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ORGANIZATION OF THE FINAL EIS

This Final EIS is organized by major sections and subsections, including an Executive Summary,
table of contents, appendices, and a Final Site Management and Monitoring Plan (SMMP). It is
intended to guide the reader through the information, questions, issues, and considerations that
were evaluated in the decision-making process conducted for the Rhode Island Region Long-
Term Dredged Material Disposal Site Evaluation Project. The various sections of the EIS are
briefly described below to assist the reader in understanding the document and the decision-
making process.

SECTION 1.0 PURPOSE AND NEED FOR THE ACTION

Section 1.0 introduces and describes the proposed action, presents a history of disposal in the
Rhode Island Region (RIR), and discusses agency activities related to the RIR, the legislative
history of the Clean Water Act (CWA) and Marine Protection, Research, and Sanctuaries Act
(MSPRA), regulatory requirements for site use, and the scoping and public involvement process.
This background history and information lays the foundation for the subsequent discussion of the
purpose of and need for the proposed project. The purpose explains the basis for the designation
of one or more dredged material ocean disposal sites; it is followed by a discussion of the
identified dredging, navigation, safety, and economic needs for an ocean disposal site.

SECTION 2.0 ALTERNATIVES

Section 2.0 provides a detailed discussion of the screening process used to identify reasonable
ocean disposal alternatives. It also discusses alternatives that were considered but eliminated
from detailed study and explains why they were eliminated.

SECTION 3.0 AFFECTED ENVIRONMENT

Section 3.0 describes the existing natural, physical, and socioeconomic environment of the Zone
of Siting Feasibility (ZSF) and, where applicable, of the RIR. It presents a comprehensive
discussion of environmental baseline resources obtained through an extensive literature search
and from available environmental studies and analyses; additional information was collected and
developed as part of the investigation and at working group meetings. The affected environment
is the foundation upon which alternatives are developed and environmental consequences of the
alternatives are evaluated. Physical features discussed include geological setting, meteorology,
physical oceanography, sediment characteristics and transport, and water quality. Biological
resources addressed include plankton community; benthic invertebrates; fish; shellfish; marine
and coastal birds; marine mammals and reptiles; rare, threatened, and endangered species;
species of special concern; and contaminants in organisms. The socioeconomic environment
addresses commercial and recreational fisheries, shipping, military usage, mineral and energy
development, recreational activities, natural and cultural features of historical importance, other
legitimate uses, and areas of special concern.
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SECTION 4.0 ENVIRONMENTAL CONSEQUENCES

Section 4.0 identifies and discusses in detail the environmental consequences that could occur
under the two ocean disposal alternatives evaluated and under the no action alternative, including
socioeconomic impacts, and evaluates and compares direct, indirect, and cumulative impacts.
This section provides information on and justification of the choice of the preferred alternative

SECTION 5.0 FEASIBILITY OF SURVEILLANCE AND MONITORING

Section 5.0 presents the six requirements for ocean disposal site management plans included in
the Marine Protection, Research, and Sanctuaries Act of 1972 (MPRSA) Section 102(c)(3) and
references the Final Site Management and Monitoring Plan (SMMP) accompanying this Final
EIS.

SECTION 6.0 AGENCY COORDINATION AND COMPLIANCE

Section 6.0 summarizes the agency coordination and environmental compliance conducted
throughout the development of this project. This section documents the coordination activities
undertaken by the EPA and the Corps with Federal, state, and local agencies, from the request
for identification of cooperating agencies through the identification of the preferred alternative.
Additionally, a summary of the Biological Assessment (BA), Essential Fish Habitat (EFH), and
Coastal Zone Management (CZM) consistency determination is presented.

SECTION 7.0 PUBLIC INVOLVEMENT

Section 7.0 discusses scoping activities and the continuous public involvement conducted
throughout the project, including Working Group and public information meetings, LISTSERV
communication, Corps and Working Group websites, and public hearings.

SECTION 8.0 LIST OF PREPARERS

Section 8.0 lists all Federal and state agency personnel, together with the consultants, who were
responsible for conducting the environmental studies, technical basis reports, public
involvement, and coordination for the preparation of this Final EIS.

SECTION 9.0 REFERENCES
Section 9.0 lists all references used during this study and documentation of this project.

SECTION 10.0 LIST OF EIS DISTRIBUTION TO AGENCIES, ORGANIZATIONS, AND
INDIVIDUALS

Section 10.0 provides a complete Final EIS distribution list of all Federal and state government
agencies having jurisdictional responsibility, expertise, or interest in this project and all
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interested parties or persons who requested the opportunity to review and comment on this Final
EIS.

APPENDICES
Appendices include (1) additional data not presented in the text of the EIS but which support

evaluations, (2) all pertinent correspondence, (3) the RIR SMMP, and (4) the response to
comments received on the Draft EIS.
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1.0 PURPOSE AND NEED

1.1 INTRODUCTION

Maintenance of adequate navigation depth in the states’ marine terminals, port facilities, and
private marinas is vital to the economies of Rhode Island and southeast Massachusetts (referred
to as the Rhode Island Region). Commercial shipping and recreational boating industries
throughout the Rhode Island Region (RIR) rely on the continued viability of these facilities. To
ensure continued use, economic viability, and safety of the region’s navigation channels and
navigation-dependant facilities, periodic dredging must be performed to remove accumulated
sediment. Maintenance dredging in the RIR has become both difficult and costly due to the
absence of a designated long-term ocean disposal site in the region. In an effort to ease the
burden, the Governor of Rhode Island requested (September 21, 2000) (Appendix B) that the
U.S. Environmental Protection Agency (EPA), in cooperation with the U.S. Army Corps of
Engineers (Corps), consider the designation of a long-term dredged material disposal site in
Rhode Island Sound (pursuant with the Marine Protection, Research, and Sanctuaries Act
(MPRSA), 33 U.S.C. §§ 1401 et seq.). In response to this request EPA Region 1 and the Corps
New England District initiated an evaluation to determine if there was a need to designate one or
more long-term ocean dredged material disposal sites as part of the Rhode Island Region Long-
Term Dredged Material Disposal Site Evaluation Project in waters offshore of Rhode Island or
offshore of southeastern Massachusetts, referred to herein as the Rhode Island Region (RIR).
This evaluation is being conducted pursuant to the Marine Protection, Research, and Sanctuaries
Act (MPRSA), 33 U.S.C. Section 1401 et seq. One or more of the proposed potential dredged
material disposal sites would be used to dispose of material dredged from harbors and navigation
areas in Rhode Island and southeastern Massachusetts. The area that was initially included in
project scoping meetings with the public is illustrated in Figure 1-1.

In the letter requesting EPA and the Corps’ consideration of designating a long-term disposal
site, the Governor cited difficulties that navigational facilities were experiencing due to a
backlog of maintenance dredging activities. This backlog stemmed from a lack of
environmentally acceptable and cost-effective disposal options available to the navigation
community. While other disposal options, including upland disposal, must be considered as part
of the permit process, the number of upland disposal sites was limited and, when available, was
an expensive alternative (Corps, 2001) that curtailed the number of facilities that could perform
maintenance activities. For this reason, the Governor requested that EPA initiate the necessary
efforts to identify and designate a long-term dredged material disposal site that could be used for
navigation projects in the State of Rhode Island. This effort required a comprehensive
assessment of all current and future dredging needs, identification of all the potential disposal
sites, and an assessment of potential impacts associated with the designation of a permanent
disposal site. A Notice of Intent (NOI) regarding the preparation of an environmental impact
statement (EIS) to consider the designation of one or more long-term ocean dredged material
disposal sites in the RIR was published in the Federal Register on April 6, 2001.
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Figure 1-1. Rhode Island Region Study Area.

This Final EIS has been prepared in accordance with the National Environmental Policy Act
(NEPA), 42 U.S.C. Section 4321 et seq., to evaluate the potential environmental impacts
associated with (1) the proposed action (designating one or more potential dredged material
disposal sites in the RIR) and (2) a no action alternative. While EPA is not legally required to
subject its disposal site designation process under MPRSA to environmental review under
NEPA, EPA is preparing this EIS in compliance with EPA’s “Statement of Policy for Voluntary
Preparation of National Environmental Policy Act (NEPA) Documents™: 63 Fed. Reg. 58045 —
58047. EPA has for many years voluntarily prepared NEPA reviews for its dredged material
disposal site designations under the MPRSA, and this action continues in that vein (63 Fed. Reg.
58046). EPA has explained that although “voluntary preparation of these [NEPA] documents in
no way legally subjects the Agency to NEPA’s requirements,” EPA will nevertheless “follow, as
appropriate, the procedures set out at 40 CFR Part 6, Subparts A through D (which can be found
on EPA’s website at www.epa.gov-oeca’ofa).” The EIS has also been prepared in compliance
with NEPA-implementing regulations promulgated by the Council on Environmental Quality
(CEQ) (40 CFR Parts 1500-1508).
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The publication of this Final EIS provides an opportunity for Federal agencies; state, local, and
tribal agencies; special interest groups; and the public to comment on the RIR EIS. After the
issuance of the Final EIS, EPA will issue a Final Rulemaking that states what alternative was
selected, if any; identifies all alternatives considered; and states whether all practical means to
avoid or minimize environmental harm have been adopted (40 CFR Section 1505.2).

1.2 PURPOSE OF AND NEED FOR THE ACTION

The purpose of this EIS is to evaluate whether EPA should designate one or more long-term
ocean sites in the RIR. The designation of one or more such sites could allow for the disposal of
material dredged from marine terminals, port facilities, and private marinas which preserve
shipping, provide increased navigation safety and effectiveness, and ensure the continued use,
economic viability, and safety of Federal navigational channels and private navigation-dependent
facilities. Periodic dredging must be performed to remove accumulated sediment (shoals)
deposited as a result of natural processes so that appropriate depths for the safe and efficient use
of commercial shipping and recreational boating operations are maintained. In addition,
increases in the sizes of commercial vessels (which require deeper channels to avoid tide-
induced delays or the need for lightering) and increases in the number of recreational water craft
have created a need for improvement dredging. Improvement dredging typically consists of
either deepening or expanding existing channels; developing new channels, marinas, or
anchorage areas; or a combination of all of these improvements.

The lack of a designated long-term ocean disposal site in the RIR has made maintenance
dredging of shoals in many marinas, berths, and channels in Rhode Island and southeastern
Massachusetts a difficult and costly task. It has also limited the ability of those facilities to either
expand to meet a growing need or to provide deeper channels or berths to meet the commercial
waterborne industry’s movement toward deeper draft vessels. Accumulated sediments must be
dredged periodically to ensure the safety of the vessels navigating harbor channels and
anchorages. It has been found that shoaling has adversely affected shipping in the project area, a
sector that contributes significantly to the Rhode Island and southeastern Massachusetts
economies (Corps, 2001). Shoaling can also cause channel restrictions, which result in added
time and cost to shippers bringing goods into and out of the ports; cause tidal delays; require
lightering (the process of transferring cargo from larger to smaller vessels to reduce draft); or
require the use of smaller, less efficient and more costly ships. In addition, vessels may scrape
bottom or become grounded if navigation depths are not adequately maintained, potentially
causing a hazardous situation to vessel or crew or resulting in damages to the vessel and the
discharge of cargo, such as petroleum, into the aquatic habitat.

Maintaining proper navigation depths is also important for the recreational industry in the region.
Marinas in the RIR are closely dependent on tourism, recreational fishing, and boating (Corps,
2001). Due to a lack of viable disposal alternatives, many marinas have gone decades without
significant dredging. As a result, marinas have shoaled over the years to the point where the
total number of slips that can accommodate large boats has been reduced, and large numbers of
slips have been lost entirely. Rhode Island marinas lose approximately $25 million a year due to
the inability to dredge their facilities (Corps, 2001).
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Large amounts of dredged material are generated from maintenance dredging of navigation
channels (to improve navigability), marinas and port facilities, and from improvement dredging.
Dredging needs surveys conducted in 1984 (West et al., 1985) and in 2002 (Corps, 2002) for the
Rhode Island and southeastern Massachusetts region examined past dredging activities,
quantities, dredging cycles, and disposal methods. Future dredging/disposal needs were
estimated based on the review of historic information and on information collected as part of a
questionnaire sent to navigation facilities in Rhode Island and southeastern Massachusetts.
Material that was most likely to be used for beach nourishment or other beneficial uses was not
included in final volume projections. The 1984 survey projected future volumes of dredged
material requiring disposal for both Rhode Island and Massachusetts to be 8.77 million cubic
yards (MCY) over the period 1985 — 1995. The 2002 survey (Corps, 2002) found that only

2.4 MCY was actually dredged between 1983 and 2002, most of which was used for beach
nourishment. The remaining volumes were most likely not dredged due to the lack of a
designated ocean disposal site. The Corps survey estimates that nearly 9 MCY" of dredged
material will be generated over the next 20 years (Table 1-1), excluding the Quonset
Point/Davisville Project and material projected to be used for beach nourishment. This estimate
also does not include the 2003 Providence River and Harbor Maintenance Project disposal at
Site 69B (Separation Zone Site) that began in early 2003, or recent proposals to create liquid
natural gas (LNG) terminals in the Fall River area. Figure 1-2 shows the projected 20-year
volumes of dredged material from Rhode Island and southeastern Massachusetts by municipality.

Table 1-1. Summary of Total Federal and Non-Federal Dredging Needs and Future
Quantities of Dredged Material for the Rhode Island and Southeastern Massachusetts
Region by 2021.

NA Not applicable.
CY cubic yards.

! The total volume for the Federal Navigation Projects does not include projects that will beneficially use dredged
material, such as beach nourishment. This totals 919,500 CY. Additionally, the New Bedford/Fairhaven Harbor
Project, which totals 1,783,500 CY, is not included because the Corps has already established that the material is
unsuitable for offshore disposal.

? The total volume estimate does not include known surveyed non-Federal facilities that will incorporate beneficial use
of dredged material, such as beach nourishment. This is estimated at 1,200,000 CY.

? Quonset Point/Davisville is excluded because the dredging associated with the proposed container port, between
8 and 14 MCY, is not a Federal project and its realization is not known at this time.

!'Since this information was developed, one potential project identified in the survey has been permitted to dredge
and dispose of material in conjunction with the Providence River and Harbor Maintenance Dredging Project. This
reduces the estimated total volume to 8,736,429 CY. Moreover, previously unidentified projects have come
forward, which may increase this estimate.
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Figure 1-2. RIR Long-Term Dredged Material Disposal Site Evaluation Project —
Dredging Needs Study - Projected 20-year Volumes of Dredged Material by Municipality.

The designation of one or more dredged material ocean disposal sites in the RIR would provide
an alternative disposal option for the region’s dredged material. Maintaining the existing
channels and periodically improving the region’s waterways are important for sustaining the
economic and recreational value of a safe and efficient water transportation resource. The ability
to support marinas and port facilities by providing an environmentally sensitive, practicable
dredged material disposal alternative is important for current and future needs of this region.

1.3 LAWS AND REGULATIONS GOVERNING RIR OCEAN DISPOSAL SITES

The primary authorities that apply to the disposal of dredged material in U.S. waters are the
MPRSA of 1972 and the Clean Water Act (CWA) of 1972. The jurisdiction of MPRSA and
CWA overlaps within the territorial sea, which is defined as the open water within the states’
3-mile Territorial Limit. Where jurisdiction overlaps, CWA takes precedence where dredged
material is used as fill, such as beach nourishment, while MPRSA takes precedence for the
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disposal of dredged material. The majority of the offshore waters of the RIR lie seaward of the
territorial sea baseline and thus are subject to MPRSA.

These acts, in concert with the Rivers and Harbors Act of 1899 and the Water Resources
Development Act of 1992 (WRDA92), implement the Convention on the Prevention of Marine
Pollution by Dumping Wastes and Other Matter (known as the London Dumping Convention, an
international treaty that guides the disposal of all materials in the marine environment). These
statutes and the regulations pertinent to the designation of one or more ocean disposal sites in the
RIR are summarized in the following sections.

1.3.1 Marine Protection, Research and Sanctuaries Act (MPRSA)

Any disposal occurring seaward of the territorial sea baseline is subject to the authority of the
MPRSA. Congress enacted the MPRSA of 1972 to address and control the disposal of materials
in ocean waters. Regulations implementing MPRSA were promulgated by EPA and are codified
at 40 CFR Parts 220-228 (referred to as the Ocean Dumping Regulations). Title I of MPRSA
authorized the EPA and the Corps to regulate disposal in U.S. ocean waters. EPA and the Corps
share responsibility for managing dredged material. EPA is also responsible for reviewing and
permitting any proposals to dump anything other than dredged material into ocean waters

(33 U.S.C. Section 1412(a) and (b)).

The MPRSA regulates dredged material disposal only in waters seaward of the territorial sea
baseline (with the exception of Long Island Sound), which are referred to as “ocean waters”
under statute U.S.C. Section 1402 (b). These waters include the 3-mile band extending seaward
of the baseline, which is referred to as the “territorial sea,” and beyond. Under the authority of
MPRSA Section 102, EPA is responsible for designating ocean sites for disposal of dredged
material. Goals of the EPA site designation process include limiting impacts to the environment,
providing for efficient management and monitoring operations, and, where appropriate,
supporting multiple users (e.g., the Corps, a local port authority, and private applicants). EPA
and the Corps work cooperatively to designate, monitor, and manage sites and to evaluate
dredged material permits and projects.

EPA is to designate sites and time periods for disposal, and can restrict site use, as necessary to
“mitigate adverse impact on the environment to the greatest extent practicable” (33 U.S.C.
Section 1412(c)). WRDA92 made a number of significant changes to MPRSA that affect the
management of ocean dredged material disposal sites. Section 506 of the WRDA92, which
amended the MPRSA, requires the EPA and the Corps to prepare a Site Management and
Monitoring Plan (SMMP) for each designated disposal site and specifies that after January 1,
1995, no site shall receive a final designation unless an SMMP has been developed. The SMMP
must include a baseline assessment of conditions at the site; a program for monitoring the site;
special management conditions or practices to be implemented at the site to protect the
environment; consideration of the quantity of material to be disposed of; the presence, nature,
and bioavailability of the contaminants in the material; consideration of the anticipated use of the
site over the long term; and a schedule for review and revision of the plan (33 U.S.C. Section
1412(c)(3)). A designated disposal site may not be used until the SMMP has been developed for
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the ocean disposal site (33 U.S.C. Section 1412(c)(4)). A Final SMMP has been prepared for the
ocean disposal site identified as the preferred alternative in this Final EIS and is included as an
appendix. Site management integrates permitting, enforcement, monitoring, and data
interpretation to continually evaluate the appropriateness of ocean disposal in relation to MPRSA
and the criteria.

EPA designation of an ocean disposal site does not authorize or result in the disposal of any
particular material at the site. Designation only makes a site available for disposal, and disposal
at a designated site is only one of a number of disposal options that are evaluated for proposed
dredging projects.

The MPRSA prohibits the disposal of dredged materials into water under its jurisdiction unless
conducted in compliance with a permit issued by the Corps under Section 103 of the MPRSA or
authorization under the Corps Civil Works Program (33 U.S.C. Section 1411 (a) and

Section 1413 (a)). Corps dredged material disposal permits and authorizations are issued under
MPRSA Section 103 and may include conditions deemed necessary by the Corps related to the
type of material to be disposed of, time of disposal, and other matters (33 U.S.C. Section 1413
and Section 1414(a)). The dredged material disposal permitting process requires consideration
of a range of disposal alternatives, including beneficial reuse and upland treatment and disposal.

The Corps issues a permit, or approves a dredging project under its civil works authority, only if
it has determined that dredged material disposal “will not unreasonably degrade or endanger
human health, welfare, or amenities, or the marine environment, ecological systems, or economic
potentialities” (33 U.S.C. Section 1413(a)). The Corps makes MPRSA Section 103
determinations by the standards set forth in EPA regulations (33 U.S.C. Section 1413(b)). EPA
has promulgated its ocean disposal regulations pursuant to MPRSA Section 102(a) (33 U.S.C.
Section 1412(a), at 40 CFR Parts 220 to 229). Corps permit determinations and civil works
approvals are also subject to any applicable requirements of other laws (e.g., the Endangered
Species Act (ESA), the Coastal Zone Management Act [CZM], etc.). In addition, Corps
authorizations under MPRSA are subject to EPA review and concurrence, and EPA may either
veto or add conditions to the permit or civil works approval (33 U.S.C. Section 1413(c)

and 1414(a)). The Corps does not issue permits under MPRSA for Corps dredged material
disposal projects under its civil works authority; rather, it authorizes its own disposal projects by
applying the same substantive and procedural requirements “in lieu of”’ the permit procedures
(33 U.S.C. Section 1413(e)). As such, Corps authorizations for Corps projects are subject to the
same EPA review and concurrence process described above.

The Corps and EPA are required to review and evaluate permit applications for proposed
dredged material disposal using criteria established by EPA under Section 102 of MPRSA.
Factors to be considered by EPA in developing the permit review criteria include:

e The need for the proposed disposal
e The effect of the disposal on human health and welfare; fisheries resources, plankton,
fish, shellfish, wildlife, shorelines, and beaches; and marine ecosystems
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o The effect of disposal on the transfer, concentration, and dispersion of such material, and
the potential changes in marine ecosystem productivity and population dynamics
The persistence and permanence of the effects of the disposal
The effect of disposing of particular volumes and concentrations of such materials
Appropriate locations and methods of disposal or recycling, including land-based
alternatives

e The effect on alternate uses of oceans

1.3.2 Clean Water Act (CWA), Section 404

Section 404 of the CWA (33 U.S.C. Section 1344) governs the disposal of fill, including dredged
materials, in waters of the United States within the 3-mile territorial sea. This applies to
discharges landward of the baseline of the territorial sea and in instances seaward of the baseline
when the intent is to fill or nourish beaches. The Section 404 permit program is implemented by
the Corps and covers the discharge or placement of dredged and fill material into inland waters
of the United States. The proposed action is to designate one or more ocean dredged material
disposal sites and does not involve inland waters, as defined; therefore, the Clean Water Act does
not apply to this proposed action.

