern Long Island Sound, is managed by USACE as dispersive (non-
depositional) placement site. Material is expected to leave the site; no attempt is made to create
stable mounds at CSDS. While CSDS is monitored to track sediment transport and
remobilization following placement of dredged material, benthic community and SPI surveys are
not typically conducted. Characteristics of the benthic community in the eastern basin, as
described above, pertain to the community expected at Cornfield Shoals.
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New London Disposal Site

Dredged material placement in the vicinity of New London, Connecticut, has taken place since
1955. Currently, the NLDS is used for the unconfined placement of sediments suitable for open-
water placement, as well as the subaqueous capping of sediments deemed unsuitable for open-
water placement without management action. The U.S. Navy conducted an initial
comprehensive study of New London in 1973. Under the DAMOS Program, NLDS has been
monitored periodically to assess the stability and thickness of dredged material and benthic
recolonization status relative to previous survey results and in comparison to nearby references
areas.

A 2007 NLDS survey (AECOM, 2009) was conducted eight months after the last recorded
dredged material placement activity; this provided ample time for recolonization of the new
mound. As expected, the Apparent Color Redox Potential Discontinuity (RPD) layer depths at
the new mound were significantly shallower than reference area values. The average depth of
the apparent RPD at the reference stations ranged from 0.5 inch to 1.5 inches during the 2007
DAMOS survey (AECOM, 2009), with an overall average of 0.9 inch. However, all stations had
advanced stages of recolonization with extensive burrowing and feeding voids present. In
contrast, the reference area stations showed benthic assemblages in the late stages of colonization
(stage 2 or 3) with evidence of deposit feeding activity.

Infaunal density and bioturbational activity at New London was moderate at the recently formed
mounds, and quite typical for the response one year after placement ceased. Recolonization at
the older mounds had continued as expected, with mature stage three communities found at
almost every station on the older mounds. The infaunal community at each of the older mounds
was considered to be fully recovered, with habitat conditions similar to those found at the
reference stations.

As seen at WLDS and CLDS, benthic communities at New London appear to recover from
material placement within a few years.

Confined Open-Water Placement

Benthic infaunal communities at the Site E alternative (Sherwood Island Borrow Pit) could be
expected to be similar to other open-water sites. Site-specific assessments of benthic
communities may be required during project-specific NEPA assessments. Recovery at Site E
may depend partly on the type of material used for capping as well as the time frame for use of
site.

4.8.3 Nearshore/Shoreline Environment

Benthic infauna are likely present in all subtidal and intertidal areas associated with potential
nearshore and shoreline placement sites. Site-specific assessments of benthic communities may
be required during project-specific NEPA assessments.
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Confined Placement

There are 17 confined placement alternative sites. Benthic infauna that occurs on sandy beaches
or coastal marshes may be found in these areas or adjacent to the areas proposed as shoreline
CDFs.

Beneficial Use
Nearshore Bar/Berm Placement

There are 39 total nearshore bar/berm placement alternative sites. Benthic infauna that occurs in
these subtidal areas may be found at or adjacent to these locations.

Beach Nourishment

There are 67 total beach renourishment alternative sites. If a beach location were to be identified
within the study area, the presence of benthic infauna would need to be investigated at that time.

4.8.4 Upland Environment

Benthic resources are not applicable to the upland alternative sites.
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49 COMMERCIAL AND RECREATIONAL SHELLFISH RESOURCES
4.9.1 General Long Island Sound Setting

Several commercially harvestable shellfish species occur throughout the study area, including
American lobster, eastern oyster, bay scallop, blue crab, northern quahog/hard clam, softshell
clam, surfclam, blue mussel, horseshoe crab, channeled whelk, and knobbed whelk. State and
local authorities regulate harvesting of these marine shellfish based on stock assessments,
management goals, and health regulations using lease agreements, harvesting seasons, and
licenses (Figure 4-31). There is no essential fish habitat (EFH) for invertebrate species currently
identified within the project area. Smaller, marine infaunal invertebrates that occur in the study
area, but are not commercially fished, are discussed in Section 4.8 (Benthic Resources), and
squid, which are free-swimming invertebrates, are discussed in Section 4.10 (Fish).

This section summarizes the status of the principal commercial and recreational shellfish
resources within the study area. Key factors likely influencing the long-term population trends
of these resources are also discussed. Table 4-18 provides general information on the life stages
and distribution of the highlighted species present in the study area, the habitat where the species
are generally found, and the preferred food sources.

American lobster

The American lobster occurs from Cape Hatteras to Labrador and is found in habitats ranging
from shallow coastal waters to depths of up to 2,300 ft (Idoine, 2000). Over their geographical
range, lobsters are found primarily in rocky areas of coastal waters; however, in the project area
they may be locally abundant in muddy areas where they can create burrows (ldoine, 2000). On
average, lobsters attain the legal harvesting size of 3.3 inches (carapace length) in 5 to 8 years in
Long Island Sound. Lobsters feed on a variety of foods, including fish and benthic invertebrates
such as crabs, sea stars, worms, and sea urchins.

In coastal waters such as those occurring in Long Island Sound, inshore lobsters are thought to
move only in localized areas during their lifetime (MacKenzie & Moring, 1985). Lobsters in the
Western and Central Basin typically remain in Long Island Sound waters, whereas Eastern Basin
populations typically migrate through “the Race” and can be found in offshore locations for part
of the year (Balcom & Howell, 2006). There has been a shift in lobster distribution in the
Central and Western Basins of Long Island Sound based on information collected during recent
CTDEEP trawl surveys (CTDEEP, 2012d). At sites with muddy bottom sediment, which is a
preferred habitat for lobster in this area, catches have shifted from shallow inshore waters to
deeper mid-Sound waters. It is speculated that the loss of optimal nearshore habitat due to
oceanic warming trends has forced lobsters to move to deeper waters (Latimer, et al., 2014).
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Figure 4-31. Shellfish Closure and Classification Areas.
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Table 4-18. Life Stages Present in Study Area, Habitat, Food, and Distribution of the

Predominant Shellfish Species Present in the Study Area.

14 days.

such as bays and harbors

settling substrate
for juveniles;
nutrients/
pathogen
interactions,
dCO,

Life Stages Potential
Present in the Environmental Distribution in Study
Species Study Area Habitat Water Depth Preferred Food Stressors Area
American Larvae Water column Intertidal zone to | Plankton Temperature, Potentially throughout salt
lobster 2,300 ft salinity, DO, water study area;
(Homarus pathogens temperature, salinity and
americanus) DO all potentially limiting
Juvenile/Adult Rocky coastal areas; muddy Fish, crustaceans, Potentially throughout the
habitats for burrowing; echinoderms, salt water study area
offshore canyons polychaetes
Eastern oyster | All life stages. Attached to natural or artificial | 8 to 35 ft. Filter feed for Salinity, pH, CT waters: Occur in
(Crassostrea Spawning in hard substrates at or below phytoplankton, dCO,, pathogens | nearshore waters. Low to
virginica) June/July. tide level zooplankton, high abundance in parts of
bacteria, detritus Western and Central
Basins.
NY waters: low abundance
in coastal embayments in
Western Basin; medium
abundance nearshore in
Central Basin.
Bay scallop All life stages. Eggs: eelgrass beds preferred; | Most abundant Filter feed for Temperature/ Nearshore waters for
(Argopecten Spawning in Adults: sandy and muddy 1-2 ft (at low phytoplankton and | salinity nursery habitat; small bays
irradians) June/July and bottoms; offshore in shallow tide) but found to | zooplankton interactions, pH, | and harbors of Peconic Bay
settlement within | to moderately deep water, depths of 33 ft. turbidity, lack of | on the eastern end of Long

Island and also found in
Great South Bay, Moriches
Bay, and Shinnecock Bay
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Table 4-18. Life Stages Present in Study Area, Habitat, Food, and Distribution of the Predominant Shellfish Species Present
in the Study Area (continued).