1.4 HISTORY OF DISPOSAL IN THE RHODE ISLAND REGION

Dredging and disposal operations have been documented in the RIR since the 1920s; however,
until the 1970s, disposal activities occurred with less regulatory oversight and record-keeping.
Since the 1970s, little dredging has occurred in Rhode Island and southeastern Massachusetts
due to the lack of an open water disposal site. Prior to 2003, the Providence River and Harbor
Navigation Project was the last large Federal dredging project that utilized offshore disposal.
This project was constructed in the late 1960s to early 1970s (Corps, 2001), and the dredged
material from this project was deposited at a location known as Brenton Reef. Until selection of
Site 69B, as part of the recent Providence River and Harbor Maintenance Dredging Project
(Corps, 2001), dredging in Rhode Island and southeastern Massachusetts has been limited
primarily to the Cape Cod Canal and locations in southeastern Massachusetts where dredged
material, for the most part, can be used for beneficial purposes or disposed of elsewhere.
Section 1.4.1 documents disposal activities that have occurred to date, focusing mainly on an
area called the zone of siting feasibility (ZSF) (the reasonable and practical area within which
dredged material sites could be located off the shores of Rhode Island and southeastern
Massachusetts).

1.4.1 Documented Disposal from 1920s to Present

Dredging activities were conducted from the 1920s through the 1950s mainly as part of
navigation projects or bridge construction work in the Mount Hope Bay and Tiverton, Rhode
Island, areas in the upper reaches of Narragansett Bay. Materials from these projects were
placed at various locations in Narragansett Bay, Rhode Island.
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In the late 1960s, the best documented disposal of dredged material in the waters of Rhode Island
Sound took place at a location known commonly as the Brenton Reef Disposal Site (Saila et al.,
1969), more recently called Site 16 (Corps, 2001) (Figure 1-3). Dredged material placed at the
Brenton Reef Site originated primarily from the Providence River and Harbor Navigation Project
(Corps, 2001). The project, constructed by the Corps, involved the deepening of the Providence
River navigation channel from Narragansett Bay to Providence, Rhode Island, from 35 to 40 feet
(ft). This was the first time that dredged material from Narragansett Bay was deposited offshore
rather than within the estuary (Saila et al., 1971). In addition to Providence River material,
several smaller projects from the Mount Hope Bay approach channels and berthing area of the
New England Power Company’s Brayton Point Plant (Corps, 1972), and Point Judith, Rhode
Island (Pratt et al., 1973), were placed at the Brenton Reef Site. All disposal at the site ended in
1976.

Figure 1-3. Location of Historic Disposal Sites in the ZSF.

With the adoption of the MPRSA legislation in 1972 (see Section 1.3.1 for more details on
MPRSA), disposal in the ocean became more closely regulated and disposal was permitted only
at either selected or designated sites (Section 1.5 explains the difference between selected and
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designated sites). An attempt to designate a regional disposal site (Corps, 1982) and to dredge
the Fall River navigation channel in Massachusetts was made in the early 1980s but failed due to
the inability to identify an acceptable disposal site (Corps, 2001). With no selected or designated
site in the waters off Rhode Island and southeastern Massachusetts, little dredging has occurred
over the past 25 years in Rhode Island and southeastern Massachusetts (Corps, 2001).

Recently, the need to dredge the Providence River became vital to the continued use of the
Providence Berthing areas and led to selection and approval of a disposal site at a location
known as Site 69B (Separation Zone Site), selected under the MPRSA site selection criteria
(Figure 1-3). The Record of Decision (ROD) for the Providence River and Harbor Maintenance
Dredging Project was signed on March 18, 2002, and disposal of dredged material began in
April 2003. As a selected site, disposal will be allowed until April 2008 with the potential for an
additional 5-year disposal period. Dredged material being disposed of at Site 69B consists
primarily of material removed as a result of maintenance activities in the Providence River and
determined to be suitable for ocean disposal under national and regional testing guidance (EPA
and Corps, 1991; EPA and Corps, 2004). The sources, types, and quantities of material placed at
Site 16 and at Site 69B are discussed in the following section.

1.4.2 Sources, Types, and Quantities of Material Disposed of in the ZSF

Table 1-2 summarizes the volumes and sources of dredged material disposed of or permitted for
disposal within the ZSF and the disposal site location from 1967 through 2008 (projected).

Table 1-2. Disposal of Dredged Material Within the ZSF.

®Material was dredged prior to current testing requirements.
¢ The site can be reselected for another 5-year cycle.

The former Brenton Reef Disposal Site (Site 16) is located 4.6 nautical miles (nmi) from Brenton
Reef Light in Rhode Island Sound and occupies 1 square nautical mile (nmi®), centered at
latitude 41°23°25” N and longitude 71°17°58” W (Figure 1-3). The material placed at this site
was dredged prior to the extensive testing currently required to determine a material’s
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acceptability for ocean disposal and had relatively high levels of metals and organic compounds
(Saila et al., 1971). During the later years of operation, the potential for impacts from the
contaminants in the sediment were mitigated by placing sediments with higher contaminant
levels in the site first, then covering these with cleaner material. The areas dredged included
Providence Harbor, a series of reaches extending about 2 nmi down the Providence River, and a
2-nmi long approach channel in upper Narragansett Bay (Saila et al., 1971). Smaller amounts of
dredged material were deposited at Site 16 between 1970 and 1976 (Table 1-2) (Pratt ez al.,
1973).

Site 69B is located approximately 6.5 nmi east of Block Island and centered at latitude
41°13°51” N and longitude 71°22°49” W (Corps, 2001) (Figure 1-3). The 1-nmi’ site is situated
in a topographical depression that has a maximum depth of 130 ft. This site has been selected
for disposal of approximately 5.05 MCY of dredged material from the Providence River and
Harbor Maintenance Dredging Project and 550,000 CY of dredged material from private
maintenance projects adjacent to the Federal maintenance activities. The authorization for
dredged material disposal from that project at Site 69B expires in 2008. Other projects may opt
to use this site for disposal during this ongoing authorization period if the dredged material is
determined to be suitable for ocean disposal. After the current 5-year authorization period
expires, the site may be used for dredged material disposal for an additional 5-year period if it
meets the MPRSA Section 103 site selection criteria. Material determined to be unacceptable for
ocean disposal cannot be disposed of in the site.

1.5 AGENCY ACTIVITIES RELATED TO DREDGING/DISPOSAL IN THE RHODE
ISLAND REGION

In February 1993, the Governor of the State of Rhode Island established a Dredging Task Force
(formally called the Interagency Task Force to Preserve Shipping in Narragansett Bay) to
identify issues, develop a statewide plan for dredging, and ensure the plan’s implementation.
The Task Force included representatives from the Rhode Island Departments of Environmental
Management (RIDEM), Transportation (RIDOT), and Administration (RIDOA), the Rhode
Island Coastal Resources Management Council (RICRMC), the Rhode Island Port Authority
(RIPA), the Rhode Island Economic Development Corporation (RIEDC), the Port of Providence,
and the Governor's Policy Office. Advisory members of the Task Force included representatives
from the Corps, the U.S. Coast Guard, and the offices of the congressional delegation of Rhode
Island.

The Task Force met frequently between February and June of 1993 and completed a dredging
plan, which laid out specific steps to be taken to implement anticipated dredging projects. The
Task Force recommended prioritizing efforts and identified maintenance dredging of the Federal
Navigation Channel in the Providence River as its top priority.

The priority was based on surveys of channel water depth and channel width that had occurred
since the last dredging was completed in 1970. The surveys revealed that shoaling
(accumulation of sediment) had reduced the controlling depths in sections of the channel to 30 ft
below Mean Lower Low Water (MLLW). Because of the sedimentation and resultant navigation
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safety hazards, traffic in the channel was restricted to one-way traffic, and vessel drafts were
restricted to 35 ft below MLLW. Vessels with drafts in excess of the channel depths incurred
delays, were lightered (cargos transferred from larger to smaller vessels with shallower drafts),
or were light-loaded to reduce draft. To eliminate the existing safety hazards associated with the
shoaling in the channel and allow the resumption of two-way traffic, the State of Rhode Island
requested that the Corps perform maintenance dredging to restore the Providence Navigation

Channel to its authorized depths.

On April 29, 1994, the Corps published
an NOI to prepare a Draft EIS for the
proposed Providence River and Harbor
Maintenance Dredging Project. This
was the beginning of the process to
identify issues, design the maintenance
project, and identify a disposal location
for the dredged material so that
maintenance dredging could be initiated
and Providence River authorized depths
could be restored. Following the
regulatory processes in Section 404 of
the CWA (the CWA is applicable in
“State” waters but not in “ocean
disposal” sites) and Section 103 of the
MPRSA and in accordance with the
NEPA process, Draft and Final EIS
documents were issued and reviewed. A
ROD was issued by the Corps with
approval by EPA on March 18, 2002,
pursuant to its authority under MPRSA
Section 103, identifying Site 69B as the
selected alternative for disposal of
dredged material from the Providence
River and Harbor Maintenance Dredging
Project.

Providence River and Harbor Maintenance
Dredging Project

The Federal Navigation Channel of the Port of Providence
constitutes the principal commercial waterway in Rhode
Island. The Corps first initiated a Federal navigation channel
and harbor in the Providence River, Rhode Island, in the 19®
century with the construction of a 9-fi-deep channel.
Subsequent improvements were made at various periods,
including the last major dredging and disposal completed in
1970 and several smaller projects completed by 1976. The
project consists of a 16.8-mile-long channel that begins near
the head of Providence Harbor and follows the Providence
River on a southerly course to deep water near Prudence
Island. The upper 2.5 miles comprise the main harbor of the
Port of Providence. The channel is generally 600 ft wide,
except for a length between Fields Point (near the
Providence-Cranston city line) and Fox Point, where it has
varying widths of up to 1,700 ft. The channel has an
authorized depth of 40 ft below Mean Lower Low Water
(MLLW).

The Federal Providence River and Harbor Navigation Project
was implemented to provide navigation efficiency and safety
for deep draft vessel traffic using the channel. This deep
draft traffic consists mainly of tankers, barges, and general
cargo vessels, typically with drafts in excess of 39 ft fully
loaded.

Under MPRSA, a selected site can be used by other permit applicants only if each applicant
identifies the site as the proposed disposal location after a disposal alternative analysis.

A selected site itself can be used for disposal for no more than two 5-year periods. Thus,

Site 69B can be used by other projects only if the project selects the site and the selection and
disposal permit is approved. In contrast, a designated site is available for use by applicants as
long as they follow the Corps permitting process and it is determined, after an evaluation of
disposal alternatives, that the designated site is the most appropriate location for disposal of

dredged material.
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Ultimately, the decision to deny, approve, or place restrictions on a permit must meet the
regulatory requirement that the action causes no “unacceptable adverse impact”. As a result,
Federal and state agencies cooperatively set permit conditions by considering the range of
potential impacts and the environmental, economic, social, and political conditions associated
with the proposed activities (dredging, transport, and disposal).

Enforcement of the MPRSA and its accompanying regulations is a joint responsibility of EPA
and the Corps. The Corps may revoke disposal permits or suspend them for a specified period of
time if any of the conditions of the permit are violated. Additionally, disposal of dredged
material into the ocean without a permit or authorization is a violation of MPRSA. EPA is
responsible for assessing the civil liability of the violator; known violations of permit conditions
may be punished by imposing fines up to $50,000 or imprisonment up to S years, or both, for
each event. Enforcement is an important site management tool because it ensures that the
requirements set out in the disposal permit are complied with and that no unanticipated impacts
occur resulting in adverse consequences.

1.7 PUBLIC INVOLVEMENT

In accordance with the requirements of NEPA, as amended (41 U.S.C. Section 4321-4347) and
CEQ regulations for implementing the procedural provisions of NEPA (40 CFR Parts 1500-
1508), formal scoping and public involvement activities are required for Federal projects
requiring an EIS. The scope of an EIS consists of the range of actions, alternatives, and impacts
that are examined for a proposed action. NEPA requires initiating an early and open process
with the public regarding a proposed action for which an EIS is prepared. This process is called
scoping. The purpose of scoping is to inform and obtain input, including issues of concern, from
private citizens, citizen groups, public interest groups, organizations, businesses, and Federal and
state agencies and Tribes, and to involve them in the decision-making process.

Scoping is achieved by holding public meetings where the proposed project is presented and
comments and questions are solicited, reviewed, and responded to, either at the meetings or in
the NEPA documentation. This input is used by the agencies to provide guidance in identifying
areas that are of particular concern to the public or that require additional information. This
process ensures that the EIS addresses pertinent issues regarding the proposed project and can
facilitate the acceptance of the project should it be implemented.

EPA and the Corps initiated scoping activities at the onset of this project to identify agency and
public issues and concerns regarding the proposed action. In response to the issues and concerns
identified through the scoping meetings, EPA and the Corps developed an extensive public
involvement program to be conducted throughout the life of the project to ensure public
awareness and obtain continuous public input. This program included public meetings, special
working group meetings facilitated by the Coastal Institute (CI) of the University of Rhode
Island (URI), an EPA and Corps e-mail address to receive and respond to project questions and
comments, a project website to provide project information, and separate meetings to solicit
input from stakeholders and from Federal, state, and local agencies. Sections 1.7.1 through 1.7.4
summarize the scoping activities and future opportunities for public input. Section 7.0, Public
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Involvement, provides a comprehensive discussion of all public involvement activities
undertaken during the Rhode Island Region Long-Term Dredged Material Disposal Site
Evaluation Project.

1.7.1 Public Scoping Meetings

EPA and the Corps conducted two formal scoping meetings for this project. The first was held
on May 17, 2001, at White’s of Westport, in Westport, Massachusetts. The meeting was
attended by representatives of the EPA and the Corps and by 13 stakeholders, who were either
private citizens or representatives from the marine trade organization, a marine operator, and the
Harbor Master of Westport. The second meeting was held on May 22, 2001, at the Lighthouse
Inn in Narragansett, Rhode Island. Representatives from the EPA and the Corps and
approximately 35 stakeholders were present at that meeting. Attendees included fishermen,
lobstermen, members of environmental groups such as “Save the Bay,” city council members,
representatives for then-Governor Lincoln Almond and Senator Lincoln Chafee, Rhode Island
legislative representatives, and members of the RICRMC. Public comments received at both
meetings reflected the following concemns:

The need for adequate data regarding fish and lobster habitats in Rhode Island Sound
The economic impacts of the project

Alternatives to disposal in Rhode Island Sound

Confusion or misconception about the purpose of the project

At the Westport meeting, a representative from the maritime association also indicated a “need”
for an ocean disposal site.

Based on the concerns and issues identified by the attendees at these two meetings, the EPA and
the Corps agreed to perform the following tasks during the project development process:

Conduct a comprehensive review of available data pertaining to the RIR

Collect any existing data on biological resources (shellfish, lobsters, finfish, and habitat)
Collect information from fishermen about the areas where they fish and lobster
Continue public outreach

Identify relevant information from the Providence River and Harbor Maintenance
Dredging project

Forecast future dredged material disposal needs for the region

Define methods to address economic issues

Collect physical, chemical, and biological data from potential disposal sites

1.7.2 Intra-Agency Meeting

An intra-agency meeting was convened between the EPA, Corps, and NMFS on November 14,
2001. This meeting focused on the “V-notch program” that was being facilitated by staff at
NMFS’s Narragansett Laboratory in association with the State of Rhode Island. The goals of
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this program were to ascertain the abundance and health of lobsters in the region in the wake of a
1996 oil spill that occurred in southern Rhode Island known as the North Cape oil spill. Data
collected from this program were identified as being potentially useful to the RIR EIS. It was
determined that NMFS would provide V-notch program data, including number of legal lobsters,
and the number of V-notched lobsters with eggs for each area studied.

1.7.3 Meetings with Fishermen and Lobstermen

In response to concerns and issues raised at the public scoping meeting, the EPA and the Corps
held meetings with Rhode Island Sound fishermen on August 28, 2001, on November 14, 2001,
and on January 8, 2002. The August meeting was held at RIDEM in Wakefield, Rhode Island;
the November and January meetings took place at the NMFS’s Narragansett Laboratory in
Narragansett, Rhode Island. A meeting was also held in January 2003 at the Coastal Institute.
Neither the Corps nor EPA attended that meeting. The same concerns discussed in Section 1.7.1,
Public Scoping Meetings, were discussed at the meetings, in addition to the following issues:

Location of significant fisheries

Relationship of (or confusion over) the Providence River project and the RIR project
Public participation process for the RIR EIS

Economic impact to fishing industry from the RIR project

Data needs

Alternatives to be examined in the RIR EIS.

1.7.4 Future Public Involvement Opportunities

In accordance with the NEPA process, the
public has the opportunity for comment
throughout the EIS process through public
information meetings, working group sessions, Final EIS for the Rhode Island Region Long-
verbal and written communication avenues Term Dredged Material Disposal Site

with EPA and the Corps, and public comment | Eyajyation Project. Comments may be
periods on the Draft and Final EIS documents. submitted:

This Final EIS and the accompanying Final

EPA Wants Your Input on the Draft EIS

EPA requests and encourages comments on the

SMMP are published together to provide an By mail to:

opportunity for public review and comment. Olga Guza

Comments may be provided in writing (by U.S. EPA New England, Region 1
mail, facsimile, or electronic mail). One Congress Street, Suite 1100

Mail Code CWQ

A minimum 30-day public comment period is
Boston, MA 02114-2023

provided once a Notice of Availability of the
Final EIS is published in the Federal Register. By facsimile to: (617) 918-1505
Additionally, EPA conducted public hearings By electronic mail to:

for interested parties to submit comments on R1_RISEIS@EPAMAIL.EPA.GOV
June 15, 2004 at the Lighthouse Inn of Galilee B
in Narragansett, RI. The dates for the public
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comment period and the locations, dates, and times of the public hearings were published in the
Federal Register, in public notices, and in press releases; this information was also mailed to
individuals and agencies identified on the EIS mailing list. Comments received were addressed
in this Final EIS.

1.7.5 EPA Rulemaking Process

At the completion of the evaluation process, a draft of the proposed rulemaking was published in
the Federal Register for public comment on April 30, 2004. Following issuance of this Final
EIS, EPA will publish a formal rulemaking, no earlier than 30 days after the Notice of
Availability of the Final EIS is published in the Federal Register.
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2.0 ALTERNATIVES

This section describes the process used to identify potential areas acceptable for locating an
ocean dredged material disposal site in the Rhode Island Region (RIR) and provides an overview
of the alternatives evaluated throughout the environmental impact statement (EIS) process,
including the No Action Alternative. The No Action Alternative would be to abstain from
designating an ocean site for dredged material disposal within the RIR.

The activities and impacts analyzed in this EIS focus exclusively on ocean disposal; however,
during the overall EIS process, alternatives to ocean disposal were considered in accordance with
the National Environmental Policy Act (NEPA). These included beneficial uses of the dredged
material, upland alternatives, and treatment technologies. Section 2.1 briefly describes these
alternatives. This EIS determined that none of these alternatives could provide the necessary
holding capacity or would meet the long-term regional dredged material disposal management
objectives for the RIR. A number of other local or regional studies, including the Long Island
Sound EIS (EPA, 2004), Boston Harbor EIS (Corps, 1995), and the Final EIS for the Providence
River and Harbor Maintenance Dredging Project (Corps, 2001), reached the same conclusion.
Therefore, those disposal options were not evaluated in detail in Sections 3.0 and 4.0. The
detailed evaluation focuses on identifying sites that would be acceptable for receiving dredged
material deemed suitable for ocean disposal as defined by the Marine Protection, Research, and
Sanctuaries Act of 1972 (MPRSA) Ocean Dumping Regulations and implemented under the
requirements of the Ocean Testing Manual (EPA and Corps, 1991) and the Regional
Implementation Manual (EPA and Corps, 2004).

This Final EIS analyzes the potential environmental impacts associated with the No Action
Alternative and two alternative ocean dredged material disposal sites (Site E and Site W in
Figure 2-1), which were identified as potential candidates following a site screening process
(Corps, 2003a). The screening process considered sites within the zone of siting feasibility
(ZSF), the reasonable and practical area within which dredged material sites could be located off
the shores of Rhode Island and southeastern Massachusetts.

2.1 ALTERNATIVES CONSIDERED AND ELIMINATED FROM DETAILED
STUDY

This Final EIS focuses on the possible designation of ocean dredged material disposal sites under
MPRSA Section 102. Because other disposal alternatives such as beneficial use, treatment of
dredged material, and containment will not meet the long-term regional needs, they are not
analyzed in detail. Each of these disposal alternatives is briefly described below and will be
analyzed in subsequent NEPA documents prepared for specific proposed dredging projects.

e Upland and Beneficial Use — Options may include use of dredged material at upland
sites (e.g., landfill cover and brownfields) and along shore sites (beach, dune, and
wetland restoration). The ability to use dredged material in this way depends on the
physical and chemical characteristics of the material.
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Figure 2-1. Alternative Ocean Dredged Material Disposal Sites Evaluated in this Final EIS.