Life Stages Potential
Present in the Environmental Distribution in Study
Species Study Area Habitat Water Depth Preferred Food Stressors Area
Blue crab All life stages. Prefer areas with natural Up to 120 ft, but | Omnivore, eating Bottom-dweller of both
(Callinectes cover, such as submerged may migrate both plants and fresh and salt water
sapidus) aquatic vegetation, marshes, deeper in winter. | animals, such as habitats, especially
and soft-sediments, but can be thin-shelled common in estuaries.
found on any substrate and are bivalves, annelids, Habitat ranges from the
highly tolerant of temperature small fish, plants, low tide line to waters
and salinity variations. carrion, and animal 120 ft deep. Females
waste remain in higher salinity
portions of an estuary
system, especially for egg
laying.
Northern All life stages. Sandy or muddy sediments Intertidal zone to | Filter feed for DO, dCOq, CT waters: Occur up to
quahog/ 50 ft. phytoplankton, salinity, 2 nmi offshore and in
hard clam zooplankton, turbidity, water <50 ft deep. NY
(Mercenaria bacteria, detritus substrate waters: Abundant close to
mercenaria) shore in part of the
Western Basin and most of
the Central Basin. Rarely
found at the alternative
sites.
Softshell clam | All life stages. Prefer multi-habitats, Intertidal zone to | Filter feed for DO, dCOq, CT waters: medium
(Mya arenaria) including clay, mud, sand, and | a depth of 20 ft. | phytoplankton, salinity, abundance at a few sites in
gravel zooplankton, turbidity, the Western and Central
bacteria, detritus substrate Basins, otherwise low in

relative abundance.

NY waters: abundant only
in nearshore waters in
Western Basin. Medium
abundance in Central
Basin.
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Table 4-18. Life Stages Present in Study Area, Habitat, Food, and Distribution of the Predominant Shellfish Species Present
in the Study Area (continued).

Life Stages Potential
Present in the Environmental Distribution in Study
Species Study Area Habitat Water Depth Preferred Food Stressors Area
Atlantic surf All life stages. Shallow, subtidal areas with Most common in | Filter feed for DO, dCOq, CT waters: no abundance
clam coarse sediments. surf zone to phytoplankton, salinity, data.
(Spisula <240 ft zooplankton, turbidity, NY waters: occur in
solidissima) bacteria, detritus nutrients medium abundance along
north shore of Long Island.
Blue mussel All life stages. Attached to rocks, pilings and | Attached to Filter feeder Salinity change, | Throughout Long Island
(Mytilus other solid objects; intertidal rocks, pilings dCO,, H,S/ DO Sound attaching to hard
edulis) and shallow subtidal and other solid interaction surfaces with its byssal
objects threads

Horseshoe crab | All life stages. Live primarily in and around Prefer depths Worms, mollusks, | DO, spawning/ Live year round in Long
(Limulus Spawn in shallow ocean waters on soft <100 ft, but may | crustaceans, small | nursery habitat Island Sound with higher
polyphemus) May/June. sandy or muddy bottoms. be found up to fish abundances in the western

Hatchlings Occasionally come onto shore | 650 ft part of the Sound

emerge two in May and June to mate. compared to the eastern

weeks later. Sound and Peconic Bay.

Sexual maturity

is reached a

decade later.
Channeled All life stages. Shallow, intertidal to Intertidal zone to | Carnivore feeding | Salinity Throughout Long Island
whelk continental slope; sandy or 150 ft on dead fish, Sound
(Busycon muddy sediments gastropods,
canaliculatum) annelids, and

bivalves
Knobbed All life stages. Shallow, intertidal to Intertidal zone to | Carnivore feeding | Salinity Throughout Long Island
whelk continental slope; sandy or 150 ft on dead fish, Sound
(Busycon muddy sediments gastropods,
carica) annelids, and
bivalves

Sources: EPA (2004), EPA and USACE (2004).

DO = dissolved oxygen
dCO; = dissolved carbon dioxide
H>S = hydrogen sulfide
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The fishing pressure on lobster in Long Island Sound is tremendous. The fishery is believed to
capture 90% of the lobsters larger than the legal limit each year (Landers, et al., 2001). The
CTDEEP Long Island Sound Trawl Survey uses a standardized catch (i.e., number or weight
collected per survey tow) of lobsters to assess the relative abundance of the local stock (EPA,
2014d). The NMFS also provides a summary of annual landings data for the commercial fishery
in Long Island Sound (NOAA, 2014d), which is particularly useful in understanding the
economic benefit of the Long Island Sound fishery (see Section 4.19). The annual trawl survey
data provide a more accurate representation of year-to-year variability and population trends of
lobsters in Long Island Sound compared to the NMFS data because landings are influenced by
gear type, annual fishing effort, and socioeconomic factors such as market price that can vary
from year to year. Standardized lobster catch data (i.e., the average number of lobsters captured
in a survey tow) for the Long Island Sound Trawl Survey (CTDEEP, 2013c) from 1984 to 2011
show an abundance peak in 1997 (Figure 4-32). This peak was followed by a steady decline in
the standardized catch since 1999, when American lobsters in western and central Long Island
Sound (in both Connecticut and New York waters) experienced a significant mortality event.
Commercial landings data for New York, Connecticut, and Rhode Island (Figure 4-33) are
generally consistent with the survey data (timing differences are likely attributable to among-
year variation in fishing effort and areas targeted).
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Figure 4-32. Fall Lobster Abundance, 1984 — 2011.
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Source: NOAA (2014e).
Figure 4-33. NMFS Commercial Landings Data for the American Lobster.

Although warming water temperatures (Dove, et al., 2005), (Howell, et al., 2005) and seasonal
anoxia (Cuomo, et al., 2005), (Draxler, et al., 2005) in western Long Island Sound have been
proposed as the primary causes of lobster population decline, other environmental factors such as
disease and contaminants have also been proposed as contributing. Following the 1999 mass
mortality event, a collaborative research initiative including nearly 60 researchers was funded to
investigate the effects of environmental factors, mosquito control pesticides and diseases on the
physiology and health of the American lobster. In addition to the habitat-related stressors
(\Valente & Cuomo, 2005), the involvement of a parasitic amoeba (Mullen, et al., 2004) was also
potentially implicated in the 1999 mass mortality event. General climate change (e.g., (Rowley,
et al., 2014), habitat structure and predation refugia for early life stages (e.g., (Johns & Mann,
1987); (Wahle & Steneck, 1992)), and other pathogens, especially epizootic shell disease or ESD
(Cobb & Castro, 2006); (Castro, et al., 2012); (Shields, 2011); (Shields, 2012)) have also been
considered potential factors limiting the Long Island Sound lobster population recovery.
Although the potential impacts of alkyphenols (Jacobs, et al., 2012), metals (Leblanc & Prince,
2012) and increased pesticide runoff associated with the West Nile virus response (Miller, et al.,
2005), (Zulkosky , et al., 2005) have also been evaluated, existing literature does not support a
strong role for environmental contaminants in explaining either the 1999 event or the subsequent
lack of recovery (Castro, et al., 2012).

The collaborative research study concluded that “the physiology of the lobsters was severely
stressed by sustained, hostile environmental conditions, driven by above average water
temperatures” in Long Island Sound (Balcom & Howell, 2006). Weakened by exposure to
elevated temperatures, lobsters became susceptible to other stressors, including shell disease and
contaminants such as pesticides. The complex interaction of multiple stressors (Glenn & Pugh,
2006); (Pearce & Balcom, 2005); (Robohm, et al., 2005); (Shields, 2013) interacted to cause the
ongoing Long Island Sound lobster population recruitment failure. The warmer water
temperatures documented in Long Island Sound that are believed to have been a primary initiator
of the 1999 lobster mortality event are consistent with the significant increase in global sea
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temperatures measured over the past 30 years (IPCC, 2014) as well as trend data collected at the
Millstone Power Station located in Watertown, Connecticut (Latimer, et al., 2014). Global
warming trends are anticipated to interact with additional natural and anthropogenic influences,
particularly in coastal estuarine areas (e.g., hypoxia is exacerbated by climate-driven ocean
warming effects, which decreases oxygen solubility in seawater) (IPCC, 2014). It should be
noted that while fishing pressure had been building for at least two decades (e.g., the 300%
increase in New York landings between 1993 and 1996 in Figure 4-33) before the start of the
precipitous decline in 1999 (Balcom & Howell, 2006), there is no direct evidence implicating the
commercial lobster harvest itself on the collapse of this fishery (Wahle, et al., 2009).

Eastern oyster

The eastern oyster ranges from the Gulf of St. Lawrence to the Gulf of Mexico. Adults can grow
on either hard or any muddy substrate capable of supporting colony weight. Although oysters
can occur at depths of up to 100 ft, they prefer shallow depths (less than 10 ft) where they filter
planktonic organisms from the water column. The Long Island Sound oyster harvest peaked in
the early 1990s; by 1997, the population began to experience high mortality attributable to a
parasitic disease caused by Haplosporidium nelsoni and referred to as Multinucleated Sphere X.
Supported by state-regulated oyster farming operations, some recovery has been observed since
2000; however, the Long Island Sound oyster populations are no longer self-sustaining (NOAA,
2007). Standardized catch data for the eastern oyster obtained from the CTDEEP annual surveys
(1992 to 2012) are presented in Figure 4-34; the NMFS commercial landings data for the period
between 1990 and 2012 are presented in Figure 4-35. Both datasets demonstrate the long-term
trends in this fishery, although the recent population recovery suggested in the survey data is not
apparent in the landings data. As discussed above, this discrepancy is likely due to factors such
as price and harvest effort; moreover, a lag period between population rebound and commercial
activity is expected. In addition, harvest statistics for Connecticut were under-reported between
2008 and 2010 and have not been available since then.
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Figure 4-34. Eastern Oyster Abundance, 1992 — 2012.
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Eastern Oyster Catch
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Figure 4-35. NMFS Commercial Landings Data for the Eastern Oyster.

Additional stressors are related to global climate change, including warmer ocean temperatures
and elevated acidity that “can alter the distributions of oysters, their predators, competitors and
associated diseases especially at extreme distribution or tolerance limits” (NOAA, 2007).
Cooperative efforts to improve habitats and stock disease-resistant oysters are under way to help
the oyster fishery recover (EPA, 2013a), and increased harvests have been reported since
production was impacted by the sediment smothering of oyster beds caused by Tropical Storm
Irene in 2011 (Munroe, et al., 2013).

Bay scallop

The bay scallop ranges from Cape Cod to the Gulf of Mexico; East Coast populations support a
large U.S. fishery. Preferred habitat includes shallow protected coastal bays and estuaries with
sandy and muddy bottoms and eelgrass beds. Although found at depths ranging from 1 to 30 ft,
bay scallops are typically most abundant in tidal flats with 1 to 2 ft of water at low tide. In New
York, they are mostly found in small bays and harbors of Peconic Bay on the eastern end of
Long Island and in Great South Bay, Moriches Bay, and Shinnecock Bay.

The bay scallop fishery has decreased since the 1950s as a result of loss of sea grass habitat,
which provides structural habitat for bay scallop spat. Although adult scallops are free-living,
juvenile bay scallops require a stable substrate (e.g., stones, seaweed for attachment). In addition
to habitat-related stressors, scallops are known to be susceptible to increased nutrient loadings,
particularly nitrogen.

Bay scallops grow to approximately 3 to 3.5 inches in length and live to two years of age
(NYSDEC, 2014a). Standardized survey abundance data are not available for the bay scallop.
The available NMFS commercial landings data (primarily New York) show a relatively limited
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bay scallop catch between 1990 and 2012, with the notable exception of two peak harvest years
in 1994 and 2010.

Blue crab

The blue crab is found along the western edge of the Atlantic Ocean from Nova Scotia to
Argentina, including the entire coast of the Gulf of Mexico. The blue crab can be found on any
substrate and is highly tolerant of temperature and salinity variations. Peak abundances occur in
estuaries, but adult females disperse to higher salinity areas to spawn each year. Blue crabs are
omnivorous, feeding on thin-shelled bivalves, crabs (including juvenile blue crabs), annelids,
small fish, plants, carrion, and animal waste. Because of its commercial and environmental
value, the blue crab fishery is managed over much of the species range, including the study area.

Standardized blue crab catch data (combined spring and fall surveys) for the Long Island Sound
Trawl Surveys (CTDEEP, 2013c) conducted between 1992 and 2012 are shown in Figure 4-36.
The data are standardized to the number of tows conducted during the survey year, which varied
from 78 to 200. For this period, the standardized catch data peaked in 1999 and then generally
declined with considerable variability through 2010. Standardized catches for 2011 and 2012
suggest a recent upward trend in population abundance.

The NMFS commercial landings data for blue crab from 1990 to 2012 are presented in Figure
4-37. Although available landings data for Connecticut and Rhode Island are incomplete, the
annual harvest in these two states appears to be much lower than in New York. However, it is
difficult to identify specific locations for individual shellfish species capture because the catch
landed in Long Island Sound ports does not necessarily mean the shellfish were caught within its
waters (and vice-versa) (Latimer, et al., 2014). Generally consistent with the CTDEEP trawl
data, the NMFS catch data demonstrate a long-term decline in the Long Island Sound blue crab
fishery since peaking in 1996.
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Figure 4-36. Blue Crab Abundance, 1992 - 2012.
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Blue Crab Catch
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Source: NOAA (2014e)
Figure 4-37. NMFS Commercial Landings Data for the Blue Crab.