Treatment — Treatment alternatives for dredged material can involve separation
(removing contaminants from the sediments for further treatment or confinement),
reduction (removing the uncontaminated fraction of the sediments to reduce the volume
that must be treated or contained); stabilization (fixing the contaminants into the sediment
matrix to reduce the possibility of exchange with biological components of the
ecosystem); and destruction (destroying the contaminants to render them harmless, such
as with thermal treatment).

Containment — This option is commonly used for disposal of dredged material found to
be unacceptable for open water disposal, primarily because of contaminants in the
dredged material. Examples include development of in-channel disposal sites, excavation
of borrow pits, creation of islands, and use of disposal facilities in barren or industrialized
land.

Relative to the RIR, several specific dredged material management options were evaluated in
detail in the Providence River and Harbor Maintenance Dredging Project Final EIS (Corps,
2001). That EIS found that alternative treatment technologies for marine sediments were



Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 2-3

unproven at operational scales and that few have been commercially demonstrated or are
available for the purpose of treating dredged material. Dewatering treatment technologies have
been used to some extent, however, after dewatering, large amounts of material must be
transported elsewhere for disposal at an extremely high cost. For these reasons, these processes
have not been implemented routinely in the region and therefore, these dredged material
management options were found unfeasible for the volume and rate of material generated by
large dredging projects.

As for upland disposal, the Providence River and Harbor Maintenance Dredging Project Final
EIS found that placing material in the aquatic environment avoids land use and traffic impacts
and costs substantially less than non-aquatic alternatives. It also found that disposing of large
volumes of the material at landfill sites would result in the unacceptable loss of capacity and
lifespan of the landfills evaluated.

The Providence River and Harbor Maintenance Dredging Project Final EIS also found that using
the dredged material for habitat creation/restoration, while possible in limited situations, was not
a viable option for that project because costs would be high and the number of sites with
sufficient capacity to hold material was limited. The current dredging needs study (Corps,
2002a) found that most of the ~ 2.4 MCY of material that was dredged in the region in the past
20 years was used for beach nourishment. Estimates of dredging needs in the next 20 years
include almost 1.2 MCY for beach nourishment and almost 9 MCY of material that may not be
suitable for beneficial use. Based on the Providence River EIS evaluation and the large amount
of additional material projected for dredging in the region, beneficial use is not a viable option as
a long-term solution to dredged material disposal in the RIR.

Containment options were found viable, and in certain cases excavated material could be used
for beneficial uses, thus requiring project-specific evaluation of alternatives at the permitting
stage. These findings and conclusions remain valid today.

2.2 IDENTIFICATION OF OCEAN ALTERNATIVE SITES

The process of defining the alternatives evaluated in this Final EIS consisted of the following

steps:

¢ Defining the region’s dredging needs (Corps, 2002a) to identify the potential volume of
dredged material that could require ocean disposal to assist in identifying site volume
requirements

e Identifying a ZSF (Corps, 2002b) — the reasonable and practical area within which a
dredged material site could be located (see Figure 2-1)
Reviewing possible alternatives
Identifying specific locations for further evaluation

These activities were performed in coordination with Federal and state cooperating agencies and
the project’s Working Group.
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A dredging needs study was conducted to determine the current dredging needs and project
volumes of dredged material in the Rhode Island and southeastern Massachusetts region over a
20-year period (Corps, 2002a). The results of this study indicate that between 2002 and 2021,
the Rhode Island and southeastern Massachusetts region has the potential to generate more than
9 million (M) cubic yards (CY) of dredged material that will require relocation to a disposal
location. Based on the results of the dredging needs analysis, the study area was divided into
four dredging centers, or geographical areas, that share a logical point of origin for dredged
material. The dredging centers defined for the Rhode Island and southeastern Massachusetts
region are Southern Rhode Island and Block Island, Narragansett Bay, Buzzards Bay, and
Southern Cape Cod and the Islands (Figure 1-1 in Section 1.0).

The geographic boundaries of the ZSF were determined based on the results of the following:

e The dredging needs study (Corps, 2002a)

e Ocean disposal site designation guidelines prepared by the U.S. Environmental Protection
Agency (EPA) and the U.S. Army Corps of Engineers, New England District (Corps)
(1986)

e Evaluation of a set of criteria applicable to delineating the ZSF (Corps, 2002b). These
criteria included political boundaries, navigation restrictions (such as safety issues, etc.),

type of disposal plant, cost of transporting dredged material, and distance to the
continental shelf.

The ZSF defined for this evaluation encompasses Rhode Island Sound, Block Island Sound, and
the area of the continental shelf south to a distance approximately 30 nautical miles (nmi) from
the mouth of Narragansett Bay. The ZSF covers an area of 1,100 nmi’ and reflects the maximum
distance offshore that is practical for transporting dredged material to a potential disposal site

using long-haul bottom dump barges. A detailed description of the location of the ZSF is
provided in Section 3.1.

2.2.1 Site Screening Process

Once the ZSF was established, a two-tiered screening process was conducted using MPRSA site
identification criteria. This process involved reviewing and evaluating available biological,
chemical, and physical data and considering other uses of the ocean within the ZSF. Tier 1
screening ruled out areas where disposal could not occur. Tier 2 screening identified areas where
disposal was still possible. Additional information was then evaluated in the acceptable areas to
identify potential disposal alternative sites. The screening process narrowed the area within the
ZSF that was potentially suitable to receive acceptable dredged material to two areas, each
covering approximately 1 nmi®. This section summarizes the screening process; a

comprehensive description of the process can be found in the Alternative Site Screening Report
(Corps, 2003a).

The MPRSA lists five general and 11 specific criteria required for evaluating and designating
ocean disposal sites (40 CFR 228.5 and 40 CFR 228.6, respectively) (Table 2-1). EPA, in
rther Federal and state agencies, used these criteria to perform initial screening
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Table 2-1. MPRSA Criteria for the Evaluation and Designation of Ocean Dredged

Material Disposal Sites (40 CFR 228.5 and 228.6).

A MPRSA Regulation

228.5(a) | The dumping of materials into the ocean will be permitted only at sites or in areas selected to
minimize the interference of disposal activities with other activities in the marine
environment, particularly avoiding areas of existing fisheries or shellfisheries, and regions of
heavy commercial or recreational navigation.

228.5(b) | Locations and boundaries of disposal sites will be so chosen that temporary perturbations in
water quality or other environmental conditions during initial mixing caused by disposal
operations anywhere within the site can be expected to be reduced to normal ambient seawater
levels or to undetectable contaminant concentrations or effects before reaching any beach,
shoreline, marine sanctuary, or known geographically limited fishery or shellfishery.

228.5(c) | If at any time during or after disposal site evaluation studies, it is determined that existing
disposal sites presently approved on an interim basis for ocean dumping do not meet the
criteria for site selection set forth in §§ 228.5 through 228.6, the use of such sites will be
terminated as soon as suitable alternate disposal sites can be designated.

228.5(d) | The sizes of ocean disposal sites will be limited in order to localize for identification and
control any immediate adverse impacts and permit the implementation of effective monitoring
and surveillance programs to prevent adverse long-range impacts. The size, configuration,
and location of any disposal site will be determined as a part of the disposal site evaluation or
designation study.

228.5(e) | EPA will, wherever feasible, designate ocean dumping sites beyond the edge of the
continental shelf and other such sites that have been historically used.

228.6(a) | In the selection of disposal sites, in addition to other necessary or appropriate factors
determined by the Administrator, the following factors will be considered:

(1) | Geographical position, depth of water, bottom topography and distance from coast;
(2) | Location in relation to breeding, spawning, nursery, feeding, or passage areas of living
resources in adult or juvenile phases;
(3) | Location in relation to beaches and other amenity areas;
(4) | Types and quantities of wastes proposed to be disposed of, and proposed methods of release,
including methods of packing the waste, if any;
(5) | Feasibility of surveillance and monitoring;
(6) | Dispersal, horizontal transport and vertical mixing characteristics of the area, including
prevailing current direction and velocity, if any;
(7) | Existence and effects of current and previous discharges and dumping in the area (including
cumulative effects);
(8) | Interference with shipping, fishing, recreation, mineral extraction, desalination, fish and
shellfish culture, areas of special scientific importance and other legitimate uses of the ocean;
(9) | The existing water quality and ecology of the site as determined by available data or by trend
assessment or baseline surveys;
(10) | Potentiality for the development or recruitment of nuisance species in the disposal site;
(11) | Existence at or in close proximity to the site of any significant natural or cultural features of

historical importance.
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Tier 1 Screening

Tier 1 screening identified areas within the ZSF that were not acceptable for locating an ocean
disposal site under the MPRSA, focusing the area to be considered for Tier 2 screening. The
southern geographic boundary of the ZSF previously excluded areas beyond the continental shelf
(MPRSA Section 228.5[e]) and was based on a travel distance of approximately 20 nmi south of
the southernmost dredging center of Block Island, Rhode Island (Corps, 2002b). Long-distance
haul traveling beyond the 20 nmi distance creates additional risks such as greater use of fossil
fuels and increased air emissions, greater casualty loss, greater potential for endangered species
encounters (i.e., risk of whale strikes), and potential risks from traveling in the open ocean and
wave conditions. The ZSF study determined this transport distance to be reasonable based on
environmental concerns, safety, practicality, and operational efficiency within an 8-hour
workday using disposal practices typical in the New England area. In addition, areas of high
dispersion (erosion) potential and of clearly conflicting uses were excluded from further
consideration during the Tier 1 screening. Areas of conflicting uses included:

Anchorages

Reserves and science areas

Beaches and amenities

Conservation areas (sanctuaries, wildlife refuges, national seashores, parks, fish havens,
artificial reefs)

Active ordnance and military use

Active utilities (pipelines, cable areas, etc.)

Historic or culturally important shipwrecks

Figure 2-2 shows the areas that were eliminated as unacceptable for an ocean disposal site during
Tier 1 screening.

The potential erosion and transport of sediment in the ZSF during typical storm events was
modeled using physical parameters, such as wind, waves, and sediment type (grain size and
cohesiveness) information (Corps, 2003a). The modeled estimates for potential sediment erosion
were then compared to depth. This comparison predicted that sediments were not likely to be
resuspended at depths below 170 feet (ft), but that occasional erosion and frequent sediment
transport occurred at depths shallower than 105 ft. The interagency group decided to exclude
areas of the ZSF where depths were less than 115 ft, the minimal depth for locating a disposal
site based on high potential sediment erosion (105 ft) and the theoretical mound height (a 10-ft
mound created from the disposal of more than 8 MCY over 20 years).

The interagency group recommended that the modeling results also be considered as an
exclusionary layer. The areas predicted to have a high potential for erosion were excluded; those
with a moderate potential for erosion (gray in Figure 2-2) were initially considered but were
excluded after this evaluation. The areas of high potential sediment erodability in the northwest
comer of the ZSF also coincided with areas of strong tidal currents, which were considered as
further justification for excluding that area during this screening. The areas of the ZSF shown in
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Figure 2-2 that are not black (excluded) or gray (potential for impact) were carried forward to the
Tier 2 evaluation.

Tier 2 Screening

The objective of the Tier 2 screening was to further evaluate the areas determined during Tier 1
to be potentially acceptable and, if possible, identify actual alternative disposal sites for further
evaluation in this Final EIS. The Tier 2 screening criteria were categorized quantitatively into
three levels, as described for Tier 1 (Corps, 2003a) and included:

Fish and shellfish resources (finfish, lobster, and shellfish)
Navigation

Diving areas

Unexploded ordnances (UXOs)

Economics (cost of transport)

Tidal ellipses

Grain size distributions

Historic and current disposal sites

The southern boundary of the ZSF was set at approximately 20 nmi from the dredging center on
Block Island by considering all the potential dredging locations (Corps, 2002b). Further review
of the information in the ZSF report identified that only the centers on Block Island and Gay
Head caused the boundary to be located approximately 30 nmi offshore. Examination of cost
tables for typical barge operations determined that a more appropriate economic distance from
most harbors in Rhode Island and southeastern Massachusetts was approximately 20 nmi from
the coast. This was found to be reasonable for the greatest haul distance in upper Narragansett
Bay. Transfer distances of greater than 20 nmi offshore were considered less favorable from a
cost perspective. Uncertainty regarding the environmental consequences of disposal of dredged
material in areas beyond 20 nmi offshore was an issue as well. The interagency group decided
that the area of the ZSF greater than 20 nmi from the coast would be removed from further
consideration.
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Figure 2-3 shows the areas that were found acceptable for location of a potential ocean disposal
site if only Tier 2 screening information were used to identify candidate sites. Areas that were
important fish and shellfish habitats, those used for navigation and diving, those containing
UXOs, and those that were beyond an economically effective distance from the coastal dredging
centers were all removed from consideration during Tier 2 screening.

Combined Tiered Screening Results

The areas removed from further consideration by both the Tier 1 and Tier 2 screening are shown
in Figure 2-4 as black or gray. Of the areas that remained after screening, the area to the
southwest of Block Island, Rhode Island, was excluded from consideration based on information
that the bathymetric trough in that region has high currents, is used as a migratory route for
lobster, and is in close proximity to other significant fisheries in this area. The area in the
southeastern portion of the ZSF was also considered unacceptable due to its close proximity to
highly productive shellfish beds. The area adjacent to the western boundary of the ZSF was
excluded due to the strong tidal currents and high potential sediment erodability found in the
northwestern comner of the ZSF.

Of the areas potentially acceptable for locating an ocean dredged material disposal site (red
polygons in Figure 2-4), only two (Area E and Area W, shown on Figure 2-5) were
recommended for further analysis and consideration in this Final EIS at a September 8, 2003,
interagency meeting (Section 6.0 discusses all interagency meetings and coordination). The area
defined as Area W encompasses Site 69B, which was selected in 2001 and became an active
dredged material disposal site in April 2003 for dredged material found suitable for ocean
disposal from the Providence River and Harbor Maintenance Dredging Project and nearby areas
(Corps, 2001). The boundaries of Area W are set in the east and west by a navigational channel
buffer zone, in the south by depth restrictions, and to the north by anecdotal reports that it is a
finfish trawling zone. The area defined as Area E is located about 9 nmi east of Area W in

120 to 150 ft of water. The boundaries of Area E are set in the northwest by a navigational
channel buffer zone on the inbound lane to Buzzards Bay, in the northeast by depth restrictions
(erosion potential), and in the south by an identified finfish trawling zone.

It was not feasible to further refine specific potential locations of alternative disposal sites for
evaluation in these areas at the end of the Tier 2 screening due to the lack of comparative data for
the eastern area. The interagency group recommended that additional data be collected and that
further evaluations be conducted on these areas to more fully define the sites for evaluation in
this Final EIS. Moreover, the screening indicated that the western area (Area W) needed further
data collection due to the overlap of the present Site 69B with the 0.5-nmi buffer area applied to
the inbound navigation lane to Narragansett Bay.
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Figure 2-4. Tier 1 and Tier 2 Screening Results.

‘€SS

-~
_—

|
—



Digitized by GOOS[Q



Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 2-14

e Lobster abundance and distribution (using pots/traps)
e Ocean quahog and mahogany clam abundance and distribution (using clam dredges)

A series of field surveys were completed in the summer of 2003 to satisfy the identified data
gaps in Areas E and W (Corps, 2003b; Corps, 2003c; Corps, 2003d; Corps, 2003¢; Corps, 2003f;
Corps, 2003g). The data from these surveys were mapped graphically as GIS data layers using
ESRI Arcview and were used to identify 1-nmi’ alternative sites within each of the alternative
areas.

Area E Evaluation

Field data were collected for Area E from a survey area of approximately 4 nmi’ within the
widest portion of the area, since the northeast and southwest comers of this area were not large
enough to accommodate a 1-nmi’ disposal site (see Figure 2-5). Side-scan sonar images and
sediment characteristics derived from rapid sediment imagery using SPI indicated that Area E
consists of a number of different habitat types, with coarse to medium sand in the southwest
portion of the area, silty-fine sand along the southern border of the area, and significant
expressions of rocks and boulders in the northern and eastern portions of the area. The rough,
rocky bottom type present in the northeastern portion of Area E restricted the sampling efforts
for finfish and quahog to the southern part of the area. The number of finfish collected from
Area E and locations just to the south was generally low. Slightly larger numbers of finfish were
collected from the northeastern trawl locations than from the trawls located in the southwestern
portion of the area. These data are consistent with the anecdotal information regarding finfish
trawl activities that occur immediately to the south of Area E and were used to set the southern
boundary of this area.

Lobsters were more abundant during the sampling at stations located in the northeast part of the
area. This is consistent with the preferred habitat of lobsters (i.e., mixed bottom type including
significant surface expressions) (Cobb and Phillips, 1980). Throughout Area E, unvented' pots
contained more lobsters than vented pots, indicating that sub-legal sized lobsters are present in
this area. Ocean quahog densities were generally low in Area E, with higher densities found in
the southwest portion of the area, corresponding to the presence of coarse to medium sand in
accordance with the preferred substrate identified by Fogarty (1979, 1981). Few to no ocean
quahogs were found in the areas of siltier and finer sands near the southern border of the area.
These results are consistent with the field studies conducted by Fogarty (1979, 1981) that
demonstrated (1) ocean quahog biomass is generally low in the vicinity of Area E, and (2) ocean
quahogs prefer sediments with high amounts of medium sand and shell fragments. Fogarty also
found that ocean quahog densities were lowest in high silt/clay or coarse sand-gravel sediment.

It was determined that rocky bottom types within Area E should be avoided to the extent feasible
due to their ability to provide suitable habitat for a number of biological resources. The eastern

! As required by law, all lobster pots are required to have an opening (approximately 2 inches by 5 inches) in the
"parlor" area of the pot to the outside to allow undersize lobsters to escape. In the unvented pots, the escape vents
are closed up using a mesh screen to prevent the juvenile lobsters from escaping.
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portion of the area was also excluded from consideration due to the significant lobster and finfish
resources present.

Using the results of the summer 2003 field studies, three locations, each covering approximately
1 nmi?, were considered as possible alternative sites within Area E (Figure 2-6). The
northernmost location (Location 1 in Figure 2-6) was excluded because the site overlapped with
finfish resources to the south and significantly overlapped hard-bottom high-relief habitat to the
northeast. The middle location (Location 2 in Figure 2-6) was removed from consideration
because it also overlapped with finfish resources to the south and hard-bottom habitat. The
southwesternmost location (Location 3 in Figure 2-6) avoided areas of considerable lobster and
finfish resources and minimized inclusion of the high-relief areas while maximally staying
within the initial screening boundaries. The amount of overlap on the finfish trawl areas to the
south was minimal, and the site extended slightly into the shipping lane buffer zone to the north.
While the site was located in an area where ocean quahogs were found, the measured densities
are low compared to other areas of the ZSF (see Section 3.11).

Based on the data and evaluation, it was recommended that the southwesternmost area within
Area E (Location 3 in Figure 2-6) should be included as an alternative called Site E in this Final
EIS. The interagency group reviewed the process for locating this alternative site and concurred
with the recommended location of Site E, while noting the presence of some lobster habitat
within the area.

Area W Evaluation

Additional field data were collected within a survey area of approximately 1.5 nmi’ to the north
and west of the current Site 69B (see Figure 2-5). Additional data collection from within

Site 69B was not needed due to the availability of previous information gathered during the
Site 69B site selection process and in previous field efforts as conducted in preparation of this
Final EIS.

Side-scan and SPI data indicated that the sediment bottom type in Area W consists primarily of
uniform fine sands with very little expressions of high relief (rocks, boulders, etc.) in the western
portion. Higher relief was found in the northern portion of the area. A large number of trawling
scars were visible in the side-scan images collected from the western portion of Area W. The
number of finfish collected from Area W was generally low (and consistent with the numbers
collected from Area E at this time). Slightly larger numbers of finfish were collected from the
western portion of Area W than from the northern portion. Lobsters were more abundant at
stations located in the northern part of the area, consistent with the preferred habitat of lobsters
(i.e., mixed bottom type including significant surface expressions) (Cobb and Phillips, 1980).
Unvented pots generally contained more lobsters than vented pots, indicating that sub-legal sized
lobsters are present in this area. Quahog densities were generally low in Area W, with densities
fairly consistent throughout the area. These results are consistent with recent and historic ocean
quahog studies conducted in the immediate area (Corps, 1998; Corps, 2003b; Fogarty, 1979;

Fogarty, 1981).
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Figure 2-6. Location and Bottom Type of Three Potential Alternative Sites within Area E.

It was determined that the rocky bottom types within the northern portion of Area W should be
avoided because they provide suitable habitat for a number of biological resources. Using the
results of the summer 2003 field studies, two locations, each covering approximately 1 nmi’,
were considered in the remaining area as potential alternative sites within Area W (Figure 2-7).
The western location (Location 1 in Figure 2-7) encompassed an area containing consistently
low abundances of finfish, lobster, and ocean quahog and avoided the hard-bottom habitat to the
north. It was also within the boundaries of the two navigational channel buffers on either side of
the site. However, this site overlapped with an area that is heavily trawled based on the presence
of numerous trawls scars in the western portion of this area observed in the field information
collected. The site becomes progressively shallower to the west, with approximately half of the
site shallower than 120 ft. Therefore, this site was excluded from consideration.
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This evaluation recommended the eastern location (Location 2) within Area W for further
evaluation as an alternative called Site W in this Final EIS. The interagency group reviewed the
process for locating this alternative site and concurred with the recommended location of Site W.

2.3 ALTERNATIVES EVALUATED

This section describes the No Action Alternative and the general setting of each alternative site
(Site E and Site W) identified by the screening process and evaluated in this Final EIS.

2.3.1 No Action Alternative

NEPA requires that an EIS evaluate the “No Action Alternative” (40 CFR 1502.14[d]). In cases
involving Federal decisions on proposals for projects, “no action” means the proposed activity
would not take place. Under this Final EIS, the No Action Alternative would be to abstain from
designating a permanent ocean site for dredged material disposal within the RIR. Evaluation of
the No Action Alternative involves assessing the environmental and socioeconomic effects that
would result if the proposed action (i.e., designation of an ocean disposal site) did not take place.
These effects are assessed and compared with the impacts of the other alternatives.

23.2 SiteE

Site E is a 1-nmi square with its center located at 41° 15' 36"N and 71° 09' 36"W (NAD 83)
(Figure 2-8). The site is located 15 nmi southeast from Point Judith, Rhode Island and 17.7 nmi
northeast of Block Island, Rhode Island, in water depths from 123 to 135 ft. Site E is located on
a gently sloping plane that deepens to the south and east.

The native sediments at the site are predominantly medium to fine sands, with some finer-
grained sediments (i.e., silt) along the southeastern boundary (Corps, 2003c). An area of mixed
sediment types is present in the northeastern quadrant of the site.

233 SiteW

Site W is a 1-nmi square with its center located at 41° 13°51”N and 71° 22°49”W (NAD 83)
(Figure 2-9). The site is located approximately 9 nmi south of Point Judith and roughly 6.5 nmi
due east of Block Island. Site W is located over a topographic depression, where the maximum
water depth is about 130 ft. Water depths of the surrounding area are between 113 and 118 ft to
the north, east, and south of the surveyed area. The southeastern portion of the site shoals more
rapidly than the northern and western areas.

Native surface sediments in and around Site W are predominantly fine and very fine sands,
containing varying proportions of finer-grained sediment fractions (i.e., silts and clays) (Corps,
2002c). Sediments in and near the northeast corner of the site have relatively high gravel
content, and the area is dominated by sands and hard gravel bottom. Fine to medium sands and
gravel are found near the southeast comer of the site, but the bottom type is changing due to
active disposal from the Providence River and Harbor Maintenance Dredging Project. The
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Figure 2-9. Location of Site W.
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3.0 AFFECTED ENVIRONMENT

This section describes, both qualitatively and quantitatively, the existing physical, chemical,
biological, and socioeconomic environment of the Rhode Island Region (RIR). The baseline
information presented in this section is used in Section 4.0, Environmental Consequences, to
evaluate the environmental impacts of the disposal alternatives presented in Section 2.0,
Alternatives.

The natural resources of the affected environment are described in relation to the zone of siting
feasibility (ZSF) (Figure 3-1), the vicinity of the two alternative disposal sites identified by the
screening process, and the area in which environmental impacts could occur. The
socioeconomic setting, however, extends beyond the ZSF; it encompasses areas within the states
of Rhode Island and southeastern Massachusetts that are likely to be economically affected by
the designation or lack of designation of a long-term ocean dredged material disposal site.

Figure 3-1. General Location of the RIR and the ZSF.
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Historical data collected from within the ZSF since the 1970s (Appendix A-1), as well as more
recent data collected in support of the Providence River and Harbor Maintenance Dredging
Project Environmental Impact Statement (EIS) (Corps, 2001a) and this Final EIS, are used to
describe the environmental setting of the RIR.

Sampling in support of this Final EIS was initially conducted on areas in and around the four
potential open-water disposal sites identified and evaluated in detail in the Providence River and
Harbor Maintenance Dredging Project EIS (Figure 3-2). These locations include:

Site 16 (Brenton Reef) — a former dredged material disposal site

Site 18 (Brenton-A)

Site 69A (Jamestown Bridge Reef)

Site 69B (Separation Zone Site) — selected dredged material disposal site for the
Providence River and Harbor Maintenance Dredging Project

Data collected at these four locations in 2001 and 2002, along with historical data, were utilized
in the RIR site screening process (Section 2.2.1) to identify potentially acceptable locations for
an ocean dredged material disposal site and are used in this section of the Final EIS to
characterize the general environmental setting of the RIR ZSF.

Additional sampling specific to the two alternative areas identified during the RIR site screening
process (Figure 3-2) were conducted in 2003. These data are used in this section to characterize
the environmental setting of the two alternative sites being evaluated in this Final EIS (Site E and

Site W).
3.1 LOCATION OF THE RIR [40 CFR SECTION 228.6(a)(1)]

The RIR is located on the inner continental shelf of the northwest Atlantic Ocean, adjacent to the
states of Rhode Island, Massachusetts, Connecticut, and New York (see Figure 3-1). The RIR is
the area that is likely to be economically affected by the designation or lack of designation of a
long-term dredged material ocean disposal site. The RIR extends from approximately Fairhaven
in southeastern Massachusetts westward to the Rhode Island-Connecticut state line.

The boundaries of the ZSF were determined based on an evaluation of the present and future
dredging needs in the RIR (Corps, 2002a), combined with a number of factors such as the
economics and logistics of dredged material transport (Corps, 2002b). The northern boundary of
the ZSF was set at the Territorial Sea Baseline Limits of Rhode Island (see Figure 3-1). The
western limit is based on the southerly projection of the state line between Rhode Island and
Connecticut and excludes the Long Island Sound region. Dredged material needs and disposal
locations for Long Island Sound are currently being evaluated and will be the subject of
forthcoming U.S. Environmental Protection Agency (EPA) and U.S. Army Corps of Engineers
(Corps) evaluations. The southern boundary is based on a travel distance of approximately

20 nautical miles (nmi) from the southernmost dredging location on Block Island. This distance
is considered feasible under the Marine Protection, Research, and Sanctuaries Act of 1972
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Island Sound is generally considered the body of water bounded by Narragansett Bay on the
north, Buzzards Bay and Vineyard Sound on the east, Block Island Sound on the west, and on
the south, by a line connecting Martha’s Vineyard to Block Island. While partly protected from
storm winds and waves from the east and west by Martha’s Vineyard and Block Island, it is
otherwise exposed to harsh weather in the northwest Atlantic Ocean from the south, and
represents largely an open continental shelf environment. Block Island Sound, on the other
hand, is relatively protected from storm forces by Block Island and the northeasternmost point of
Long Island (Orient Point). Block Island Sound is the water mass that provides the eastern
approach to Long Island Sound through the Race, a narrow strait that connects the two bodies of
water. It is bounded on the west by a chain of islands that stretches between Watch Hill, Rhode
Island, and Orient Point, Long Island, New York. While the Sound is protected from storm
waves by the presence of Block Island and Orient Point, it experiences strong tidal currents that
flow in and out of Long Island Sound.

General Bathymetry

The bathymetry (depth) of the ZSF is shown in Figure 2-1. Depths in the ZSF range to
approximately 200 feet (ft). The bottom topography in Rhode Island Sound has been shaped by
glacial action and is characterized by irregular and discontinuous ridges, knolls, and depressions.
Deep, linear depressions in the seafloor are found southeast and southwest of Block Island. A
discontinuous ridge trends southeast from Point Judith for about 6 nmi, then trends east and
northeast into an area of hummocky relief (Knebel ez al., 1982). This ridge is a deposit of
material left by a glacial ice sheet (i.e., morainal deposit) during the Pleistocene (McMaster,
1960). Similarly, a bathymetric ridge (high) is located between Block Island and Montauk Point,
New York. It was cut by a river channel that was submerged by rising sea level at the end of the
most recent glacial retreat.

Sedimentary Environments

Sedimentary environments in the ZSF have been inferred based on grain size analysis of surface
sediment samples and collection of geophysical data (Savard, 1966; Danbom, 1975; Knebel et
al., 1982). Knebel et al. (1982) identified four types of sedimentary environments in the area
south of Narragansett Bay and northeast of Block Island (Figure 3-3):

¢ Physical reworking of sediments is represented by tonal patches and lineations found as
broad areas of sand with scattered and intermingled deposits of gravel. Changes in
texture on this sand sheet environment indicated that the sand and gravel are continually
reworked and sorted by hydrodynamic forces. Additional areas where physical
reworking of the seafloor is found are located in the northeast part of Rhode Island Sound
and are characterized by bedrock with no evidence of sedimentary cover. These areas
represent either erosion or non-deposition of sediment environments.

e Sand, gravel, and boulders found on top of the glacial moraine that trends southeast from
Point Judith appeared to be lag deposits from marine erosion as sea level rose over the
moraine and winnowed away the finer-grained material.

o Featureless patterns indicating sediment accumulation (deposition) are scattered
throughout the Rhode Island Sound area.
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Source: Knebel et al., 1982
Figure 3-3. Sedimentary Environments in Rhode Island Sound.
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o The finest (siltiest) sediment material is found accumulated south of Narragansett Bay in
an apparent depositional area. This accumulation of silt appears to represent recent
deposition of fine-grained sediment transported out of the bay (McMaster, 1960).

Danbom (1975) mapped the grain size distribution in a portion of eastern Block Island Sound
based on seismic reflectivity. This area was primarily underlain by sand of various types, with
an overburden deposit of silt found northwest of Block Island. These sands appear to represent
reworked glacial and post-glacial deposits (Savard, 1966). A more detailed discussion of the
sedimentary environment is contained in Section 3.5, Sediment Characteristics.

Modeling results of the erosional/depositional processes at work in the ZSF (described in detail
in Section 3.6) suggest that portions of Rhode Island Sound, which are exposed to wind and
waves from the south, may not be depositional at depths less than 120 ft (36 meters [m]). This is
generally consistent with grain size characterization and analysis.

3.2.2 SiteE

A geophysical survey was performed between July 16 and July 30, 2003 to provide a broad-scale
physical characterization of two areas of the seafloor, including Sites E and W and areas
contiguous to those sites (Corps, 2003a). The survey included side-scan sonar recordings of the
seafloor. Sediment grab samples were used to identify bottom sediment grain size and type and
to assist in mapping areas of different sediment composition evident in the side-scan results.
Bathymetric measurements were also made to develop accurate bathymetric maps of the areas.

Bathymetry

Site E is located 15 nmi west-southwest of Gay Head, in the northeast portion of the large
topographic depression that runs northeast to southwest through the central portion of Rhode
Island Sound (Figure 2-8). The bathymetry of Site E depicts a gradually sloping bottom from
northwest toward the southeast falling away from a bathymetric ridge present just to the north of
the site. Water depths in Site E range from 125 ft along the northwest boundary to 133 ft along
the southeast. The bottom slope is fairly uniform except for a very slight depression (just 3 to

4 ft) present in the north-central portion of the site.

Sedimentary Environments

A mosaic of side-scan sonar images from the July 2003 survey is presented in Figure 3-4. Those
images, along with grab samples from the area (Figure 3-5), determined that Site E is made up of
somewhat variable sediment types, including coarse sand, medium sand, and silty-sand with
occasional pebbles, gravel, rocks, and shells. The data also indicate that small-scale patchiness
in sediment type is present in some areas. For instance, two grab samples taken in close
proximity to each other just outside the northeast boundary of the site had very different
sediment types (till and gravel in one and medium sand in the other). Grab samples collected in
the south-central part of the site found silty-sand, suggesting a low-energy near-bottom regime
(i.e., little erosion). Sand waves, which generally indicate a very energetic bottom environment,
were observed in the side-scan images in the eastern corner of Site E. The side-scan images
suggest that the finest bottom material is to be found in the south-central and southwest portions
of the site, but no grab samples were collected in that area. In general, most of the shallower
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Source: Corps, 2003a
Figure 3-5. Photos of Selected Grab Sample Stations Shown Over Side-Scan Sonar Mosaic Image of Area E.
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Figure 3-6. Side-Scan Sonar Mosaic Image of Site W Developed from Side-Scan Data
Acquired in July 2003.

3.3 METEOROLOGY [40 CFR SECTION 228.6(a)(6)]

The atmosphere and ocean are a coupled system. Winds affect the circulation of the ocean and
create waves; air temperature and cloud cover (solar radiation) control ocean warming and
cooling; and rainfall (runoff) influences ocean salinity. Therefore, to better understand the
marine processes at work, the climatology of the area, drawn from long-term historical records,
is examined in this section.'

3.3.1 Rhode Island Region ZSF

Meteorological data and climatological statistics used to evaluate conditions in Rhode Island
Sound and Block Island Sound were obtained from the National Oceanic and Atmospheric

! Climatology is the branch of meteorology that deals with long-term statistics (mean values, variances, probabilities
of extreme values, etc.) of meteorological parameters in a given region.
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Administration (NOAA) (http://www.ndbc.noaa.gov/). The coastal maritime weather of the ZSF
(including Rhode Island Sound and Block Island Sound) is characterized by a climate of
extremes, typical of the northeast United States, with hot summers and cold, stormy winters.
Offshore air temperatures measured at the Buzzards Bay Tower, located on the eastern edge of
the ZSF, range from a mean monthly low temperature that occurs in February of 32.5 °F (degrees
Fahrenheit) to a high that occurs in August of 68.5 °F (Figure 3-7); extremes in hourly
measurements range from 3 °F to 84 °F. Weather conditions are more variable in the fall and
winter, when storms produce strong winds and high seas. Weather conditions are generally more
stable (less energetic) in the summer. In summer, the predominant winds blow from the
southwest and are usually light, except for tropical storms and hurricanes, which normally occur
in this area in August, September, or October. In winter, the predominant winds blow from the
northwest.

8

- maximum ) -
® mean : T
- minimum

3
i

~
o
O

@ 67.

T $613 9 635

3

@ 554
@ 473

¢ 442 1
1 ¢ 370 + 1l 37.0#
| 1349325 1

@ 52.7

g

Air Temperature (°F)
8 &

N
o
t

-
(=]
t

i 1
0 t t t t + t t t t t t
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Source: National Data Buoy Center (NDBC).
Note: Air temperature measured at 80 ft above mean sea level.

Figure 3-7. Mean Monthly Air Temperature (1985-1993) Recorded at the Buzzards Bay
Tower C-MAN Station (41.40 °N 71.03 °W).

The area experiences considerable rainfall throughout the year, with a slight seasonal low in the
summer months (Figure 3-8). Mean monthly precipitation ranges from about 2.6 to 4 inches.

A relatively small quantity of freshwater runoff enters Narragansett Bay and Rhode Island Sound
from the Providence and Taunton Rivers. However, freshwater runoff from the Connecticut
(average discharge of 20,000 cubsic feet per second [ft*/s]), Thames, and Housatonic Rivers (total
average discharge of 4,600 ft’/s) makes its way, after considerable mixing in Long Island Sound,
through the Race into Block Island Sound. This significant influx of freshwater affects the
salinity distribution of Block Island Sound and the ZSF. It is estimated that the total annual
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Source: National Weather Service.

Figure 3-8. Mean Monthly Precipitation (1971-2000) Measured at Block Island.

discharge of these three Connecticut rivers displaces a volume of water equal to one-third to -
one-half of the total volume of Block Island Sound. This freshwater is quickly dispersed by
active circulation in Block Island Sound and into the adjacent water of Rhode Island Sound and
the Atlantic Ocean. The discharge of the rivers that enter Long Island Sound peaks in April,
with a mean flow of 45,000 ft*/s, and is lowest in July, when the mean flow is only 7,100 ft*/s.
The mean monthly flow of these rivers may vary by as much as a factor of 10 from year to year.

Winds in the area of Rhode Island Sound and Block Island Sound are an important influence on
the ZSF environment, as they generate surface waves and affect water column mixing and
currents in the area. Storm winds in the fall help to break down the water column thermal
stratification, which results from solar heating during the summer months. Wind observations
from the National Weather Service show that during winter, wind speeds average 16 to 17 knots
over the open water. This can be twice that found on the coast. Seas of 10 ft or greater are likely
5 percent to 7 percent of the time in winter. While the average current flow over the continental
shelf is toward the southwest at about 5 centimeters per second (cm/s) near the surface (Mayer et
al., 1979), energetic wind-driven transient current events, primarily during the winter months,
significantly alter the mean flow pattern. Beardsley and Boicourt (1981) showed that

fluctuations in current speed and direction caused by storm systems were occasionally sustained
at a range of 40 to S0cm/s.

The National Data Buoy Center (NDBC) of NOAA maintains offshore meteorological buoys and
platforms throughout coastal and offshore waters of the United States. The NDBC has
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maintained a meteorology and wave station on the Buzzards Bay Tower (outside the entrance to
Buzzards Bay at 41.40°N 71.03°W) since 1985. Data from the station are presented for the
period July 1985 through December 1993 in Figure 3-9 and Figure 3-10. Figure 3-9 shows the
frequency with which winds greater than 30 knots occur during each month of the year. Wind
speeds exceed 30 knots more than S percent of the time in November, December, and January,
with the peak in December when wind speeds exceed 30 knots 7 percent of the time. Figure
3-10 presents four charts, one for each season of the year, in which the frequency of occurrence
of winds at different speeds and directions are presented. Figure 3-10 shows that during winter,
the predominant wind direction was out of the northwest, but winds from the southwest and
northeast (nor'easters) were not uncommon. During March and April, winds are more southerly
but can still be strong; March winds exceed 30 knots over 4 percent of the time. The summer
chart in Figure 3-10 shows that during these months, winds from the southwest predominate.
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Figure 3-9. Wind Speed Exceeding 30 Knots (1985-1993) Recorded at the Buzzards Bay
Tower C-MAN Station (41.40 °N 71.03 °W).
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Figure 3-10. Average Wind Speed and Direction (by Season) Recorded at the Buzzards Bay

Tower C-MAN Station (41.40 °N 71.03 °W).

3.3.2 Alternative Sites

No studies have been conducted at either alternative site to directly measure meteorological
conditions; however, the climatology for the region is well understood. The marine climate
acruss the open waters of the ZSF, and indeed across the open water of all of southern New
England, is very consistent, as seen in the long-term record of meteorological parameters for the
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region. Given the broad-scale nature of storms, winds, rainfall, and cloud cover, the climatology
at each alternative site can be assumed to be similar to that described for the open waters of the
ZSF in general.

3.4 PHYSICAL OCEANOGRAPHY [40 CFR SECTIONS 228.6(a)(1) AND 228.6(a)(6)]

The transport, dispersion, and eventual fate of dredged material released into the marine
environment depend upon both the physical characteristics of the dredged material and the
structure and dynamics of the water column. Ocean currents directly affect the transport and
dispersion of dredged material. Waves can resuspend bottom sediments and dredged material
particles previously deposited on the seafloor. The density structure of the receiving water,
relative to the density of the released dredged material, influences the length of time the dredged
material remains in the water column. This section describes the physical oceanography
(currents, waves, and density structure) of the ZSF and of Sites E and W.

Both alternative sites are located in the larger water mass of Rhode Island Sound and are
influenced by the circulation patterns of the Atlantic Ocean. The characteristics of most of the
physical oceanography parameters at each site are common to most of the area within the Sound.
Some site-specific information was collected to verify this assumption. Both the general
characterization and the site-specific information are presented in the following discussions.

3.4.1 Rhode Island Region ZSF

Currents

Circulation in Rhode Island and Block Island Sounds results largely from three influences, each
working on different time scales: (1) a weak mean current, or mean drift, to the southwest (on the
order of 5 cm/s); (2) occasional storm wind-driven currents, stronger in winter, with a time scale
of 5 to 7 days (on the order of 25 cm/s); and (3) 12-hour tidal currents (ranging from 20 cm/s to
250 cm/s, depending on the location). These different processes produce the regional current
structure, which is dominated by tides close to shore, but with more variability over a wider area
of the RIR due to storm-driven currents in the deeper open waters.

Tides are dominated by a semi-diurnal lunar tidal component. Maximum surface tidal current
speeds approach 250 cm/s in the Race, a narrow channel on the eastern end of Long Island
Sound that connects Long Island Sound to Block Island Sound (Figure 3-11). These are some of
the highest tidal currents on the east coast of the United States. The tidal flows decrease
eastward from the Race, to about 125 cm/s in Block Island Channel and about 70 cm/s between
Block Island and Point Judith. Ebb currents are generally stronger than flood currents in Block
Island Sound. Maximum surface tidal currents throughout Rhode Island Sound are less than

50 cm/s, usually ranging between 25 and 50 cm/s.

Block Island Sound: Block Island Sound exhibits characteristics of an estuary, with weak mean
eastward surface flow and weak westward bottom flow. This reflects the drift of surface waters
out of and bottom water into Long Island Sound, which is driven by the estuarine circulation of
Long Island Sound. The residual eastward flow at the surface, out of Long Island Sound into



of continental shelf water contributes to the exchange of water between Block Island Sound and

the Atlantic Ocean. However, the mean southwest drift is small relative to the tidal current at !
any given point. The magnitude of currents generated by wind events occasionally rivals the
tidal current in the central portion of Block Island Sound and again contributes to the net flow of 1

water into and out of Block Island Sound.
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Rhode Island Sound: Rhode Island Sound and the outer portion of the ZSF experience much
weaker tidal currents than Block Island Sound, with surface currents generally between 25 and
50 cm/s. The long-term mean (or net) southwest drift can also be seen here.

Superimposed on the regular ebb and flood motions of the tides and the weak southwest mean
drift are fluctuations in current speed and direction caused by storm events. Wind-driven flows
can be most important to the sediment transport climate, as the majority of sediment transport
occurs during storms when wind stress is highest and wave heights are their largest. Beardsley
and Boicourt (1981) documented that the mean southwestward circulation on the continental
shelf throughout the New York Bight is dramatically altered by weather events. Southwestward
flow is greatly enhanced by winter storms, when winds are from the northeast. They reported
(1981) that strong winter storms could produce along-coast currents from 20 to 50 cm/s in the
mid-shelf region. This is consistent with short-term current measurements made at three stations
in Rhode Island Sound in September 1999 during Hurricane Floyd. Non-tidal current velocities
recorded at Site 69A reached 20 to 30 cm/s during the passage of the hurricane, with surface
currents directed onshore and bottom currents directed offshore (Figure 3-12). Hurricane
Floyd’s winds were strong but of short duration. Longer wind stress events, such as nor’easters,
tend to generate even stronger flows.