Northern quahog/hard clam

The northern quahog/hard clam ranges from the Gulf of St. Lawrence to the Gulf of Mexico. It
generally occurs only along shallow coastlines and in estuaries and rivers ranging from the
intertidal zone to depths exceeding 50 ft (FAO, 2014). Northern quahog populations are found
on a variety of bottom substrate types, including sand, mud, and cobble. The quahog filters
plankton and microorganisms being carried in bottom currents for nourishment. Hard clams live
in a variety of subsurface environments but prefer sediments that are a mixture of sand and mud
with some coarse material.

The overall northern quahog harvest has more than tripled in the past decade, in part because
some lobster fishermen have turned to clamming as lobster harvests have declined (EPA, 2014e).
Connecticut harvest information for the period 1990 through 2007 shows that the annual hard
clam harvest increased three- to four-fold through 2004 (Figure 4-38). NMFS landings data for
New York and Rhode Island indicate a long-term decline in annual harvest of hard clams.
However, this apparent decline may be due in part to New York clammers landing their catch
outside of New York (EPA, 2014e).
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Figure 4-38. NMFS Commercial Landings Data for the Northern Quahog.

Softshell clam

Softshell clams are distributed along the Atlantic coast from Canada to Florida. Although known
to occur in subtidal habitat to depths of 600 ft, this species is most abundant in intertidal mudflats
in shallow embayments up to a water depth of approximately 20 ft. New York and Rhode Island
have similar trends in commercial landings data, with increases in softshell clam landings from

2001 to 2006 (New York) and 2007 (Rhode Island) followed by a steady decline to 2012 (Figure
4-39). Commercial landings data are not available for Connecticut.
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Figure 4-39. NMFS Commercial Landings Data for the Softshell Clam.
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Atlantic surf clam

The Atlantic surf clam inhabits sandy continental shelf habitats from the southern Gulf of St.
Lawrence to Cape Hatteras, North Carolina (Cargnelli, et al., 1999). Atlantic surf clams are
planktivorous filter feeders that pump water through their siphons over the gills to trap food.
The largest concentrations of Atlantic surf clams usually occur in well-sorted, medium sand, but
the species may also occur in fine sand and silty-fine sand. Areas of coarse grain size (i.e.,
pebbles or cobbles) are virtually devoid of surf clams (Murawski, 1979). Atlantic surf clams
inhabit waters from the surf zone to a depth of 420 ft but are more common at depths less than
240 ft.

Commercial landings data are not available for Connecticut, and only two years of data (2004
and 2010) are available for Rhode Island. In New York, the Atlantic surf clam landings data are
variable, with peak landings in 1993 and 2003. Since 2005, the annual New York harvest has
steadily declined.

Blue mussel

The blue mussel occurs throughout coastal environments in the northern hemisphere and ranges
from Labrador to Cape Hatteras along the eastern coastline of North America. Although
reported occurring to depths of 1,500 ft, blue mussels are most abundant in intertidal and
shallow, subtidal areas and on wave-exposed shores; they often dominate within the mid-
intertidal zone (Latimer, etal., 2014).

The species is harvested (both wild harvesting and aquaculture) commercially from Maine to
Long Island, New York (MEDMR, 2014). Standardized catch data obtained from the CTDEEP
annual surveys (spring and fall combined) are presented in Figure 4-40. Average biomass per
tow in the surveys was highest in 1992, variable throughout the 1990s, and, after some relatively
strong years between 2002 and 2005, has been trending downward. Commercial landings data
for New York are available for the period 1990 to 2010; landings peaked in 1995 and decreased
by 99% by 2000 (Figure 4-41). Landings have been variable and low (relative to the peak) since
2010. There are no commercial landings data for Connecticut. Four years of data for Rhode
Island show that blue mussel landings increased from 2009 to 2010 and then steeply declined in
2012 (Figure 4-42).
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Figure 4-40. Blue Mussel Abundance, 1992 — 2012.
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Figure 4-41. Blue Mussel Landings, New York, 1990 — 2010.
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Horseshoe crab

Horseshoe crabs are found from Nova Scotia to Mexico. They are year-round residents in Long
Island Sound. Although the animals have been found at depths greater than 650 ft, adults appear
to prefer depths of less than 100 ft. They are usually found on the ocean floor searching for
worms and mollusks, which are their main food, but they may also feed on crustaceans and even
small fish. During the breeding season, horseshoe crabs migrate to shallow coastal water areas
adjacent to spawning beaches and feed on bivalves. Spawning adults prefer sandy beach areas
within protected bays (which provide optimal spawning habitat) and coves (which provide
nursery habitat).

The blood of the horseshoe crab is harvested from living specimens to make Limulus amebocyte
lysate, which is used to detect bacterial endotoxins in medical applications. Horseshoe crabs are
also used as bait to fish for eels and whelk. The protein-rich horseshoe crab eggs are fed upon by
migratory shorebirds. Reduced horseshoe crab abundance in New Jersey and Delaware Bay has
been implicated in the steep decline in species such as the Red knot, which rely on this protein-
rich resource on their annual circumpolar migrations. As a result, adaptive-management plans
are being developed to regulate horseshoe crab harvests and protect migrating shorebirds.

CTDEEP trawl surveys collected data on horseshoe crabs in Long Island Sound from 1984
through 2012. Figure 4-43 shows standardized abundance data (counts/tow) for Peconic,
Manhasset/Little Neck and Millstone sites from 1990 to 2012. The CTDEEP data are variable,
with standardized data generally increasing to a peak in 2003 and subsequent data leveling off to
about 50% of the peak abundance. Standardized data for the Millstone site exhibits a peak in
1995, followed by a gradual decline; recent data suggest that horseshoe crabs are less common in
the vicinity of Millstone compared to historical conditions. For the New York dataset,
standardized counts for the Peconic area (also located in the eastern portion of Long Island
Sound) are similar to those for Millstone (early peak followed by gradual decline to relatively
low numbers); however, relative abundances are higher by a factor of 10 or so. Results for
Manhasset and Little Neck are quite variable, with peak counts/tow occurring in 1997 and 2003;
since 2005, standardized results appear to have leveled off with counts (per tow) that are 25% to
35% of the peak values. NMFS commercial horseshoe crab landings data (Ibs) from New York
show variable abundance from 1992 to 2012, with an overall peak in 1996 followed by a
precipitous decline to a low in 1999. Since 2000, the landings data have exhibited an upward
trend with a secondary peak in 2007 (Figure 4-44). In Connecticut, commercial horseshoe crab
landings increased from a low in 1995 to a peak in 2002; since then, landings have been variable,
averaging 50% to 60% of the peak value (Figure 4-44). Commercial landings data in Rhode
Island are available only for 1999 and from 2006 to 2012. With the exception of the low value in
1999, the Rhode Island horseshoe crab landings are comparable in terms of variability and
magnitude to the Connecticut results. As noted previously, landings data are important tools for
fishery management of the species, but they are difficult to determine exactly where the catch
was collected within Long Island Sound and the study area (Latimer, et al., 2014).
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Figure 4-43. Horseshoe Crab Biomass in Long Island Sound, 1990 to 2012.
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Figure 4-44. NMFS Commercial Landings Data for the Horseshoe Crab.