Site 69A Low Pass Filtered Current Speed & Direction at -18 ft

1 10 cmvsec, North

1 i 4 I 1 J

Site 69A Low Pass Filtered Current Speed & Direction at -57.3 ft

Site 69A Low Pass Filtered Current Speed & Direction at -103.2 ft

R A
N i A
W

0905 010 o915 0920 0ar25 0930 10006
Source: Corps, 2001b.

Figure 3-12. Current Speed and Direction (Tide Removed) Recorded at Site 69A in Rhode
Island Sound (September 1999).
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Temperature stratification of the water column varies seasonally in Block Island Sound, Rhode
Island Sound, and the waters of the inner continental shelf of the ZSF. The warming of the area
surface waters begins in April; by June, strong thermal stratification develops. Summer sea
surface temperatures throughout the ZSF are typically 18 °C (degrees Celsius) to 20 °C, while
temperatures remain at 5 °C to 8 °C below a strong thermocline typically found at approximately
25 m (Williams, 1969) in the late summer. In August or 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. In winter,
temperature and salinity gradients are horizontal, and temperature and salinity increase with
distance offshore. The boundary effects of the Gulf Stream become apparent about 80 nmi
southeast of Block Island, and warm core rings shed by the Gulf Stream have been observed over
the inner continental shelf south of the ZSF. The hydrographic structure (temperature, salinity,
and density) of the waters of the ZSF is discussed in further detail in Section 3.7.1.

Wave Climate

The ZSF is subject to waves that are generated by both local winds and by distant storms that
propagate into the area. In winter, average wind speeds in the ZSF of 16 to 17 knots are
common, and gales (> 34 knots) occur up to 5 percent of the time. Waves that result from winds
over the region depend on both wind speed and direction, since the fetch (the continuous area of
water surface over which the wind blows to generate waves) is limited to the north. The
frequency of occurrences of certain wave heights and periods (measured by the NDBC at the
meteorological station on the Buzzards Bay Tower during the period 1990 to 1992) are presented
in Figure 3-13. A long-term record of waves in the region is not available; however, the
available data are consistent with a 10-year wave model hindcast presented in Section 3.4.3. The
1990-1992 data showed that the average monthly wave heights are lower during January and
February, when winds are strong but predominantly out of the northwest, than during the early
spring, when predominant winds are weaker but southerly. The most common occurrence of
high waves was in March and November-December, when wave heights exceeded 6.5 ft more
than 10 percent of the time. Wave heights exceeded 10 ft more than 5 percent of the time in
March. Long period swells (wave periods that exceeded 11 seconds [sec]) result from either
severe local storms or storms offshore in the North Atlantic Ocean and occur most often in the
spring and fall. Waves that exceeded 10-ft heights and 11-sec periods occur 5 percent of the
time in March and 1 percent to 2 percent of the time in November-December and represent the
severe wave climate capable of substantial reworking of sediments on the seafloor.

342 SiteE

Currents

No long-term current measurements are available from within Site E or from the immediate
vicinity of Site E. However, Site E is located in the open waters of the ZSF, where the factors
that drive water column currents, including the tide, winds, storms, and water column
stratification, are generally consistent across the ZSF. Because of the influences of Long Island
Sound and Buzzards Bay/Vineyard Sound, the direction and velocity of the tidal currents varies
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Note: The left two charts represent frequency of occurrence of significant wave heights (percent of all waves that
exceed 6.5- and 10-ft heights). The right two charts represent frequency of occurrence of the dominant wave period
(percent of all wave periods that exceed 10 and 11 sec) during each month of the year.

Figure 3-13. Significant Wave Height and Dominant Wave Period (1990 to 1992) Recorded
at the Buzzards Bay Tower C-MAN Station (41.40 °N 71.03 °W).

somewhat throughout the ZSF. In the area of Site E, however, those influences are minimal. A
short-term current meter deployed at a location several miles east of Site E in the spring of 1995
(Paul, 2003) provides some verification. The information from that deployment is limited but
shows that tidal currents are between 10 to 20 cm/s and are directed north or northeast and south
or southwest. Currents observed during the 45-day deployment period reached approximately
45 cm/s but appear to exceed 25 cm/s less than 10 percent of the time, which is consistent with
previously described tidal current observations for the ZSF in general.

Density Structure

There have not been any studies of temperature, salinity, and density in Site E. In the open
waters of the ZSF, the primary factors controlling water column structure (i.e., solar heating,
surface cooling, water column mixing, and freshwater inflow) are relatively constant. Thus, the
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density structure at Site E, including its seasonal variation, is assumed to be similar to that
described for the open waters of the ZSF in general.

Wave Climate

No wave measurements are available at or near Site E. The site can be expected to experience a
wave climate similar to that described previously for the ZSF in general; however, the fetch
varies somewhat throughout the open waters of the ZSF, which will result in some variation in
wave climatology from the general area. The exposure of Site E to winds and waves from the
east-southeast is partly blocked by the presence of Martha's Vineyard. (The fetch from the north
is of little interest because the primary concern is for large ocean swells and storm-generated
waves that can propagate into the area only from the south). To determine the effect of fetch at
Site E, the results of the 10-year wave model hindcast presented in Section 3.6.1 were examined
(Corps, 2004b). Table 3-1 presents model-predicted wave heights and periods at Site E for
storms occurring at different frequencies (predictions are based on climatology data). A storm
with a 5-percent frequency of occurrence can be expected to occur in the ZSF several times a
year, while a storm with a 0.2-percent frequency of occurrence can be expected to occur only
once in several years. These wave heights are consistent with observations measured by the
NDBC at the meteorological station on the Buzzards Bay Tower during the period 1990 to 1992
and presented in Section 3.4.1.

Table 3-1. Model-Predicted Wave Heights and Periods at Site E for Storms of Various
Frequencies of Occurrence.

Storm Frequency | Estimated Wave | Estimated Wave
of Occurrence Height (ft) Period (sec)
5% 9.5 7.2
1% 14.4 9.4
0.2 % 16.1 14.2

343 Site W

Currents

As with Site E, no long-term current measurements are available from within Site W or from the
immediate vicinity of Site W to confirm whether general ZSF conditions apply to that site.
Short-term measurements, however, are available from a 1-month current meter deployment in
the fall of 1999 (Corps, 2001b) and a 2-month deployment in April and May 2002 (Corps,
2003b). They provide illustrative evidence of the local conditions.

Tidal ellipse parameters for surface, middle, and near-bottom currents based on 2002 data
(Corps, 2003b; Corps, 2004c) are presented in Table 3-2. The dominant tidal flow directions
were northwest and southeast, with the narrow ellipses indicating little flow perpendicular to the
dominant flow direction (Figure 3-14). The amplitude of the tidal velocity decreased with depth.
The surface tidal amplitude was 12.7 cm/s, and the near-bottom amplitude was approximately

7 cm/s. Based on these data, only 40 to 50 percent of the current variance during the 2-month
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late spring deployment period is due to the tide. The remainder of the current is caused primarily
by wind stress and atmospheric pressure gradients associated with storms.

Table 3-2. Tidal Ellipse Parameters for Near-bottom, Middle, and Surface Currents
Measured in Site W, April-May 2002.

T1°23'0"W H220'W

41°14'0"N
1
]
41°14'0"N

Site W

®  Surface EBipsoid
®  Bottom Ellipsoid
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Note: Ellipses are scaled to show tidal excursion (ft).

Figure 3-14. Surface and Bottom Tidal Ellipses at Site W.

Near-surface currents recorded at Site W reached as high as 60 cm/s flowing toward the south.
Currents this strong, however, were infrequent, with current speeds greater than 30 cm/s
occurring only 4 percent of the time near-surface. Surface currents tend to be much stronger due
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to the effect of the wind stress on the surface layer. Throughout the rest of the water column, the
maximum currents were 30 cm/s and occurred only very infrequently. Velocities of 30 cm/s
occurred 2 percent of the time at mid-depth and 0.2 percent of the time near-bottom. Currents
greater than 20 cm/s occurred approximately 10 percent of the time at mid-depth and 0.6 percent
of the time near-bottom. The mean current for the station was 2.5 cm/s directed toward the west
at mid-depth and 1.6 cm/s toward the west at the near-bottom depth.

Density Structure

There have not been any comprehensive long-term studies examining the density structure at
Site W. Some profile measurements of water column temperature, salinity, and density were
made in the fall of 1999 (Corps, 2000a) and in the spring of 2002 (Corps, 2003b). These
observations were consistent with the general description of the water column stratification and
density structure in the open waters of the ZSF presented in Section 3.4.1.

Wave Climate

No wave measurements are available at or near Site W. As with Site E, Site W is expected to
experience a wave climate similar to that of the ZSF in general; however, because of differences
in fetch, wave climatology may be expected to vary somewhat from the general area. The
exposure of Site W to winds and waves from the southwest is partly blocked by the presence of
Block Island, including the island itself and its surrounding bathymetry. Table 3-3 presents
predicted wave heights and periods from the 10-year wave model hindcast at Site W for storms
of different frequencies or occurrence (Corps, 2004b). These results indicate that Site W
experiences wave heights that are slightly lower and wave periods that are slightly shorter than
those experienced at Site E under the same storm conditions.

Table 3-3. Model-Predicted Wave Heights and Periods at Site W for Storms of Various
Frequencies of Occurrence.

Storm Frequency | Estimated Wave | Estimated Wave
of Occurrence Height (ft) Period (sec)
5% 8.9 6.6
1% 13.4 9.0
0.2 % 15.1 14.2

3.5 SEDIMENT CHARACTERISTICS [40 CFR SECTION 228.6(a)(4)]

This section describes the sediment characteristics (grain size, total organic carbon [TOC],
metals, and organic contaminants) of the ZSF and of Sites E and W. The sediment
characteristics and quality can influence the type of habitats available to benthic and fish
communities.

3.5.1 Rhode Island Region ZSF

There are relatively few studies of the sediment characteristics within the ZSF. Studies in the
1960s focused on characterizing bottom sediment types of the Narragansett Bay system and
Rhode Island Sound (McMaster, 1960). McMaster's study assessed the gravel, sand, silt, and
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clay content of over 900 samples collected from bays and adjacent inner shelf to a distance of
around 17 nmi off the Rhode Island coast. Savard (1966) also conducted an extensive
investigation of the distribution of sediments in Block Island Sound. A study conducted by
Boehm and Quinn (1978) evaluated the hydrocarbon contents of surface sediments, sediment
cores, and ocean quahogs (Arctica islandica) from Rhode Island Sound. Studies conducted in
1978 at Site 16 as part of the Disposal Area Monitoring System (DAMOS) project evaluated
physical, chemical, and biological parameters of surface sediments (Corps, 1979). More
recently, studies were completed at Sites 18, 69A, and 69B in support of the proposed dredging
of the Providence River (Corps, 2000b). These three sites were sampled to support the
description of the physical, chemical, and biological characteristics of the sediments of the RIR
(Corps, 2003c). Summary data tables with contaminant concentrations measured during these
studies are included in Appendix A-2.

Grain Size Distribution

Grain size and TOC are important physical characteristics of the sediment environment. These
factors play a large role in the suitability of the sediment as habitat for benthic organisms and
may control the fate, transport, and uptake of contaminants. Sediment grain size at a site is
influenced by the hydrodynamic environment (coarser-grained sediments deposit usually in
higher-energy environments and finer-grained sediments deposit in lower-energy environments).
The various sedimentary environments in the ZSF, as determined by McMaster (1960) and
Savard (1966), are shown in Figure 3-15.

McMaster (1960) characterized the surface sediments of Rhode Island Sound as predominantly
clean, well-sorted sand with some areas of fine and coarse sediments. One of the largest areas of
fine sediments was found near the Rhode Island mainland, just south of the entrance to the West
Passage of Narragansett Bay, and just east of Point Judith (Figure 3-15). Within this area of fine
sediment was a core of sandy silt with less than 10 percent clay (McMaster, 1960). Areas of silty
sand stretched west toward Block Island and east toward Site 16, the historic dredged material
disposal site (Figure 3-15). Isolated patches of coarse (e.g., gravel) and fine (e.g., silt/clay)
sediments were also found throughout Rhode Island Sound; however, many of these patches
were characterized based on single samples. McMaster’s study also showed that clay-sized
particles generally did not accumulate in the study area. This finding suggested that either the
sources of sediment deposits lacked clay or that relic deposits were stripped of the fine-grained
material during sea level rise over the past 10,000 years and transported farther out to sea.

According to McMaster (1960), there is some relationship between bottom configuration and
sediment type of Rhode Island Sound, with finer material (silt and clay) accumulated in the
deeper areas and coarser material associated with pronounced elevations. For example, the large
area of fine sediment found just east of Point Judith was located along the base of the relatively
steep transition from approximately 60 ft into a broad area with a depth of approximately 120 ft.
The tongue of silty sand that stretched southwest toward Block Island also followed the base of
this curving slope. A submarine trunk valley, found in the south-central region of Rhode Island
Sound, contains several patches of fine sediment. The largest was found at the junction of the
valleys leading toward Buzzards Bay to the north and Vineyard Sound to the northeast.
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Localized areas that contained greater than 10 percent gravel were associated with the two
discontinuous ridges that trended across Rhode Island Sound from west to east.

Source: McMaster, 1960; U. S. Department of Navy, 1973.
Figure 3-15. Representation of Sediment Types in the ZSF.

The sediment characteristics of Block Island Sound were studied extensively (Savard, 1966 and
U.S. Department of Navy, 1973). These studies revealed that areas of gravel and sandy gravel
covered the shallow ridge between Montauk Point and Block Island, the ridge and shallow areas
north of Block Island, and the deep channels in the western region of Block Island Sound (Figure
3-15). Overall, the predominant sediment type was sand, which covered the bottom in the
western and central areas and the floor of the channel that passes through the ridge between
Montauk Point and Block Island (Figure 3-15).

More recently, surface sediment samples were collected for grain size analysis at Sites 16, 18,
69A, and 69B (Corps, 2003c) (Figure 3-16). Surface sediments were also collected for grain size
analysis at Site 18, Site 69B, and additional locations (Area #1, Area #2 and Area #3) to
characterize benthic habitats in support of fish population studies (Corps, 2003d) (Figure 3-16).
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Figure 3-16. Grain Size Sampling Locations in the ZSF During 2001, and 2002/2003.

Results from these more recent studies support previous findings that the surface sediments of
the ZSF were characterized as predominantly sandy with some areas of silty sand, sandy silt,
sandy gravel, and gravel (McMaster, 1960). These data (Corps, 2003c; Corps, 2003d) showed
that fine sand was the dominant fraction of the majority of sediments, and in most cases, medium
sand, silt, or both made up the bulk of the remaining sediment. Figure 3-17 shows fine and
medium sand comprise greater than 90 percent of the material among all samples collected in
Area #1.

While most sediments consisted primarily of sand, sediment composition varied widely within
small areas of the ZSF. For example, Figure 3-18 shows the composition of 26 sediment
samples collected in and around Site 18. Although most samples consisted of greater than

80 percent fine and medium sand, the ratio of fine to medium sand changed dramatically. In
addition, a limited number of samples from Site 18 contained upwards of 20 percent clay or
coarse sand. Sediments with the highest amounts of fine-grained particles (i.e., silt and clay)
were generally found near Site 18, just north of Site 16, and at locations in the bathymetric
trough straddled by Area #2.
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Figure 3-17. Grain Size Composition of Surface Sediments from Area #1.
Grain Size Composition - Site 18

100% -

I I I I I I I I I I o

80% 1 | B B ] B II I [ Sitt
8 | ,

60% - —H H — H — H H — H Fine
E 0 sand
°
€
8 40% HHHHHHHHHHHE L H H H H H H Il Medium
é Sand
o

Coarse

20% MHHHHHHHHHH HHH HHH HH H I sang

0% I [ Gravel

o lJ.l_lJ
5333383833538388;38¢g s s8383%
| Individual Sampling Location within Site 18

Figure 3-18. Grain Size Composition in Individual Sediment Samples Collected at Site 18.



\

RN FEEEEEE D

Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 3-27

Sediment characteristics of Site 16, an area previously impacted by dredged material disposal
activities, were distinct from the surrounding sediments of the ZSF. Between December 1967
and September 1970, the Providence River was dredged, and material made up of fine, muddy
sediments with relatively high organic content (approximately 4 percent TOC) was disposed of
at Site 16 (Boehm and Quinn, 1978). This was followed by disposal of coarser material,
consisting of silt and sand, which had a much lower organic carbon content (approximately

1 percent). Current surface sediments at the site are characterized as predominantly sand.

Organic Carbon Content

TOC is a measure of the total amount of organic material in sediment. The organic carbon
content of sediment can significantly influence the chemical and biological conditions of
sediment (Steimle, 1990a; Steimle and Ogden, 1982). Although the distribution of organic
carbon in the sediment is strongly affected by grain size distribution, it is the organic content of
the sediments that often influences chemical concentrations in the sediments (Hunt, 1979; Dayal
etal., 1981; 1983; Krom et al., 1985; Steimle and Ogden, 1982; Corps, 1996) as well as the
biological community (Wilber and Will, 1994; Corps, 1996).

Generally, increasing levels of organic carbon in marine sediments correlate with increasing
amounts of fine-grained sediment fractions (i.e., silt and clay). Historical and current study
results from within the ZSF are consistent with this generalization, as demonstrated by the strong
correlation between fine-grained sediment and organic carbon content in surface sediments of the
ZSF (Figure 3-19). Historical and recent data showed that sediments from the ZSF generally
contained relatively low organic carbon content (<1 percent TOC). The majority of sediments
(approximately 70 percent) sampled in the ZSF contained less than 0.5 percent TOC, with
slightly higher organic carbon content in the fine-grained sediments from within, and to the
northeast, of Site 16 (Corps, 2003c). Typically, such information suggests that contaminant
levels in such sediments would be low.

Metals Distribution

Few historical studies have been conducted to evaluate metals distributions in sediments from
the ZSF. More historical data are available for the sediments of Narragansett Bay, which opens
into Rhode Island Sound. While Narragansett Bay is not in the ZSF, these historic studies of the
Bay have shown that metals concentrations decreased with distance from the head to the mouth
of the Bay (Bricker, 1990; King et al., 1995). This gradient suggests that the sediments of Rhode
Island Sound may not be impacted by the historic metals contamination of Narragansett Bay,
which has been confirmed by recent measurements (Corps, 2003c).

Of the studies conducted in the last 25 years to assess metals concentrations in sediments of the
ZSF (Corps, 1979), the most comprehensive assessment was performed in support of the
proposed dredging of the Providence River (Corps, 2000b). Results from the study showed that
surface (top 1 inch) and subsurface (top 3 ft) sediments contained low levels of metals that are
generally representative of concentrations found in relatively unimpacted marine and estuarine
sediments (Brown and Neff, 1993). Moreover, subsurface sediment metal concentrations were
two-fold lower compared to surface sediments (Corps, 2000b).
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Figure 3-19. Correlation between Percent Fines (Sum of Silt and Clay) and TOC Content

of ZSF Surface Sediments.

A study conducted under the DAMOS program in 1978 (Corps, 1979) found that surface
sediments from Site 16, located in the northern part of the ZSF, contained relatively low
concentrations of metals, which were also comparable to concentrations measured in relatively

unimpacted marine and estuarine sediments.

Low concentrations of metals were measured in surface sediments (top 1 inch) collected from
several locations throughout the ZSF (Corps, 2003c). Concentrations of most metals were
strongly correlated with TOC content and percent fines, with correlations against organic carbon
being slightly higher overall (see Figure 3-20 for representative metals mercury [Hg] and
cadmium [Cd]). This phenomenon is generally found in sediments worldwide. Within the ZSF,
sediments in, and to the northeast of, Site 16, the historic disposal site, contained a higher range
of both metals and TOC than the other locations sampled within the ZSF (Figure 3-20).
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The concentrations of metals in surface sediments (top 1 inch) from the ZSF were also low when
compared to concentrations measured in nearby coastal waters in the northeast United States.
Figure 3-21 shows mean concentrations of representative metals (Hg and lead [Pb]) in surface
sediment collected from Long Island Sound (Corps, 2003¢), New York Bight (EPA, 1997), Cape
Cod (Maciolek et al., 2003), Boston Harbor (Battelle, 2003), and Massachusetts Bay (Maciolek
et al., 2003) compared to the mean concentrations from 2001 samples collected from the ZSF
and reference values for relatively unimpacted marine and estuarine sediments (Brown and Neff,
1993). ZSF mean metals concentrations are lower

than most other coastal regions in the northeast
United States (Long Island Sound, Cape Cod, New
York Bight) and much lower than urban sediments
(Boston Harbor). Mean concentrations of
representative metals (Hg and Pb) in ZSF
sediments were also well below their respective
sediment quality benchmarks (Long et al., 1995)
(Figure 3-21). The low metals concentrations
found in sediments of the ZSF were likely related
to the relatively sandy, low organic nature of the
sediments, and indicate little if any influence from

Sediment Quality Benchmarks

Sediment quality benchmarks were derived
by NOAA (Long et al., 1995) and are
intended to represent concentrations at which
no effects or minor effects to benthic
organisms are anticipated, as follows:

Effects Range Low (ER-L): concentrations
at which no harmful effects to benthic
organisms are anticipated.

Effects Range Median (ER-M):
concentrations at which minor effects are
anticipated.

sources of contamination identified in Narragansett
Bay and other nearby urban harbors.

Organic Contaminants

Unlike metals, most organic contaminants, such as polychlorinated biphenyls (PCBs), are not
naturally occurring in the environment. As a result, any contamination found is derived directly
or indirectly from human activities (Brown and Neff, 1993). Polycyclic aromatic hydrocarbons
(PAHs ) are an exception to this generalization, as this class of organic contaminants may be
derived from natural sources such as fires, fossil fuels, and direct biosynthesis by microbes and
plants (Neff, 1979).

Organics data collected in surface sediments (top 1 inch) from several locations in and around
Sites 16, 18, 69A, and 69B within the ZSF (Corps, 2003c) found generally low concentrations of
organic contaminants that correlated well with sediment grain size and TOC content. For
example, slightly higher concentrations of organic contaminants were measured in sediments
from the ZSF located near the historic disposal site (Site 16), an area with fine-grained sediments
(>50 percent silt + clay) and higher organic carbon content (>0.5 percent).
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Note: Error bars represent standard deviation around the mean, where available.

Figure 3-21. Mean Concentrations of Representative Metals, Mercury (Top) and Lead
(Bottom), in Surface Sediments from Coastal Waters of the Northeast United States.
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Concentrations of organic contaminants in surface sediments from the ZSF were also relatively
low compared to concentrations measured in other nearby coastal waters (Figure 3-22), and were
similar to available reference values for relatively unimpacted marine and estuarine sediments
(Brown and Neff, 1993; Peven, personal communication, 20042). Mean concentrations of
representative organic contaminants in sediments from the ZSF were also well below Effects
Range-Low (ER-L) and Effects Range-Median (ER-M) sediment quality benchmarks (Figure
3-22).

Sediment Quality

Organic contaminant and metals data from both historical and recent studies demonstrate that
sediments from the ZSF are relatively uncontaminated. Concentrations of organic contaminants
and metals were also relatively low compared to nearby coastal waters, and well below
concentrations found in impacted urban areas. Furthermore, concentrations of organic
contaminants and most metals in sediments from the ZSF are strongly correlated with sediment
properties (i.e., percent fines, TOC content), suggesting that the primary factors influencing
chemical concentrations are grain size and TOC content. Last, and perhaps most important,
organic contaminants and metals concentrations in sediments from the ZSF are, for the most part,
well below applicable sediment quality benchmarks (i.e., NOAA ER-L and ER-M values) for
marine sediments (Corps, 2003c). This indicates that the sediment habitats in the ZSF are of
reasonably good quality.

35.2 SiteE

Sediment profile imaging (SPI) studies conducted in 2003 at Site E and areas adjacent to the site
showed that sediment type was highly variable (Corps, 2003f). Surface sediments (top 1 inch)
located within Site E consisted largely of medium sands interspersed with patches of coarse and
fine sands (Figure 3-23). The surrounding areas included coarser sediments to the east and finer
sediments in the deeper waters southeast of Site E (Figure 3-23). Side-scan sonar results (see
Section 3.2.2) coupled with the SPI data showed that areas with hard bottoms generally
contained coarser sediments, whereas areas with soft bottoms generally contained finer
sediments.

? The concentration of total PCB in five replicates of a sandy, clean reference sediment from Long Island, New
York, ranged from 0.6 to 3.7 ppm dry. For the purposes of this evaluation, the mean value of the replicate analyses
(mean * stdev = 2.56 + 1.34 ppm dry weight) was selected as the reference value for comparison to the ZSF.
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Figure 3-22. Mean Concentrations of Representative Organic Contaminants, Total PAH
(Top) and Total PCB (Bottom) in Surface Sediments from Coastal Waters of the Northeast

United States.
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Figure 3-23. SPI Estimates of Grain Size Type for Surface Sediments from Site E and
Areas Adjacent to Site E.

The physical and chemical characteristics of surface sediments (top 1 inch) in Site E correlated
well with nearby sediments and sediments from the ZSF in general (Corps, 2003f) (Table 3-4).
Surface sediments collected within Site E were characterized as predominantly sandy sediments
(79 percent to 98 percent sand) (Table 3-4). Consistent with the sandy nature of Site E
sediments, concentrations of TOC were low (<0.5 percent). Concentrations of chemicals (i.e.,
PAHs, metals) were also relatively low, and correlated well with sediment grain size and TOC.
For example, sandy sediments with low TOC generally had lower concentrations of chemicals,
whereas concentrations of chemicals were higher in the finer sediments with higher TOC.
Concentrations of chemicals in surface sediments from Site E were well below established
sediment quality benchmarks (i.e., NOAA ER-L and ER-M values) for marine sediments,
indicating that surface sediments from this site are not impacted by contamination.
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Table 3-4. Summary Physical and Chemical Characteristics of Surface Sediments from
Site E, Areas Adjacent to Site E, and the ZSF.

size n = 111; for TOC n = 71; for organics and metals n = 38. Range and Mean data for the ZSF are based on
sample data collected prior to 2003 (Corps 2003d,¢).

Note: In cases where a parameter was not detected (ND), the detection limit (DL) is reported as ‘<DL’. Note that
DLs varied from sample to sample, and when the parameter result for more than one sample was undetected, then
the highest DL among those non-detect samples is reported in the Range above. Also note that in cases where the
parameter result for a single sample was not-detected, the sample DL was used in the Mean calculation.

353 SiteW

SPI studies conducted in 2001 and 2003 at Site W (Figure 3-24) and areas adjacent to the site
showed that surface sediments (top 1 inch) in Site W were composed primarily of fine sands.
Sediment type in the surrounding area varied considerably, with coarser sediments to the north
and finer sediments with some areas of silt to the west (Corps, 2002c; Corps, 2003f). Side-scan
sonar results (see Section 3.2.3) coupled with the SPI data showed that areas with hard bottoms
generally contained coarser sediments, whereas areas with soft bottoms generally contained finer
sediments.
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Figure 3-24. SPI Estimates of Grain Size Type for Surface Sediments from Site W and
Areas Adjacent to Site W.

The physical and chemical characteristics of surface sediments (top 1 inch) in Site W were fairly
similar to nearby sediments and to sediments from the ZSF in general (Corps, 2003c; Corps,
2002c). Grain size analyses found that surface sediments from Site W were characterized mainly
as sandy sediments (45 percent to 96 percent sand), although areas of silt were noted in some
surrounding locations west of the site (Table 3-5).

Concentrations of TOC were relatively low (<0.8 percent) in surface sediments from Site W and
were strongly correlated with grain size. Concentrations of organic contaminants (i.e., total
PAH) and most metals correlated well with TOC but not with grain size. For example, lower
chemical concentrations were found in sediments with low TOC and higher chemical
concentrations were found in sediments with higher TOC. However, sediments from Site W
contained slightly higher chemical concentrations than expected for sediments with small
amounts of fine material (<15 percent fines). Interestingly, the correlation between chemical
concentrations and sediment grain size was stronger in sediments located adjacent to Site W.
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Table 3-5. Summary Physical and Chemical Characteristics of Surface Sediments from

Site W, Areas Adjacent to Site W, and the ZSF.

Surface Sediment (top 1 inch) .
Y . : :

Parameter Si::)w djacze:;; lt(;:ne W, Adjac;:(t’ ;o( cS)nte W, Z(‘Sl;?

Range Mean Range Mean Range Mean Range Mean
Physical (pct)
Gravel 0to 49.3 11.8 0to 19.1 7.04 0to 56.7 7.65 0t049.3 3.18
Sand 4510 95.9 74.6 75.8 10 96.9 86.1 37.7t081.6 629 | 11.6t098.1 75.1
Silt 0.27 t0 23.3 6.72 0.59t05.52 2.65 1.17 t0 47.3 1921 0.11t053.3 124
Clay 35t015 6.82 1.82t0 8 423 29t0 15 10.3 0.42t0 36 9.34
Fines 4.05t0 38.3 13.5 2.89to0 13.5 6.88 4.07t0 62.3 29.5| 0.84to 88.5 21.8
TOC 0.16 0 0.77 042 0.125t00.345 0.22 0.29100.79 049] 0.06t00.92| 0.396
Organic Chemicals (ppb dry wt)
Total PAH 17.1 t0 25.1 21.7 5.62t024.3 15.1 14.9 to 821 235| 5.05to0407 137
Metals (ppm dry wt)
Aluminum 3°§‘£%8 34,100 7’25;%8 17,600 22’52(2‘1’38 38,800 7;‘555’%8 34,300
Chromium 27.2t036.4 31.1 10.9 t0 22.8 18.6 <27to 54 304 | 859t043.2 26.2
Copper 4.76 to 7.69 5.95 2.8t05.2 438 6.3 t052.5 18.4 2.16t0 19 8.01
Lead 153t017.6 16.3 2.69t0 15.1 9.61 12.4 t0 33.3 188 ] 2.69t021.7 15.7
Mercury 0000 o | 0.00713 Ot [o00ss | 0PI 00334 [ <0%012% f 0.0186
Nickel 9.58t0 14.6 11.3 3.87 10 6.96 5.86 ND to 16.6 10] 2940 14.6 8.27
Zinc 36 to 50 40.9 437to031.1 16.5 25.6t075.9 46.1 4.37t0 50 314

(a) Nine sediment stations sampled in 2001 (Corps, 2003c). For grain size and TOC n = 9; for organics and metals n = 3.

(b) Seven reference stations sampled in 2001 (Corps, 2003c). For grain size and TOC n = 7; for organics and metals n = 3.
(c) Ten reference stations sampled in 2003 (Corps, 2003f). n = 10 for all parameters reported.
(d) 71 stations sampled in 2001 (Corps, 2003c) and 40 stations sampled in winter 2002 (Corps, 2003d). For grain size n

= 111; for TOC n = 71; for organics and metals n = 38.

Note: In cases where a parameter was not detected (ND), the detection limit (DL) is reported as ‘<DL’. Note that DLs
varied from sample to sample, and when the parameter result for more than one sample was undetected, then the highest
DL among those non-detect samples is reported in the Range above. Also note that in cases where the parameter result

for a single sample was not-detected, the sample DL was used in the Mean calculation.

For example, concentrations of some chemicals (e.g., total PAH, Cu, and Hg) were higher in
sediments located to the west of Site W, which typically had higher amounts of fines and TOC.
Concentrations of chemicals found in the Site W sediments were well below established
sediment quality benchmarks (i.e., NOAA ER-L and ER-M values), suggesting that surface

sediments from Site W are not impacted by contamination.



Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 3-38

3.6 SEDIMENT TRANSPORT [40 CFR SECTION 228.6(a)(6)]

The potential erosion and transport of sediment is an important factor in assessing a suitable
location for dredged material disposal. Dredged material disposal sites designated as
containment sites are intended to retain dredged material within their boundaries. This section
examines potential erosion and sediment transport in order to determine whether there will be
any significant movement of dredged material deposited at either alternative site. This will be
done by examining the sedimentary environment of the ZSF, which provides insight into
sediment transport processes that may be at work. To aid this interpretation, the results of a
separate ZSF area-wide sediment transport model study, based on a Grant-Madsen formulation
(see for example, Glenn and Grant, 1987), are also presented. A full description of the modeling
study methods and results is presented in a recent modeling report (Corps, 2004b). Additional
site-specific dredged material erosion and transport modeling results are presented in Section 4.0.

3.6.1 Rhode Island Region ZSF

In this section, erosional areas of the ZSF are distinguished from depositional areas using
information on the sediment environment, as well as and an analysis of the hydrodynamic
processes (waves and currents) that can cause erosion and transport in the coastal environment.

Approach

The sedimentary environment of the ZSF is described in Sections 3.2 and 3.5. Erosional/
depositional processes can, in part, be inferred from the sedimentary environment of the ZSF.
Much of the ZSF has been classified by previous investigators (Savard, 1966; Danbom, 1975;
Knebel et al., 1982) as areas of erosion (or non-deposition) and areas of sediment sorting and
reworking. Only the area in the north-central portion of the ZSF and the bathymetric depression
running from northeast to southwest in Rhode Island Sound southeast of Block Island are
potential areas of deposition, based on the presence of high percentages of fine-grained sediment
(Figure 3-15). These depositional areas corresponded to the areas of the lowest near-bottom
wave and current energy.

An examination of only the sedimentary environment cannot tell the complete story of the
potential for sediment transport. There are two compounding issues that must be considered.
First, sediments found throughout the ZSF reflect the predominance of coarse-grained source
material as well as any erosional/depositional processes at work. Previous studies of sediments
of the continental shelf off the east coast of the United States recognized that rivers are of little
importance in supplying sediment to the continental shelf. McMaster (1960) noted that
sediments carried by major rivers in the east are effectively trapped by the deep basins of Long
Island Sound and the Gulf of Maine. It is not possible, therefore, to determine conclusively
whether areas of coarse, unconsolidated sand are present wholly because of sorting and
reworking by waves and currents or are present in part because of a lack of available fine
sediments. Second, dredged material from harbors is high in fines and clay and tends to be more
cohesive than sandier sediment typical of the ZSF. It is, therefore, necessary to also characterize
the erosional/depositional processes at work (i.e., the hydrodynamic environment) throughout the
ential erodability of placed dredged material.

~ "o i . ' . - 2 . - - -
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The transport of bottom sediments in the ZSF, like other open continental shelf environments, is
predominantly caused by storm-generated waves that create oscillatory currents near the seabed.
Oscillatory currents (the to-and-fro water motion beneath passing waves) are present under all
surface waves; they are strongest near the surface and weaker with increasing depth. When the
waves are large, and their period long, these to-and-fro currents occur well below the surface. If
they are present close to the bottom with sufficient strength, they can provide enough energy to
resuspend bottom sediments. When these oscillatory currents are combined with other currents,
such as tidal currents, conditions potentially resulting in suspended-load transport can occur.

Investigators have found that very few events over the course of a year account for all the annual
resuspension and transport of bottom sediments on the inner continental shelf (Manning et al.,
1994; Vincent et al., 1981). Manning et al. (1994) documented storm-driven resuspension and
transport of sediments in the New York Bight using the continental shelf bottom boundary layer
model of Glenn and Grant (1987). The model indicated that sediment resuspension occurred at
the measurement sites approximately 5 percent of the time, primarily during winter months. The
model results confirmed the observations of a side-scan and bathymetry study in the apex of the
New York Bight (Stubblefield et al., 1977). The analysis and modeling done for the New York
Bight cannot be directly applied to the ZSF because of the site specific nature of the wave and
current climate and bottom sediments. A similar approach, using the same sediment transport
model and relating those model results to the sedimentary environment, was used in this study.

Sediment Transport Model (Grant-Madsen) Description and Methods

A full description of the modeling study methods and results is presented in a recent modeling
report (Corps, 2004b). Long-term current measurements are not available in the open waters of
Rhode Island Sound, although tidal current flow throughout the ZSF is well understood. Wave
measurements are available from a 2-year period (1990 to 1992) at the Buzzards Bay Tower (see
Section 3.4.1); however, these measurements did not include data for the summer months,
provided no spatial information, and do not provide the long-term characterization required for
this analysis. To develop these kinds of statistics, the wave climate and storm currents were
modeled using available wind hindcast data. Long-term archives of the wind field over both the
mainland and coastal waters of the United States are readily available from the U.S. Weather
Service. A directional wave model was applied to characterize the long-term wave climate over
the ZSF from the historical wind field, a technique routinely used in the study of ocean waves.

To estimate the potential resuspension of sediments caused by the modeled wave and current
field, the bottom shear stress generated by the wave and current forces was determined. Shear
stress is the frictional or “sliding” force that horizontal currents exert on the seabed

(Figure 3-25).

Resuspension was estimated by comparing shear stress exerted by the waves and currents to the
critical shear stress that causes the initiation of sediment motion. Bottom shear stress is a
function of the current velocity, wave height, wave period, water depth, and bottom roughness.
Critical shear stress was estimated from grain size.
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Figure 3-25. A Schematic Depicting Shear Stress on the Seabed.

The Grant-Madsen model of sediment transport was then applied to the ZSF for various grain
sizes, tidal current, and wave conditions. The model predicted the distribution of sediment
erodability (the erodability parameter is the ratio of the wave- and current-induced bottom shear
stress to the critical threshold shear stress) (Dyer, 1986). The predicted distribution of sediment
erodability over the ZSF for the 1-percent frequency of occurrence wave conditions combined
with the typical peak tidal currents for 1.0-millimeter (mm) grain size sediments is shown in
Figure 3-26. The modeled wave conditions represent the waves expected during the strongest
winter storm of a single year. Cohesive sediments, typical of harbor dredged material, are more
resistant to erosion by hydrodynamic forces; thus, a coarse grain size was chosen for use in the
non-cohesive model to offset the effect. Lower sediment erodability values indicated that less
energy was available for the erosion, resuspension, and transport of bottom sediments. Sediment
erodability parameter values less than 1 indicated that wave and current energy were not
sufficient to resuspend and transport even non-cohesive bottom sediments for the given storm
conditions and indicated depositional areas. Sediment erodability parameter values greater

than 1 but less than 3 indicated that wave and current energy may occasionally be sufficient to
mobilize non-cohesive bottom sediments and indicated areas of some sediment sorting and
reworking. This corresponds to peak near-bottom combined wave and current velocities of
between 36 cm/s and 69 cm/s. Sediment mobility parameter values greater than 3 indicated high
wave and current energy environments and areas of coarse-grained deposits and/or erosion (non-
deposition).
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Figure 3-26. Predicted Sediment Erodability Parameter for 1.0-mm Grain Size for Typical
Peak Tide and 1-Percent Frequency of Occurrence Wave Conditions.

Figure 3-26 shows the modeled areas of deposition (erodability parameter less than 1) in deep
water offshore and in the central bathymetric depression of the ZSF. The figure also shows areas
of infrequent reworking of bottom sediments (erodability parameter between 1 and 3) in the
north-central portion of the ZSF and in central Block Island Sound (although the effect of the
tidal currents in Block Island Sound may be underestimated based on the modeling results). For
the unsheltered area of the outer ZSF, the model predicted that sediments were not expected to
be resuspended at depths below 170 ft and would probably only occasionally be resuspended at
depths below 105 ft. Inshore, it was more difficult to relate potential erodability to depth alone,
because of the sheltering effect of Block Island and Martha’s Vineyard on wave heights and the
strong tidal currents between Block Island and Point Judith and between Block Island and
Montauk Point. The relationship between erodability parameter and depth is presented in
Figure 3-27.
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Figure 3-27. Predicted Relationship Between Depth and Sediment Erodability Parameter
for 1.0-mm Grain Size, Typical Peak Tide, and 1-Percent Frequency of Occurrence Wave
Conditions.

These results are consistent with observations of the surficial sediments of disposal mounds at
Site 16, the historic disposal site. A mix of fine and coarse grained sediment was observed
below a depth of approximately 90 ft, but coarse grains were observed in depths shallower than
90 ft (Corps, 1979). This indicated that the fine grains had been winnowed out by the action of
waves in depths shallower than 90 ft. The model results were also consistent with the results of
another modeling study performed as part of the Providence River and Harbor Maintenance
Dredging Project EIS (Corps, 2001c), which examined the likelihood of erosion and transport of
cohesive sediments proposed for placement at Site 69B, located at a depth of 128 ft. Gailani et
al. (Corps, 2001c) concluded that a disposal mound placed at Site 69B would not be dispersive
under any conditions other than the most severe hurricane (50-year return period), which would
at first seem inconsistent with these results; however, their results were based on an assumption
of extremely cohesive sediments and should therefore be viewed as potentially underpredicting
erosion. The critical shear stress required to initiate sediment motion used by Gailani et al.,
determined from Providence River sediment cores (Sturm ef al., 2000), was 250 times higher
than critical shear stress measured in sediments for disposal in the Portland, Maine Disposal Site
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(Corps, 1998a). Thus, we would expect, within a range of typical critical shear stresses, to find
occasional mobilization of bottom sediments at 128-ft depth.

Taken together, the characterization of sediment, the studies of continental shelf and ZSF-
specific sediment transport, and the sediment transport modeling preformed for this Final EIS
suggest that:

e Deep areas of the outer ZSF and the central bathymetric depression (deeper than 170 ft)
are depositional in nature, except in some of the deep areas of Block Island Sound and
Block Island Channel where strong tidal currents alone mobilized bottom sediments.

e Areas of the ZSF between 105 and 170 ft, including the north-central portion northeast of
Block Island, are likely to be depositional with some infrequent sorting and reworking by
waves and currents.

e Areas of the ZSF shallower than 105 ft likely experience occasional erosion and frequent
sediment sorting and reworking by storm waves and tidal currents.

3.6.2 SiteE

Direct observations of sediment transport can be made in the field using cameras or optical
sensors placed on the seafloor to observe resuspension of sediment particles. Usually these
direct measurements of sediment transport are made in conjunction with measurements of wave
height and current to provide a more complete picture of the transport process. More frequently,
however, only measurements of waves and currents are available. This requires the use of
models to estimate sediment transport. Because sediment transport occurs during large,
infrequent storms, observations of sediment transport (either direct or indirect) are best made
over a long period of time, typically 6 months to several years. As discussed previously, the
sedimentary environment can also be inferred from an examination of the sediments that are
present on the seafloor, but this must be done with careful attention to the issue of availability of
source material in order to avoid misinterpretation.