Channeled and knobbed whelk

Conchs, including the channeled whelk and knobbed whelk, are generally found in the colder
waters of southern New England, including Long Island Sound. These species may be found in
various bottom habitat types, but are most common on sandy bottoms in shallow waters (less
than 60 ft) (Pratt, 1973). They are commonly distributed from intertidal regions to the
continental slope (Davis & Sisson, 1988). Whelks are voracious carnivores, feeding on
gastropods, annelids, and bivalves, as well as dead fish, and are relatively mobile, with the
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potential to travel over 500 ft in 12 hours (Davis & Sisson, 1988). The channeled whelk, which
grows up to 7 inches long, occurs from intertidal habitats to those just below low-tide level.
Channeled whelks are abundant in the shallow bays of southern New England and in Long Island
Sound (Page, 2002). This species is primarily nocturnal during warmer months, diurnal and
nocturnal in the spring and fall, and primarily diurnal in winter. Channeled whelks lay eggs only
in spring.

The knobbed whelk, which grows up to 8 to 9 inches long, occurs along the coast from
Massachusetts to northern Florida. This species migrates to the deeper offshore waters during
the extreme weather conditions prevalent during the summer and winter months, returning to
shallow waters of nearshore mud flats during the spring and fall months (Page, 2002). This
migratory behavior possibly results in lower counts of knobbed whelk in Long Island Sound
(CTDEEP, 2013c). While on mud flats, whelks prey on oysters, clams, and other marine
bivalves. Mating and egg-laying occur during the spring and fall migrations.

Figure 4-45 shows the relative abundance of these two species collected in Long Island Sound
between 1992 and 2012 as part of the CTDEEP Long Island Sound Trawl Survey (CTDEEP,
2013c). Survey results are comparable to those for blue mussel (Figure 4-40), with relatively
low biomass in the 1990s, peaking in 2001, and more variable results since 2003.
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Figure 4-45. Combined Channeled Whelk and Knobbed Whelk Abundance.

Figure 4-46 and Figure 4-47 present the available commercial landings data for New York,
Connecticut, and Rhode Island for the channeled and knobbed whelks, respectively. The
landings data indicate that the channeled whelk is much more important commercially and
represents up to 95% of the combined whelk catch on an annual basis. Peak landings for both
species were reported in 2006 by Rhode Island, with much reduced but fairly stable landings
reported in subsequent years. For the channeled whelk, Connecticut landings were initially
comparable to Rhode Island but declined after 2009; Connecticut landings for the knobbed
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whelk have typically exceeded the reported Rhode Island catch with the exception of 2012, when
Rhode Island reported a substantial increase in landings. For both species, New York landings
data are limited to 2006 and 2012. In 2012, reported New York landings data for channeled
whelk were less than either Rhode Island or Connecticut (Figure 4-46); New York landings of
knobbed whelk were comparable to Connecticut but less than Rhode Island (Figure 4-47).
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Figure 4-46. NMFS Commercial Landings Data for Channeled Whelk.
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Figure 4-47. NMFS Commercial Landings Data for Knobbed Whelk.

4.9.2 Open-Water Environment

Shellfish species found at each of the open-water placement locations (including both unconfined
and confined alternatives) are shown in Table 4-19. Where available, additional information on
available habitat and the potential occurrence of shellfish resources for individual sites is
provided below.
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Table 4-19. Commercial and Recreational Shellfish Species in Open-Water Environments.

Alternative | Alternative Shellfish Closure/
Environment Type 1D Resources Present Classification
WLDS American lobster! Approved
Unconfined | c|ps American lobster, hard clam* Prohibited
Open- American lobster, blue crab, blue mussel,
Water CSDS horseshoe crab, and softshell clam? Prohibited
Open-Water | Placement American lobster, blue crab, Atlantic
Environment NLDS surfclam, horseshoe crab, and softshell clam? | Prohibited
Confined
Open-
Water
Placement | E 3 species documented within 1 mi® Approved

Sources: * EPA (2004); 2 NOAA (2014f); SUSACE (2012a).

Unconfined Open-Water Placement

All four open-water alternative sites may have a variety of shellfish species either transiting
through (lobsters, blue crab, horseshoe crab) or residing at (clams, oysters, mussels) these
locations. Water depths for these four alternatives range from 40 ft in NLDS to 190 ft in CSDS.
Species such as the softshell clam and Atlantic surfclam prefer nearshore or coastal habitat but
may also be found in deeper waters. The sediment at these four open-water alternatives ranges
across the full spectrum, from gravel to very fine silt/clay and even muds in some locations.
Species preferences will depend on various environmental factors such as water depth, substrate
type, proximity to shore, and food availability. In addition, specific environmental stressors
(e.g., hypoxic conditions) may limit the suitability of some of these areas to different shellfish
species.

Western Long Island Sound Disposal Site

Water depths within the WLDS generally range from 75 ft MLW along a ridge on the southern
boundary to 112 ft near the center of the site (ENSR, 2007). Grain size is primarily fine-grained
with a layer of silty, very fine sand overlying silt/clay muds (ENSR, 2005c). According to the
NOAA Environmental Sensitivity Index Data Viewer (NOAA, 2014f), WLDS is situated within
0.75 mi of American lobster and blue crab habitat. Non-sedentary shellfish resources at WLDS
were evaluated using trawl data collected from 1984 to 2000 (EPA (2004) [Appendix H-6]) and
benthic characterization samples collected in support of the site designation EIS (EPA, 2004).
This study demonstrated that lobsters occur at WLDS; however, no clam species or eastern
oyster was found. A recent study (ENSR, 2005c¢) concluded that the WLDS benthic infaunal
community was consistent with reference areas and would thus support mobile shellfish such as
lobster and blue crab that rely on these resources. However, seasonal hypoxia has been reported
in the WLDS, and sensitive species such as the lobster could be affected.

Central Long Island Sound Disposal Site

Water depths above the disposal mounds at the CLDS have typically ranged from 49 to 56 ft
(mean lower low water [MLLW]) (ENSR, 2007). Grain size ranges from silt/clay to very coarse
sand (Valente, et al., 2012). The SPI survey conducted as part of the 2009 monitoring survey
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demonstrated that historical dredged placement mounds have been recolonized and that the
benthic community associated with the older mounds is consistent with nearby reference areas.
Recovery of the newer mounds was ongoing at the time of the survey, with the benthos
considered to have an “intermediate successional status” requiring some additional time to reach
the characteristics typical of reference areas (Valente, et al., 2012). According to NOAA
(2014f), the CLDS is within 2.2 mi of American lobster and blue crab habitat. Motile shellfish
resources at the site were evaluated using trawl data collected from 1984 to 2000 (EPA (2004)
[Appendix H-6]) and benthic characterization samples collected in support of the 2004 site
designation EIS. The results showed lobsters and the potential for hard clams at the CLDS;
however, no evidence of the presence of hard clams was found.