No site-specific measurements of the sediment transport, near-bottom currents, or waves have
been made in Site E. The modeling study described earlier was performed on a scale large
enough to model the entire ZSF with a coarse grid size (1.2 kilometers [km] by 1.2 km). At that
scale, details of the sediment transport within Site E cannot be discerned. However, since Site E
has a depth range of 125 to 133 ft, the model results would indicate that it would be expected to
be depositional with some infrequent sorting and reworking by waves and currents (mobility
parameter between 1 and 3). Care must be used in applying this interpretation, however, since
the depth of Site E would place it closer to a mobility parameter of 1 rather than 3.

To clarify how frequently and to what degree bottom sediments in Site E may be reworked,
transported, or both, sediment type mapping done in and around Site E was examined using the
results of an SPI survey conducted during July 2003 (Corps, 2003f) and discussed in Section 3.5.
The SPI survey revealed that throughout Site E, the bottom consisted of unconsolidated medium
sand (Figure 3-28 presents a seafloor image typical of the site; more images from Site E are
available in Corps, 2003f). Some fine sediment is visible below the surface in this image and in



Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 3-44
Sc

Figure 3-28. Sediment Profile Image from Site E, Station E16 Acquired July 2003.

some of the other images collected in Site E. This suggests that fine material is available to the
area but has been winnowed out of the surface layer during reworking of the sediments by waves
and currents. This is supported by the fact that just outside the site to the east, a large area
consisting of fine sediments (silty/sand and fine sand) was observed and indicates that there is no
lack of fine material in the area. In addition, the side-scan survey conducted in July 2003 (Corps,
2003a) found sand waves present in the southeastern part of Site E. Sand waves are a clear
indication of an energetic bottom environment where fine material is readily eroded and
transported. These observations strongly suggest that Site E is a non-depositional environment
where fine sediments (fine sands, silt, and clay) do not accumulate due to frequent reworking of
the sediments by waves and currents.

3.6.3 Site W

No site-specific direct measurements of sediment transport have been made in Site W. Two
short-term (1- to 2-month) indirect measurements (near-bottom currents and waves) were made
(Corps, 2001b; Corps, 2003b), and these data were used to verify the sediment transport model
results.

Bathymetric surveys of Site W have shown that the site encompasses a topographic depression
with water depths around the boundary of the site generally around 120 ft and depths within the
depression roughly 130 ft. The water depth in Site W ranges from a minimum of 116 ft in the
southeast corner to a maximum of 132 ft in the depression. The sediment transport model results
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indicate that Site W would be expected to be depositional, with some infrequent sorting and
reworking by waves and currents (mobility parameter between 1 and 3). Again, care must be
used in interpreting the model results.

To clarify how frequently and to what degree bottom sediments in Site W may be reworked,
transported, or both, SPI surveys conducted in the area (June 1997 and November 1999 [Corps,
1997], July 2003 [Corps, 2003f], and October 2003 [Corps, 2004a]) were reviewed. The results
show that sediment texture at most stations sampled in Site W consisted of unconsolidated
sediments made up of very fine sand mixed with silt and/or clay. Figure 3-29 presents a typical
SPI image taken just outside the western boundary of Site W. Some stations along the northern
boundary of the site consisted of a hard bottom of fine sand, while the southernmost stations
consisted of very fine rippled sand. These areas correspond to shallower depth values. At
several stations near the western boundary of Site W, SPI sampling in November 1999 revealed a
thin silt layer over sand, suggesting recent deposition. Sediment profile images in the southeast-
central portion of Site W, made in October 2003, frequently showed a depositional layer of fine
sand over underlying dredged material (Corps, 2004a). Ripples observed in this sand layer were
likely due to bedload transport of ambient fine sand during storm events. The side-scan survey
conducted in July 2003 (Corps, 2003a) characterized the bottom throughout the depression as
consisting of soft material. These observations suggest that Site W is predominantly a
depositional environment, particularly in the depression, although some occasional reworking of
bottom sediments by waves and currents, including the occasional transport of fine silt, does
occur.

Sour

Figure 3-29. Sediment Profile Image from Site W, Station W15 Acquired July 2003.
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37 WATER QUALITY [CFR 40 SECTION 228.6(a)(9)]

The quality of coastal water is generally determined by the amount of particles (turbidity),
dissolved oxygen (DO) levels, nutrient and chlorophyll levels, and contaminant concentrations in
the water column. These water quality parameters can be affected by direct inputs (e.g.,
continuous and periodic point source discharges, atmospheric sources, ocean disposal activities),
indirect inputs (e.g., nonpoint sources), and secondary processes (e.g., remobilization from the
seafloor, primary production by marine plants and animals).

3.7.1 Rhode Island Region ZSF

The number of field studies characterizing the quality of the waters of the ZSF is very limited,
with most of the studies dating from the 1960s and 1970s (Collins, 1976; Day, 1960; Pratt et al.,
1975; Pratt and Heavers, 1975; Snooks et al., 1977) (Figure 3-30). These works, including a
more recent publication edited by Armstrong (1998), describe the turbidity and hydrographic
structure of the water column. Pilson (1985) and Pilson and Hunt (1989) collected nutrient and
metals data in water from the north-central region of the ZSF. Recent studies conducted in
support of this Final EIS (Corps, 2002d; Corps, 2002e¢; Corps, 2003d) gathered physical and
chemical information about the water column (i.e., temperature, salinity, density, turbidity, DO),
including the concentrations of organic and inorganic contaminants, at several sampling
locations farther offshore within the ZSF (Figure 3-30).

The Rhode Island Department of Environmental Management (RIDEM) has established water
quality goals for all marine surface waters in Rhode Island that are classified by the water uses to
be protected (RIDEM, 2000). These classifications consider public health, recreation, growth
and protection of fish and wildlife, and economic and social benefits (Table 3-6). The highest
classification for marine waters is the SA classification, which includes the most sensitive water
uses (e.g., harvesting of shellfish for human consumption). The designated uses for SC-
classified waters are the most restricted of these classifications (i.e., no shellfish harvesting or
primary recreational contact). Physical, chemical, and biological criteria have been established
as parameters of minimum water quality necessary to support these surface water use
classifications. The waters of the ZSF within Rhode Island territorial waters are classified as SA
waters. These waters are designated for shellfish harvesting for direct human consumption,
primary and secondary contact recreational activities, and fish and wildlife habitat. These waters
must be suitable for aquacultural uses, navigation, and industrial cooling and must have good
aesthetic value.

Temperature, Salinity, and Density

The hydrographic structure (temperature, salinity, and density) of the waters of the ZSF has been
well documented (Pratt et al., 1975; Armstrong, 1998; Corps, 2002d; Corps, 2002¢).
Temperatures in the ZSF have a well-defined seasonal cycle that evolves from a vertically
homogenous temperature structure in winter to weak stratification in summer. In late fall and
winter, the water column in the ZSF is almost completely unstratified (constant density from
surface to bottom) (Armstrong, 1998). Minimum temperatures in coastal waters (~0 to 3.3 °C)
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Figure 3-30. Location of Water Quality Studies Conducted in the ZSF.

generally occur during February, and midshelf waters (midway across the continental shelf at
approximately 230 ft depth) are coldest in March (2.5 to 5.4 °C). Waters in the ZSF begin to
stratify thermally in April, when surface waters warm rapidly. Water column profiles collected
in the ZSF in May 2002 (Corps, 2002¢) demonstrated the development of seasonal stratification
with the presence of moderate temperature and density gradients from surface to bottom (Figure
3-31, Figure 3-32). The surface water in May 2002 was fresher and warmer than the bottom
waters, possibly due to diurnal solar heating and runoff of freshwater (Figure 3-33). The
thermocline intensifies and deepens through the spring and summer, with surface waters
reaching their maximum temperatures in August (20.4 to 22.7 °C) (Armstrong, 1998). Pratt et
al. (1975) reported water temperatures ranging from 11 °C in bottom waters to 18 °C at the
surface in the vicinity of Browns Ledge (shown in Figure 3-30 in the northeast area of the ZSF)
during June and July 1974. Snooks et al. (1977) observed a thermocline (rapid change in
temperature over a short vertical distance) in the western portion of the ZSF (Block Island
Sound) from May to August 1976.
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Table 3-6. RIDEM Water Quality Classifications.

Marine Water

Classes

Designated Uses

SA

Harvesting of shellfish for direct human consumption
Primary and secondary contact recreational activities
Fish and wildlife habitat

Aquaculture

Navigation

Industrial cooling

Good aesthetic value

SB

Primary and secondary contact recreational activities
Shellfish harvesting for controlled relay and depuration
Fish and wildlife habitat

Aquaculture

Navigation

Industrial cooling

Good aesthetic value

SB1

Primary and secondary contact recreational activities (primary
contact activities may, at times, be impacted due to pathogens
from approved wastewater discharges)

Fish and wildlife habitat

Aquaculture

Navigation

Industrial cooling

Good aesthetic value

SC

Secondary contact recreational activities
Fish and wildlife habitat

Aquaculture

Navigation

Industrial cooling

Good aesthetic value

~

-
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Figure 3-31. Temperature versus Depth in the ZSF (Site 69B) in October 2001

and May 2002.
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Figure 3-32. Density versus Depth in the ZSF (Site 69B) in October 2001 and May 2002.
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Figure 3-33. Salinity versus Depth in the ZSF (Site 69B) in October 2001 and May 2002.

In the fall, the thermocline breaks down as surface waters cool and storms begin to mix the water
column. These processes usually cause the water column to become isothermal (constant
temperature with depth) by October (Figure 3-31). Bottom waters of the ZSF are generally
warmest in October and November (Armstrong, 1998). In October 2001, there was a difference
of only 0.5 to 1.1 °C between surface (16.9 to 17.2 °C) and bottom (~120 ft) (16.1 °C to 16.5 °C)
waters in the ZSF (Corps, 2002d). The mixing process also causes density and salinity to
become fairly uniform throughout the water column, as shown for October 2001 (Figure 3-32,
Figure 3-33).

Day (1960) found that tides and winds may also influence water temperature in the area. These
are superimposed on the seasonal cycle described above.

Water Column Turbidity

Turbidity (clarity of water) relates to the levels of organic and inorganic particulate matter in
water. Waters with higher levels of particulate matter have a higher turbidity. Water column
turbidity can be affected by many factors, including growth of phytoplankton, river plumes, and
energy events that resuspend sediments. High turbidity lowers water transparency, increasing
light extinction (a measure of the penetration of light through water) and reducing the depth of
the photic zone (the uppermost portion of the water column where sunlight penetrates). This
may decrease primary production (synthesis of new plant matter through photosynthesis) of
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phytoplankton and, if sustained over long periods and spatial scales, may consequently decrease
secondary (animal) production.

Turbidity can be measured in a number of ways, including the transmission or scattering of light,
water clarity, or the concentration of particulate matter concentration. The majority of
measurements reported for waters in the ZSF were based on total suspended solids (TSS).
Several investigators have measured TSS in the ZSF since 1975, as shown in Table 3-7. The
concentrations of TSS from all of these studies ranged from 0.1 milligrams per liter (mg/L) to
7.4 mg/L. Compared with other major estuaries, the background TSS appears to be relatively
low in the ZSF. For example, the TSS during a normal tidal cycle in New Haven Harbor,
Connecticut, ranges from 15 to 25 mg/L (Bohlen et al., 1996). In Massachusetts Bay, an area
more like the ZSF, TSS ranges from 0.5 to 2 mg/L.

Table 3-7. Water Column Turbidity in the ZSF.

Study TSS
Pratt and Heavers, 1975 0.1 -7.4 mg/L
Collins, 1976 0.23 - 1.61 mg/L
Pilson and Hunt, 1989 0.33 -3.79 mg/L
Corps, 2002e 0.51-1.42 mg/L
Corps, 2002d 0.28 — 1.26 mg/L

The measured concentrations of TSS in the Rhode Island Sound portions of the ZSF appear to be
relatively consistent since the 1970s. Measurements from 2001 and 2002 (Corps, 2002d; Corps,
2002¢) were within the range of historical values (Table 3-7). These values were also spatially
consistent over different areas of the ZSF, indicating a generally clear water column within the
region.

Pratt ez al. (1975) found that dense offshore waters of the ZSF with low turbidity generally
intrude under the more turbid surface waters of coastal Rhode Island. The turbid coastal surface
waters extended as far south as Browns Ledge (see the northeast corner of ZSF in Figure 3-30).
Turbidity profiles obtained by Pratt and Heavers (1975) found an increase in turbidity near the
bottom, with a very well-developed bottom turbidity layer in the northwest portion of the ZSF.
The near-bottom turbidity zone is typically caused by the resuspension of particulate matter by
tides and waves. Data collected in October 2001 and May 2002 (Corps, 2002d; Corps, 2002¢)
also detected this feature and suggested that the turbidity of bottom waters was higher in May
than in October (Figure 3-34). Resuspension of bottom sediments, along with remnant material
from a spring phytoplankton bloom in the ZSF, are possible reasons for this increased bottom
water turbidity in the spring.
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Figure 3-34. Beam Attenuation (A Measure of Turbidity) versus Depth in the ZSF
(Site 69B) in October 2001 and May 2002.

Dissolved Oxygen

Dissolved oxygen is a measurement of the volume of oxygen contained in water and it indicates
the ability of the water body to support a well-balanced aquatic faunal community. Levels of
DO are controlled by physical factors (i.e., temperature and salinity) and biological factors (i.e.,
photosynthesis and respiration). In estuaries, DO concentrations can range from supersaturated
(when primary production [photosynthesis] is high) at times to 0 mg/L (anoxia—a lack of
oxygen). Exposure to DO concentrations of less than 2 mg/L for 1 to 4 days will kill most of the
biota in an ecosystem. DO concentrations of greater than 5 to 6 mg/L are considered suitable for
supporting aquatic life.

Concentrations of DO in surface waters within the ZSF ranged from 7.2 mg/L in October 2001 to
10.8 mg/L in December 2002 (Corps, 2002d; Corps, 2003d), well above the Rhode Island water
quality criteria for DO for SA waters (6.0 mg/L) (RIDEM, 2000). These DO concentrations
were similar to those measured by Pilson and Hunt (1989) in northern Rhode Island Sound in
May 1986 (9.0 to 9.9 mg/L). The fall DO concentrations were homogeneous from surface to
bottom in the ZSF and exhibited no appreciable increase or decrease in concentration at depths
greater than 20 to 26 ft (Figure 3-35). The spring DO concentrations, however, began to decline
at approximately 82 ft. Bottom-water DO concentrations in both the fall and spring ranged from
7.1t0 7.3 mg/L.



R R N R R EEEE]

Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 3-53
Dissolved Oxygen (mg/L)
6 6.5 7 7.5 8 8.5 9 9.5 10
0 I L 1 I 1 L A
===(Qctober 2001
——May 2002 /
20 \ (\)
40 é \}
€ &0 '
: < E
o
: S /
100 -
120 1
140

Source: Corps, 2002¢

Figure 3-35. DO versus Depth in the ZSF (Site 69B) in October 2001
and May 2002.

DO concentrations in temperate marine surface waters are usually lowest in the fall, due to
warmer water temperatures and lack of nutrients in surface waters to support primary production.
DO concentrations in water near the seafloor are often lower than in surface waters due to
oxygen consumption as organic matter decays. DO concentrations increase again during the
winter, when water temperatures cool and the water column becomes well mixed. DO
concentrations in the ZSF follow the expected trends, although the May 2002 sampling found a
lower-than-expected DO concentration (7.2 mg/L) in the bottom waters. The low DO
concentration may have been due to the degradation of remnant material from a spring
phytoplankton bloom in Rhode Island Sound.

Nutrients

Nitrogen and phosphorus are the two major nutrients essential for primary production in the
ocean. The availability of nitrogen in most marine waters typically limits the growth of
phytoplankton, as this element is consumed before other nutrients, such as phosphorus. Other
major nutrients, notably silicon, as well as many micronutrients and metals are also necessary for
plant growth and may enhance or retard production based on local conditions.

Concentrations of ammonia (NHj3), nitrate and nitrite (NOy), and inorganic phosphate (IPO,) in
the upper portion of the ZSF measured in fall 1985 and spring 1986 by Pilson and Hunt (1989)

(Figure 3-30; Table 3-8) were higher in the fall than in the spring. Lower spring concentrations
likely reflect utilization by phytoplankton during a winter/spring bloom period.
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Table 3-8. Concentrations of Nutrients in Rhode Island Sound.

TN NH; NO, TP IPO,
Date uM uM pM pM M
[Oct. 1985 13 -28 08-1.18 | 0.8-34 2-2.6 05-1
Nov. 1985 16 -22 1.7-2.1 1.8-2.9 2.6-3.2 1-1.1
Apr. 1986 7-11 0.2-0.5 0 1.5-27 03-04
May 1986 6-12 03-1 0.1-0.6 2-3 0.4-0.6

Source: Pilson and Hunt, 1989
TN = total nitrogen; NH; = ammonia; NO, = nitrate and nitrite; TP = total phosphorus;
IPO, = inorganic phosphate, pM = micromoles

Phosphate concentrations measured by Pilson (1985) in the northwestern portion of the ZSF
(Figure 3-30) were generally between 0.35 micromoles (uM) and 1.0 pM during the months
sampled. Total dissolved inorganic nitrogen ranged from approximately 2 pM to 9 uM, with
concentrations being highest in January through March (Pilson, 1985). These concentrations
represent the typical range of values seen in North Atlantic coastal waters.

Contaminants

Data on contaminant levels in the ZSF are very limited. However, organic contaminants
(polychlorinated biphenyls [PCBs] and pesticides) measured in October 2001 and May 2002 in
support of this Final EIS were generally undetected at the parts per trillion (pptr) level (Corps,
2002d; Corps, 2002¢).

Concentrations of dissolved metals in the ZSF measured by Pilson and Hunt (1989) and the
Corps (2002f and 2002d) were also low (Table 3-9). Dissolved metal concentrations appeared
similar throughout the year and throughout the ZSF. Levels of dissolved metals measured in
2001 and 2002 in support of this Final EIS were generally comparable to historic data (Pilson
and Hunt, 1989) and generally similar among the locations sampled (within a factor of two) for
most metals. The distribution of dissolved metals within the water column varies with depth
(higher in surface waters) due to the presence of the vertical salinity gradient in the ZSF during
the spring and summer (Figure 3-33). When this gradient is present, surface waters are fresher
than bottom waters. Because concentrations of metals tend to be higher in freshwater than in
marine water, surface waters tend to have slightly greater metal concentrations than higher-
salinity bottom waters.

Detected levels of organic and inorganic contaminants in the water column of the ZSF were well
below the ambient water quality guidelines for toxic pollutants adopted by RIDEM (2000), as
required by Section 303(c)(2)(B) of the Clean Water Act (Table 3-10).
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Table 3-9. Concentrations of Dissolved Metals (ppb) in Water
from the ZSF.

*Pilson and Hunt, 1989

"Corps, 2002d. Data were collected from Sites 18, 69A, and 69B. Note: Due to suspected sample contamination
in some of the sample triplicates, one of three sample replicates analyzed during the October 2001 survey was
eliminated from this analysis.

“Corps, 2002e. Data were collected from Site 69B only.

In summary, data characterizing the hydrographic structure (temperature, salinity, and density),
turbidity, DO levels, and concentrations of nutrients and contaminants in the ZSF indicate that
the waters of the ZSF are typical of New England offshore waters. Contaminant levels are low
and do not appear to be directly affected by anthropogenic sources of pollution. DO and
contaminant concentrations are well within the water quality guidelines established by the State
of Rhode Island (RIDEM, 2000).

3.7.2 Site E

Site E is in the offshore open waters of the ZSF, distant from nutrient and contaminant sources.
Although no recent or specific studies on water quality have been performed at Site E, its
location gives no reason to believe that the water quality at this site would be any different than
that described for the open waters of the ZSF in general. Rhode Island has designated these
waters as “SA” (RIDEM, 2000).

3.7.3 Site W

Recent studies conducted within Site W (Corps, 2002d; Corps, 2002¢; Corps, 2003d) gathered
physical and chemical information about the water column (i.e., temperature, salinity, density,
turbidity, DO), including concentrations of organic and inorganic contaminants. When
compared to similar data collected elsewhere within the ZSF, the water quality at Site W was
found to be consistent with and representative of the water quality of the ZSF in general. Rhode
Island has designated these waters as “SA” (RIDEM, 2000).



- = No criteria recommendation.
ppb = parts per billion
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3.8 PLANKTON COMMUNITY [40 CFR SECTION 228.6(a)(9)]

Plankton are small, free-floating or weakly swimming organisms that drift through the water
column. Despite their small sizes and short lifespans, plankton form the base of most of the
ocean’s food chains and have key ecosystem roles in the distribution, transfer, and recycling of
nutrients and minerals. Plankton are divided into two major groups: phytoplankton and
zooplankton. The phytoplankton community, consisting of unicellular plants such as diatoms
and dinoflagellates, is the major contributor to primary production (the conversion of inorganic
materials to organic products by photosynthesis) in the sea. Phytoplankton often rapidly grow
into large aggregates or blooms. Subsequent decomposition of the dead phytoplankton can lead
to local depletion of oxygen in the water. Some phytoplankters are toxic and their blooms
contribute to fish kills and shellfish poisoning. The zooplankton community, consisting of
microscopic animals, includes the primary consumers of phytoplankton and consumers of other
zooplankton. Consequently, zooplankters play a central role in the functioning of marine
ecosystems. Zooplankters include animals that spend their entire lives in the plankton
community (holoplankton) and the larval forms of many species of invertebrates and fish that are
part of the planktonic community for only a short time (meroplankton). Important zooplankton
include unicellular (Foraminifera, Radiolaria) and multicellular animals (copepods).