Cornfield Shoals Disposal Site

Water depths range from a minimum of 150 ft MLW in the northeast corner of the site to a
maximum depth of 190 ft MLW in the southwestern quadrant (ENSR, 2005a). The maximum
depth was located within a depression approximately 5 ft deep in the southern portion of the site.
Grain size ranges from sand to fine-grained dredged material. The CSDS is characterized by
relatively strong currents paralleling the coastline that can transport and disperse sediments.
However, various surveys have concluded that shellfish beds located in the vicinity to the north
are not impacted by sediment migration from the CSDS due to the current alignment (east-west).

New London Disposal Site

Water depths range from 40 to 80 ft at the deepest location (AECOM, 2009), with seafloor
topography dominated by the presence of various mounds associated with historical dredged
material placement at the NLDS. Historical placement activities have been managed to create
broad, flat mounds and maintain a minimum water depth to reduce the potential effects of bottom
currents and storm-generated waves and allow for safe passage of deeper draft vessels transiting
through the NLDS area. Sediment particle grain size ranges from gravel to silt/clay, with muddy
fine sand, often with shell fragments, dominating much of the seafloor. With the exception of
the most recent placement event (NL-06), the seafloor mounds have been recolonized by
benthos, and the macroinvertebrate community throughout is consistent with reference
conditions. Benthic recolonization and substrate development is ongoing at NL-06 (AECOM,
2009). Several benthic species (including starfish, crabs, limpets, and snails), along with large
aggregations of living blue mussels, were observed during the bottom surveys.

Confined Open-Water Placement

The borrow pit for Alternative Site E has an average depth of -20 ft MLW. Three species were
documented within 1 mi (USACE, 2012a).

4.9.3 Nearshore/Shoreline Environment

All species discussed in Section 4.9.1 can occur in Long Island Sound’s nearshore and shoreline
environments. The distribution and relative abundance of specific shellfish species will depend
on their individual life history attributes (Table 4-18), environmental requirements, and the
biological, physical, and chemical characteristics of a given area. Shellfish species found at each
of the nearshore/shoreline placement locations are provided in Table 4-20. Where available,
additional information for individual sites is provided below.
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Table 4-20. Commercial and Recreational Shellfish Species in

Nearshore/Shoreline Environments.

Alternative Alternative Shellfish Closure/
Environment Type 1D Resources Present® Classification
G 5 species documented within 1 mi Prohibited
In-Harbor H 5 species documented within 1 mi Prohibited
CAD Cell P :
M 6 species documented within 1 mi Restricted
B 3 species documented within 1 mi Conditionally Approved
L 5 species documented within 1 mi Restricted
Approved
Island CDF N ND - — - Restricted
P 1 species documented within 1 mi estricte
Q 3 species documented within 1 mi Conditionally Approved
R 1 species documented within 1 mi Restricted
A 4 species documented within 1 mi Prohibited
C 4 species documented within 1 mi Conditionally Approved
D 3 species documented within 1 mi Conditionally Approved
Shoreline F 6 species documented within 1 mi Restricted
CDF I 2 species documented within 1 mi Prohibited
J 6 species documented within 1 mi Restricted
K 3 species documented within 1 mi Restricted
0 2 species documented within 1 mi Restricted
Nearshore/ No classification within
Shoreline 177 3 species documented within 1 mi 1mi _ _
Environment No classification within
178 3 species documented within 1 mi 1mi
No classification within
179 3 species documented within 1 mi 1mi
Seasonally Closed (5/15
121/446 4 species documented within 1 mi —10/15)
453 4 species documented within 1 mi Prohibited
No classification within
173 4 species documented within 1 mi 1mi
Nearshore Bar Seasonally Closed (5/1 —
Placement/ | 189 7 species documented within 1 mi 10/31)
Nearshore Seasonally Closed (5/1 —
BermSites | 454 7 species documented within 1 mi | 11/30)
No classification within
454B 4 species documented within 1 mi 1mi
455/82 5 species documented within 1 mi Prohibited
No classification within
445 4 species documented within 1 mi 1mi
No classification within
171 4 species documented within 1 mi 1mi
170 4 species documented within 1 mi Prohibited
No classification within
63 5 species documented within 1 mi 1mi
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Table 4-20. Commercial and Recreational Shellfish Species in Nearshore/Shoreline
Environments (continued).

Alternative Alternative Shellfish Closure/
Environment Type ID Resources Present! Classification
Seasonally Closed (on
456 5 species documented within 1 mi holidays — variable)
441 3 species documented within 1 mi Conditionally Approved
320 3 species documented within 1 mi Conditionally Approved
440 3 species documented within 1 mi Conditionally Approved
449 3 species documented within 1 mi Conditionally Approved
438 3 species documented within 1 mi Conditionally Approved
433 3 species documented within 1 mi Restricted
434 3 species documented within 1 mi Conditionally Approved
323 3 species documented within 1 mi Restricted
467 2 species documented within 1 mi Restricted
364 3 species documented within 1 mi Approved
451 3 species documented within 1 mi Restricted
447 3 species documented within 1 mi | Restricted
327/333/330 | 3 species documented within 1 mi Restricted
337 3 species documented within 1 mi | Restricted
457 2 species documented within 1 mi Conditionally Approved
365 2 species documented within 1 mi Restricted
GP 2 species documented within 1 mi | Restricted
367 3 species documented within 1 mi Restricted
368 4 species documented within 1 mi Conditionally Approved
381/382 3 species documented within 1 mi Approved
384 3 species documented within 1 mi Approved
1 species documented; no Approved
commercially exploited shellfish
populations; potential lobster
600 fishery within 1 mi2
Potential lobster fishery within Approved
610 1 mi®
620 4 species documented within 1 mi Approved
323 ND Restricted
433 ND Restricted
434 ND Conditionally Approved
436 ND Restricted
Beach 365 ND Restricted
Nourishment | 457 ND Conditionally Approved
364 ND Restricted
444 ND Restricted
451 ND Restricted
337 ND Restricted
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Table 4-20. Commercial and Recreational Shellfish Species in Nearshore/Shoreline
Environments (continued).

Alternative Alternative Shellfish Closure/
Environment Type ID Resources Present® Classification
320 ND Conditionally Approved
a6 ND Conditionally Approved
442 ND Restricted
450 ND Prohibited
447 ND Prohibited
438 ND Restricted
440 ND Conditionally Approved
449 ND Restricted
181 ND Prohibited
453 ND Prohibited
No classification within
63 ND 1mi
Seasonally Closed (on
456 ND holidays - variable)
No classification within
454E ND 1mi
454W ND Prohibited
455/82 ND Prohibited
384 ND Approved
367 ND Restricted
368 ND Conditionally Approved
No classification within
171 ND 1mi
Possible fish/shellfish grants No classification within
173 offshore of the beach. 1 mi
No classification within
177 ND 1mi
No classification within
178 ND 1mi
No classification within
179 ND 1mi
170 ND Prohibited
Seasonally Closed (5/1 -
180 ND 10/31)
No classification within
445 ND 1mi
446 ND Prohibited
343 ND Restricted
474 ND Prohibited
339 ND Conditionally Restricted
459 ND Restricted
348 ND Restricted
480 ND Restricted
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Table 4-20. Commercial and Recreational Shellfish Species in Nearshore/Shoreline
Environments (continued).

Alternative Alternative Shellfish Closure/
Environment Type ID Resources Present! Classification
467 ND Restricted
468 ND Restricted
325 ND Prohibited
327 ND Prohibited
329 ND Prohibited
330 ND Prohibited
331 ND Prohibited
332 ND Prohibited
333 ND Prohibited
344 ND Restricted
345 ND Restricted
121 ND Prohibited
Seasonally Closed (5/1 -
64 ND 10/31)
Seasonally Closed (5/1 -
67 ND 10/31)
68 ND Prohibited
111 ND Prohibited
Seasonally Closed (5/1 -
76 ND 11/30)
Seasonally Closed (4/1 -
79 ND 12/14)
381 ND Approved
382 ND Approved
437 ND Prohibited
1 species documented; no Prohibited
commercially exploited shellfish
600 populations?
1 species documented within %2 mi; | Approved
no commercially exploited shellfish
610 populations®
620 ND Approved

Sources: ! USACE (2010a) and (2012a), unless otherwise noted.
2USACE (1994)
SUSACE (1992).

Note: ND = No data.

Confined Placement

A total of 17 nearshore/shoreline locations were identified as potential containment sites
(USACE, 2012a); these sites were characterized as Harbor CAD cells, Island CDFs, and
Shoreline CDFs. For each identified Harbor CAD cell, up to six species were identified as being
found within 1 mi of the site. Island CDFs had up to five shellfish species within 1 mi of each
site with the exception of Alternative N, which did not have any shellfish species identified in
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the area. Between two and eight shellfish species were documented within 1 mi of each
shoreline CDF.

Beneficial Use

All in-water, beneficial use sites are likely to contain shellfish. Each of the berm sites was found
to have shellfish present in the vicinity (up to seven species within 1 mi of the site) (USACE,
2012a). Shellfish species were not identified for specific beach renourishment sites; however, it
is likely that similar shellfish may be present in the intertidal and subtidal areas as are found at
the corresponding berm locations (USACE, 2010a). In addition, Site 173, Hither Hills State Park
in East Hampton, New York, was noted to have possible fish/shellfish grants offshore of the
beach (USACE, 2010a). The eastern oyster and blue mussel are typically found in the shallow
depths attached to hard structures. Bay scallops are more likely in coastal bays and harbors. It is
likely that Northern quahog, softshell clam, Atlantic surf clam, two species of whelks, and
horseshoe crabs could occur in mudflat areas or shallow intertidal areas associated with the
beneficial use sites.

No specific Island or Shoreline Restoration sites have been identified to date. If a location were
to be identified within the Long Island Sound study area, some shellfish species would be
expected to be present and could be identified at that time.

4.9.4 Upland Environment

Shellfish are relevant only for the two habitat restoration areas (Table 4-21). Both Site 427 and
Site 429 were found to be horseshoe crab habitats.

Table 4-21. Commercial and Recreational Shellfish Species in Upland Environments.

Environment Alternative Type Alternative ID Resources Present
Landfill Placement 59 N/A
60 N/A
Landfill Cover/Capping 61 NIA
251 N/A
Upland 272 N/A
Environment Brownfields & Other
Redevelopment 422/423 N/A
Horseshoe crab mating area’
Habitat Restoration / 427 Shellfish Prohibited Area
Enhancement or Creation Horseshoe crab mating area’;
429 Shellfish Prohibited Area

Sources: ! USACE (2010a).
Note: N/A = not applicable
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4.10 FISH
4.10.1 General Long Island Sound Setting

Marine Fish in the Study Area

Finfish species found within the study area can be divided into two categories: demersal (bottom-
dwelling) and pelagic (living and feeding in the water column). Finfish can be characterized by
their habitat preferences (such as warm water, cold water, or year-round inhabitants) and their
sensitivity to levels of oxygen in the water (hypoxia). Finfish in Long Island Sound can also be
grouped by agency designations, such as those for which EFH has been identified and those
protected under the Endangered Species Act (ESA) (i.e., listed as threatened or endangered).
While there are many species of fish found within the study area, this section focuses on those
fish that are determined to have EFH designations or are commercially or recreationally
important. Squid share similar habitats and behavior with many finfish species and are also
important to the commercial fishing industry in the study area; therefore, they are also discussed
in this section. Shellfish species and lobster are discussed in Section 4.9.

EFH fish and those found to be commercially or recreationally important within the study area
are listed in Table 4-22. The table also provides important information about each species:
selected life-stage characteristics, habitat preferences, preferred food sources, distribution, and,
where applicable, NMFS EFH and ESA designations. Project-specific NEPA assessments may
require additional consultation with NMFS and the USFWS to determine if additional fish
species should be investigated for the specific alternative sites being considered.

The following provides information on the types of fish described above.

Demersal vs. Pelagic

Fish can be divided into two broad categories, demersal and pelagic, based on where they are
typically found within the water column. Demersal fish live and feed primarily on or near the
seafloor. Typically bottom feeders, they rest on and feed from a variety of habitats consisting of
mud, sand, gravel, and rocks. Flounder, plaice, halibut, and stingrays are all examples of
demersal fish species.

Pelagic fish live and feed in the water column. They can be further divided into coastal pelagic
fish and oceanic pelagic fish. Coastal pelagic fish inhabit the relatively shallow and productive
waters of the continental shelf, including near coastal areas. Oceanic fish inhabit the ocean
waters beyond the continental shelf. Pelagic fish range from small coastal forage fish, such as
herrings and sardines, to large predatory oceanic species such as bluefin tuna and oceanic sharks.
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Table 4-22. Life History Characteristics of Specific Finfish Species in the Study Area.

Species

Life Stages
Present

Preferred Habitat

Preferred Food

Distribution in the Study Area

Species with Essential Fish Habitat within the Study Area

Atlantic salmon (Salmo
salar) &¢

Juvenile and adult

All salinity regimes.
Benthopelagic fish,
preferring to inhabit the
bottom half of an open-water
environment.

Juveniles: tiny
invertebrates and
occasionally small fish.
Adults: Arctic squid, sand
eels, amphipods, Arctic
shrimp, and sometimes
herring.

Extirpated from Long Island Sound in 1800s but
have become reestablished. Greatest abundance
observed in eastern half of the Sound (mouth of
Connecticut River) in shallow sandy areas and
transitional areas in Eastern Basin and Mattituck
Sill.

Atlantic cod (Gadus
morhua) &b ¢d

Adult

Cold water, Rocky slopes or
ledges, rock, gravel, mud,
sand, clay; water column.

Fish, benthic invertebrates
(e.g., clams, crabs,
mussels, polychaetes,
echinoderms).

Rare in Long Island Sound. Extensive migrations
with seasons, and in response to food.

Pollock (Pollachius
virens) & b.cd.e

Juvenile and adult

Salinity >25 psu. Found in
water up to 590 ft deep over
rocks and anywhere in the
water column.

Euphausiids, fish, and
mollusks.

Not commonly caught in the surveys of Long Island
Sound, and none recorded since 1989. Just 24
juveniles were caught in surveys conducted
throughout Long Island Sound from 1984-1990. All
were caught during July-August, at all depths and
bottom types except sand.

Whiting (also known as | All life stages Year-round. All substrate Herring, other small Adults: most abundant in April and May. Juveniles:
Silver hake) (Merluccius types. schooling fish, benthic most abundant in the summer and fall. Move inshore
bilinearis) b ¢ d.¢ invertebrates, squid. in spring and offshore in fall; shift vertically in
water column in response to prey. Largest catches
are within the Long Island Sound placement areas
and on Stratford Shoal.
Red hake (Urophycis All life stages Year-round. Soft mud and silt | Benthic invertebrates Most common in spring and fall. Extensive seasonal
chuss) @ b-c.de (juveniles near shellfish (e.g., shrimp, worms, migrations — inshore in spring and summer and
beds). Abundance increases crabs), zooplankton offshore in winter. Typically found along the
with depth. Salinity >0.5 (copepods), fish. coastlines. Prefer muddy sediments but can be found
PSU. in sandy areas as well.
Winter flounder All life stages Cold water. Muddy sand with | Benthic invertebrates More abundant in open water in spring than in fall.

(Pseudopleuronectes
americanus) & ¢de

patches of eelgrass, sand,
clay, gravel, or cobble.
Highest spring catches were
in Central Basin over mud
and transitional sediments.

(shrimps, amphipods,
sandworms, small fish,
small crabs, worms,
bivalves, sea cucumbers).

Generally localized small-scale movement inshore
in winter. Highest fall catches were in shallow areas
of the Western and Central Basins. Moves inshore to
spawn during the winter then migrates offshore into




Final Programmatic Environmental Impact Statement for the
Long Island Sound Dredged Material Management Plan

December 2015
Page 4-144

Table 4-22. Life History Characteristics of Specific Finfish Species in the Study Area (continued).

Life Stages
Species Present Preferred Habitat Preferred Food Distribution in the Study Area
Sensitive to low DO. Salinity deeper, cooler waters for the summer as water
greater than 0.5 PSU. temperatures rise in the spring.
Windowpane flounder All life stages Sand, mixtures of sandy silt, | Plankton (planktonic One of the most common species seen in the trawls

(Scopthalmus aquosus)
c de

or mud. Low DO. Tolerate
salinity greater than 0.5 PSU.

shrimp), benthic
invertebrates (e.g., crabs,
small mollusks, worms,

epibenthic shrimp), squid.

and most abundant from April to June. Juveniles
dominate the summer and fall catches. Adults
dominate April and May. Highest catch numbers are
in the Western and Central Basins, especially over
muddy and transitional sediments.

American plaice
(Hippoglossoides
platessoides) # °

Juvenile and adult

Salinity >25 PSU.

Small benthic
crustaceans, sand dollars,
sea urchins, and worms.

Found primarily in the Gulf of Maine to Canada and
on Stellwagen and Georges Bank. Were not caught
in surveys conducted throughout Long Island Sound
from 1984-1990.

Ocean pout
(Macrozoarces
americanus) ®.¢.de

All life stages

Salinity >25 PSU. Prefer
depths greater than 60 ft and
either mud or transitional
bottoms

Benthic invertebrates
(e.g., amphipods,
polychaetes, mollusks,

crustaceans, sand dollars).

Most pout caught in late spring. Juveniles and adults
not migratory except for seasonal, local movements.
Hypoxia sensitive. Higher numbers in western Long
Island Sound, but also found in central and eastern
Long Island Sound.

Atlantic sea herring
(Clupea harengus) ¢
d e

Juvenile and adult

Cold water. Water column,
mud and sandy bottoms.

Salinity greater than 0.5 PSU.

Plankton (copepods),
euphausiids, pteropods.

Most abundant in spring. Particularly abundant in
shallow areas.

Bluefish (Pomatomus
saltatrix) & b.-c.d.e

Juveniles
(primarily) and
adults

Warm water. Juveniles may
occur along beaches,
estuaries, tidal creeks over
sand and gravel. Water
column, sandy bottoms,
rocky and transitional
sediments. Sensitive to low
DO. Salinity greater than 0.5
PSU.

Fish, shrimp, squid,
benthic invertebrates
(crabs, annelid worms),
shrimp.

Most frequently caught between July and October.
Migrate north in spring and south in fall. Abundance
peak on Connecticut side of Long Island Sound in
midsummer and throughout entire Sound in
September.

Atlantic mackerel

(Scomber scombrus)
cde

All life stages

Cold water. Water column.
Salinity >25 PSU.

Plankton (copepods,
amphipods), shrimp,
pelagic mollusks (squid).

Greatest numbers caught in April and June. Not
abundant in Long Island Sound. Anglers catch
migrating mackerel off Long Island in March or
November.

Summer flounder
(Paralichthys dentatus)

a, b,cde

Juvenile and adult

Year-round. Mud or sand;
near-bottom water column.
Sensitive to low DO. Salinity

Benthic invertebrates
(rock crabs, shrimp,
bivalves, polychaete

Juveniles: most abundant in spring and fall, with
numbers dropping off in summer; abundant along
Connecticut shoreline between Guilford and New




Final Programmatic Environmental Impact Statement for the
Long Island Sound Dredged Material Management Plan

December 2015
Page 4-145

Table 4-22. Life History Characteristics of Specific Finfish Species in the Study Area (continued).

Life Stages
Species Present Preferred Habitat Preferred Food Distribution in the Study Area
zones >0.5 PSU. Move worms, sand dollars), fish | Haven, as well as near the mouth of the Connecticut
offshore in fall. (esp. scup), squid. River, in Niantic Bay, and near Mattituck, New
York. Found in coastal waters when the water is
warm.
Scup (Stenotomus All life stages Year-round. Rocky bottoms. | Benthic invertebrates Most abundant during spring and fall, with adults

chrysops) & b-c.d.e

Generally found over
transitional or sandy bottoms
in depths >60 ft. Sensitive to
low DO. Salinity >25 PSU.

(crustaceans, worms,
mollusks), vegetable
debris.

dominating catches in April-June and juveniles
dominating in fall. Move inshare in spring-summer
and offshore in winter. Largest numbers occur south
of Milford, Connecticut, around the mouth of the
Thames River, and in Niantic Bay.

Black sea bass

(Centropristus striata) ®

b,cde

Juvenile and adult

Sand, water column, rocky
and transitional sediments.
Salinity >25 PSU.

Benthic invertebrates
(crabs, mussels), squid.

Not very abundance in LISTS but greatest numbers
reported between April and June. Generally found in
shallow, nearshore areas.

King mackerel All life stages All salinities. Typically Primarily pelagic Subtropical species that ranges from Brazil to Gulf
(Scomberomorus inhabit waters of between 32- | carnivores; squid, of Maine. Considered an “uncommon