3.8.1 Rhode Island Region ZSF

Few studies focus on plankton communities in the area of the ZSF. Information about plankton
within and near the ZSF was compiled from studies of the southern New England shelf area,
which includes the Rhode Island Sound area and lower regions of Narragansett Bay. Sherman et
al. (1988) summarized the Marine Resources Monitoring, Assessment, and Prediction
(MARMAP) surveys (1977-1987) in the southern New England region, which included the ZSF
and the outer waters of the shelf. Consequently, the description of plankton is generally
applicable to Rhode Island Sound but not specific to the ZSF. Because of the paucity of
information within the ZSF, phytoplankton species composition and abundance data from the
lower regions of Narragansett Bay, which is well-mixed and strongly influenced by marine
waters, were also examined to characterize the plankton community within the ZSF (Kremer and
Nixon, 1978; Karentz and Smayda, 1984).

Phytoplankton

Phytoplankton communities are characterized by large spatial and temporal fluctuations in
abundance. Most of the phytoplankton present in the ZSF fall into two broad categories: the
diatoms, with two glass-like shells composed of silica that fit together, forming a protective box;
and the dinoflagellates, with one or more whip-like appendages that propel them through the
water.

Phytoplankton Species Composition in the ZSF: Small diatoms such as Leptocylindricus
danicus, Skeletonema costatum, and Thalassiosira nordenskioldii predominate in southern New
England and Rhode Island Sound coastal waters from February through April, accounting for
75 percent of the phytoplankton abundance (Falkowski et al., 1988; Sherman et al., 1988). By
May, phytoplankton abundance is reduced to levels observed in early February. Skeletonema
costatum dominated the shelf area from August to October, reaching maximum concentrations
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nearshore of 73 x 10° cells per cubic meter (m®). Falkowski et al. (1988) found a distinct diatom
assemblage characterized by Rhizosolenia delicatula at the most nearshore sampling station (just
within the 164-ft isobath) in Rhode Island Sound. Diatom species widespread throughout the
region included Nitzschia seriata, Rhizosolenia hebetate, and R. shrubsoleia. Hemiaulus
sinensis, Leptocylindricus danicus, three Nitzschia species, R. delicatula, and Thalassionema
nitzschoides are other common diatoms in shelf or Rhode Island Sound waters (Marshall and
Cohn, 1980; Falkowski et al., 1988). Farther offshore, diatoms and dinoflagellates were about
equally abundant (Falkowski ef al., 1988). Small naked (shell-less) dinoflagellates, including
several Gymnodinium species, were abundant. Additional dinoflagellates common offshore
included Ceratium lineatum, C. trichoceros, Dinophysis fortii, and Prorocentrum micans
(Marshall and Cohn, 1980). The phytoplankton assemblage in the vicinity of Rhode Island
Sound may receive seed populations from Georges Bank and Nantucket Shoals, Massachusetts,
that may be modified by biological and physical processes during transport (Falkowski e? al.,
1988). The phytoplankton assemblages occurring at any specific site in the sound may differ
because as waters move southwest across the shelf, phytoplankton may either be grazed, grow
differentially, or sink. Many of the species described by Falkowski et al. (1988) within the study
area were also noted by others to occur there or in contiguous waters.

Data collected within Rhode Island Sound near the mouth of Narragansett Bay indicated that, in
general, the species present at the mouth of Narragansett Bay also occurred throughout the Bay,
but at lower levels of abundance. At the mouth of the Bay, there was a modest bloom in the
winter-spring (cell counts to about 4,000 cells per milliliter [mL]) and a minor bloom in the late
summer (cell counts to about 1,000 cells/mL) (Martin, 1965). A systematic increase in
phytoplankton (total cell counts and biomass) occurred from the mouth to the upper Bay
throughout the annual cycle. Farmer et al. (1982) found that phytoplankton biomass along a
transect extending from Rhode Island Sound to upper Narragansett Bay and lower Narragansett
Bay was low and relatively constant, while abundance and variability increased two- to four-fold
in the upper Bay.

Ocean currents transport most of the phytoplankton found in Narragansett Bay from Rhode
Island Sound (Hargraves, 2003); therefore, the species identified by Hargraves (1988) for the
Bay are indicative of phytoplankters likely to occur in Rhode Island Sound. The most abundant
species present during winter in Narragansett Bay and the adjacent Rhode Island Sound were
species having northern or world-wide distributions (Hargraves, 1988). However, the summer
flora was a variable mixture of warm-water and cosmopolitan species dominated by flagellates
or diatoms.

Seasonal Distribution of Phytoplankton in the ZSF: Annual changes in abundance and species
composition are key features of phytoplankton community structure, particularly in temperate
marine waters. Typically, diatoms dominate during the winter-spring bloom, and flagellates are
more abundant in the summer in Rhode Island Sound. Measurements of chlorophyll g, a
traditional measure of phytoplankton biomass, indicate that phytoplankton biomass within the
ZSF varies considerably at all temporal and spatial scales. Despite this variability,
phytoplankton biomass shows a large-scale seasonal cycle in Rhode Island Sound. A classical
winter-spring phytoplankton bloom occurs in Rhode Island Sound (first documented by Riley,
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1952), with the highest seasonal biomass occurring during February—March (O’Reilly and Zetlin,
1998). The bloom size may be partly regulated by zooplankton, which show greater feeding
activity during the summer when water temperatures are warmer than those encountered during
spring (Keller et al., 1999). Generally, the winter-spring bloom appears earlier (January—
February) in nearshore areas and later (March—April) offshore. The magnitude of the winter-
spring bloom and overall seasonal biomass decreases farther offshore in Rhode Island Sound.
During the April-June period, biomass decreases in offshore waters of Rhode Island Sound but
remains somewhat elevated near estuaries. The low point of the annual cycle occurs during
July—September, when the water column becomes stratified (warm surface waters are layered
over colder subsurface layers) and subsurface chlorophyll maxima are associated with the
thermocline (a sharp boundary between warm and cold water layers) along shelf waters. Water
column chlorophyll a concentrations increase during the October—December period; however,
standing stocks during the fall bloom are lower than those in spring (Figure 3-36).

Environmental Factors Affecting Phytoplankton in the ZSF: Environmental variables that
control phytoplankton dynamics in Rhode Island Sound include light, temperature, nutrients,
grazing, and species interactions. Water column characteristics such as turbulence, turbidity,
stratification, and current patterns also affect species distributions. Rhode Island Sound waters
are well-mixed during winter and stratified during summer, except when storms and upwelling
and downwelling events cause vertical mixing in shallow coastal areas (Ingham and Eberwine,
1984). Nearshore waters are more turbid than deeper waters because of estuarine outflow and
sediment resuspension, which limits light penetration into the water column and reduces
photosynthesis.

During winter-spring, phytoplankton are most abundant in nearshore areas of Rhode Island
Sound adjacent to the mouths of estuaries. Diatom dominance during the spring bloom and
flagellate dominance after the onset of stratification may result from their different physiological
requirements (Anderson and Nival, 1987). Williams (1964) and Malone (1971) hypothesized
that the small flagellates are better able to take up nutrients, which are in short supply at the end
of the bloom. Temperature also may be important for the summer increase in small flagellates
because some grow better at temperatures greater than 15 °C. During October—-November, the
fall bloom period, as silica becomes more available, diatoms again increase in numbers but
generally not to the levels seen in the spring. Minor, short-duration blooms may occur outside of
the spring and fall bloom periods (O’Reilly and Zetlin, 1998).

Blooms in Rhode Island Sound begin when a critical light intensity threshold (about 40 langleys
per day) is reached (Riley, 1952). Blooms end as nutrients in surface waters decrease with the
onset of stratification in late spring and as grazing pressure increases. Fall blooms occur as
nearshore waters destratify and nutrients increase through water column mixing or regeneration
(O’Reilly and Zetlin, 1998). The extent of the fall bloom depends on the offset between nutrient-
enhanced growth and decreased light in the deepening mixing zone. Decreased zooplankton
grazing pressure also contributes to the fall bloom (Sherman ez al., 1987).
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Figure 3-36. Mean Water Column Chlorophyll a Concentrations by 2-Month Periods for
Areas (Tiles) in Rhode Island Sound (1977-1988 MARMAP Program).

Nuisance Phytoplankton Species in the ZSF: Several phytoplankters are called nuisance or
toxic-bloom species (Nelissen and Stefels, 1988; Paerl ef al., 1998) because they are poisonous
to fish and zooplankton, cause paralytic and diarrhetic shellfish poisoning in humans, or form
toxic red tides. Most marine nuisance species are dinoflagellates (Paerl et al., 1998). Anderson
et al. (1982) found overwintering cysts, which are linked to recurrent red tide blooms, of the
potentially toxic red tide species Alexandrium tamarense from nine estuaries in the vicinity of
Rhode Island Sound and concluded that the potential for outbreaks in the area was significant.
At least two additional nuisance species (Phaeocystis pouchetti and Gymnodinium sp.) occur in
Rhode Island Sound. Other toxic species (Olisthodiscus luteus, Dinophysis acuminata,
Amphidinium spp., and Gyrodinium aureolum) occasionally reach bloom concentrations in
Narragansett Bay and may occur in the nearby waters of Rhode Island Sound (Oviatt et al., 1989;
Hargraves, 1988).

A major bloom of a previously unidentified alga, Aureococcus anophagefferens, occurred in

1985 in Narragansett Bay and extended into Rhode Island Sound (Sieburth et al., 1988; Tracey,

1988). Populations of this small phytoplankter grew very dense (1 x 10° cells per mL in the
Tracey, 1988). The bloom, or “brown tide,” interfered
.caused shellfish mortalities, particularly mussels and
dverse effects on zooplankton, benthic larval
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abundance, anchovy fecundity, and kelp beds (Smayda and Fofonoff, 1987). Brown tide
outbreaks have continued to occur along the southern New England coast since 1985; however,
the reasons for the global increase in harmful bloom events remain unknown (Hargraves and
Maranda, 2002). The threat of toxic events increases with the spread of causative species and
may be related to subtle environmental changes that create conditions conducive to bloom
development.

Zooplankton

Holoplankton are usually the dominant form of zooplankton present in the ZSF. However,
meroplankton may predominate for a short time in summer when invertebrate larvae are
abundant.

Zooplankton Species Composition in the ZSF: The MARMAP surveys in southern New
England waters (1977-1988), used a large-mesh (333-micrometer [#m]) plankton net to collect
zooplankton; therefore, many smaller zooplankton such as Oithona spp., copepod nauplii, and
copepodites may be underrepresented in the survey data. These surveys, however, provide the
most comprehensive plankton composition data for the ZSF.

In southern New England waters, zooplankton biomass is greatest in the spring, when it
undergoes a two-step increase. The most rapid increase occurs from late winter to early spring,
with a secondary increase from spring through late summer. Biomass declines from summer
through fall. Sherman ez al. (1988) noted that many taxa (394) were represented in the shelf
zooplankton, but only 12 taxa, all copepods, comprised 85 percent of the dominance: Acartia
hudsonica, A. tonsa, A. longiremis, Calanus spp., Calanus finmarchicus, Centropages hamatus,
Centropages typicus, Metridia lucens, Oithona spp., Paracalanus parvus, Pseudocalanus
minutus, and Temora longicornis. In southern New England waters, three species
(Pseudocalanus minutus, Centropages typicus, and Calanus finmarchicus) accounted for

75 percent of the total dominance. Pseudocalanus minutus was the dominant copepod early in
the year, succeeded by C. typicus in the early summer. An important missing component was
Oithona spp., a cyclopoid copepod that is too small to be adequately sampled with the 333-um
mesh net. Other seasonably important zooplankton included the cladocerans (water fleas)
Penilia avirostris and Evadne nordmanni, baracle larvae, the chaetognath Sagitta elegans, and
decapod larvae.

In a 1959-1962 study in Rhode Island Sound near the mouth of Narragansett Bay, Martin (1965)
observed 26 species of copepods, 21 additional species of holoplankton, and 8 benthic taxa.
Copepods accounted for more than 70 percent of the zooplankton throughout the annual cycle.
Peak zooplankton occurrence (averaged by month) occurred in July, with a secondary peak in
October. Oithona spp. was the predominant copepod present, followed by Pseudocalanus
minutus, Microsetella norvegica, and Acartia hudsonica (Figure 3-37).



Figure 3-37. Relative Abundance of the Dominant Zooplankton Species or Groups at the
Mouth of Narragansett Bay.

Calanus finmarchicus and Centropages typicus were more abundant in the later surveys; Oithona
spp. was more abundant in nearshore waters but was most likely undersampled in the offshore
waters because of the large mesh size of the nets used there.

Durbin and Durbin (1988) summarized the status and trends for zooplankton in Narragansett
Bay. They noted that zooplankton communities in Narragansett Bay and adjacent areas behave
as a single entity with simultaneous changes occurring throughout the region. They concluded
that the zooplankton community of Narragansett Bay was similar to other open-water coastal
areas in the northeast, and that many of the species present in the Bay also occur in Rhode Island
Sound. The predominant copepods in Narragansett Bay were Acartia spp., Oithona spp.,
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The zooplankton community in the lower regions of Narragansett Bay was generally
representative of that occurring in the shallower regions of Rhode Island Sound. Durbin and
Durbin (1988) concluded that between 1950 and 1986, there were no major changes in
zooplankton composition or in the abundance of different taxa within the community. They
further noted considerable interannual variability among surveys and large seasonal variations in
the abundance of major taxa. There have not been more recent studies of similar sampling
intensity in the area. However, there is no reason to suspect that zooplankton species or
abundances in offshore waters are different now than in the mid- to late 1900s.

Seasonal Distribution of Zooplankton in the ZSF: Zooplankton abundance in the ZSF peaks
in early- or mid-summer and then declines as predation by benthic filter feeders and comb jellies
(ctenophores) increases. Within Narragansett Bay and, by inference, Rhode Island Sound,
ctenophore predation pressure was particularly prevalent during July and August (Hulsizer,
1976). Ctenophores were abundant from June to November 2000-2001 at a single station
sampled in Rhode Island Sound, with peak abundances from June through August (Klein-
MacPhee, 2003). The occurrence of gelatinous zooplankton may be increasing with ctenophores
now present throughout most the year, although abundances vary annually.

The abundance of meroplankton increases in spring as benthic organisms spawn. As summer
approaches, competition for limited food resources (phytoplankton or smaller zooplankton) and
increased seasonal grazing pressure cause zooplankton abundance to decrease during the late
summer to early fall. A second, brief increase in zooplankton abundance tends to accompany the
fall phytoplankton bloom.

Sherman et al. (1988) found that Pseudocalanus minutus was the most abundant copepod present
from winter through spring and that it was replaced by Centropages typicus from summer
through fall. The standing stock of Calanus finmarchicus peaked in early spring, was low during
the late spring and summer, and was more variable than for the other two species. Other
common late spring and summer zooplankton were cladocerans, echinoderm larvae, salps, and
barnacle larvae.

Oithona spp. occurred year-round in Rhode Island Sound near the mouth of Narragansett Bay,
with peak abundances in July through October (Martin, 1965). Pseudocalanus minutus was
present in all months, but most abundant from February through July. Microsetella norvegica
was most abundant in November but was not common throughout the summer. Acartia
hudsonica was present from November through July but absent during the summer and early fall.
In coastal waters, 4. hudsonica typically reached peak abundance during the spring and virtually
disappeared from the plankton community in late summer to fall (Conover, 1956; Durbin and
Durbin, 1981).

Although decapod larvae are not abundant zooplankters in Rhode Island Sound, their abundance
and survival in offshore areas may be linked to future recruitment success in adjacent estuaries.
Larvae developing in offshore waters are a potentially important component of recruitment to the
estuary. Maintenance of stable decapod populations of some commercially important species
within the adult estuarine habitat may depend on reinvasion by late-stage larvae or juveniles.
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Decapod larvae were present in Rhode Island Sound from May—October, with a peak occurrence
in July—August (Martin, 1965; Frolander, 1955).

Two dominant decapods in coastal waters from Nova Scotia to the mid-Atlantic Bight, including
the ZSF, are rock crab (Cancer irroratus) and Jonah crab (Cancer borealis). Clancy and Cobb
(1991) reported larval crabs in Block Island Sound in excess of hundreds per cubic meter in the
plankton. These values are at least three orders of magnitude greater than levels reported for
similar crab species elsewhere. The elevated abundances may be the result of unequal larval
mortality or some physical or behavioral mechanism. The elevated larval abundance suggested
that Block Island Sound may be a unique habitat for Cancer spp. larval populations.

Environmental Factors Affecting Zooplankton in the ZSF: In addition to competition and
predation, temperature, food availability, currents, and water column structure are important
controls of the temporal and spatial variability of zooplankton populations. Growth and
production rates in copepods depend on food availability and temperature. Temperature is
positively related to growth rate (Landry, 1975) and egg production (Uye, 1981) in copepods.
Checkley (1980) and Durbin er al. (1983) noted a positive correlation between copepod growth,
egg production, and phytoplankton biomass. Wishner et al. (1988) suggested that one possible
explanation for the aggregation of zooplankton into dense clusters, termed patches, may simply
be a response to high phytoplankton abundance leading to zooplankton population increases
through trophic interactions. Other possible explanations include physical concentrating
mechanisms (currents and weather fronts), species-specific swarming, and elevated predation
outside the patch.

Sullivan (1993) clearly demonstrated that the presence of a pycnocline has important effects on
coastal zooplankton populations independent of temperature effects. Stratified waters were
associated with high abundance of cyclopoid copepods, such as Oithona spp., which are more
typical of intermediate to offshore waters. Calanoid species were typically present in well-mixed
water columns and were considerably less abundant.

Lamoureux (1967) found that among 16 stations in Block Island Sound in July 1967, the highest
displacement volumes (measures of abundance) were in the northeast section; and the lowest
displacement volumes were at the southern and southwestern edge of Rhode Island Sound. The
reduced plankton volumes at the southwestern edge of Rhode Island Sound were believed to be
associated with the higher current speeds there (Lamoureux, 1967). The species composition in
Block Island Sound was the same as that from a single station close to the mouth of Narragansett
Bay (Martin, 1965).

In summary, the phytoplankton and zooplankton populations within the ZSF fluctuate annually
and seasonally. Phytoplankton species and abundance are affected by environmental factors
such as water temperature, nutrient abundance, and water column turbulence and stratification.
Phytoplankton populations within the ZSF are influenced by the presence of certain zooplankters
and the grazing of those zooplankton on the existing phytoplankton species. Zooplankton
populations are also influenced by some of these factors. Additionally, the presence of various
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finfish that prey upon zooplankton influences the zooplankton species that are present within the
ZSF and their abundances.

3.8.2 Alternative Sites

There have not been any recent studies specifically examining the phytoplankton or zooplankton
communities at either of the two alternative sites. Each site is located within the open waters of
the ZSF, where the primary factors controlling fluctuations in plankton communities are water
temperature, nutrient abundance, water column turbulence and stratification, and the presence of
predators. 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 ZSF.

3.9 BENTHIC INVERTEBRATES [40 CFR SECTIONS 228.6(a)(2) AND 228.6(a)(9)]

The benthic community refers to those invertebrate organisms (e.g., mollusks [clams],
crustaceans [crabs], polychaetes [worms], etc.) that live on or within the bottom substrate.
Benthic invertebrates represent an important biological community that interacts closely with
both pelagic (open water) communities in the overlying water (Steimle et al., 1994) and with the
physical environment. Benthic communities are particularly useful for evaluating the effects of
physical disturbances because their constituents are relatively immobile, thus providing only a
local measure of impact. In addition, many benthic organisms, especially crustaceans, are very
sensitive to anthropogenic impacts (Thomas, 1993; Conlan, 1994). The condition and diversity
of the infaunal community, typically defined as the organisms inhabiting the sediment from its
surface to a depth of about 4 inches, is particularly useful as an indicator of anthropogenic
impacts. Also of interest are the larger animals, or megafauna, that typically burrow deep into
the sediment (sea anemones) or roam its surface (crabs). This section focuses primarily on the
infaunal benthic community, but also provides information about some key megafaunal species.
Commercially and recreationally important shellfish (e.g., clams, mollusks, lobster) are
discussed in Sections 3.11 and 3.12.

3.9.1 Rhode Island Region ZSF

Consideration of the benthic communities in the ZSF focused on three geographic areas: coastal
Rhode Island, Block Island Sound, and Rhode Island Sound (see Figure 3-1). Information about
the general condition of the benthos in the ZSF was derived primarily from several studies
conducted since the late 1960s. No large regional studies have been conducted to characterize
benthic communities in the entire area; however, a number of studies have focused on specific
locations within the ZSF, including recent benthic characterizations at four locations in support
of this Final EIS (Corps, 2002f; Corps, 2003g). The following sections discuss three studies as
they pertain to the condition of benthos present in the ZSF.

Coastal Rhode Island

The Rhode Island coastal offshore area is a shallow part of the ZSF consisting primarily of sandy
bottom (Figure 3-15). Studies conducted after a 1996 North Cape oil spill west of Point Judith
described nearshore habitats as being dominated by rocky glacial moraines interspersed with
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small sediment patches, extending seaward about 2.2 nmi (Cobb et al., 1999). The oil spill,
while disastrous, provided a unique opportunity to estimate the total population abundances for
several important invertebrates living in the affected habitats. Cobb et al. (1999) estimated that
the American lobster (Homarus americanus) population before the spill was about 1.7 lobsters
per square meter (m°) in an area from Point Judith to about Charlestown Breachway, Rhode
Island. The rocky habitat would also house populations of rock crabs (Cancer irroratus) and
hermit crabs (Pagurus spp.). Rock crab densities were estimated at 3.4/m’ at impacted areas and
6.7/m’ at a control area (Cobb et al., 1998, as cited in French, 1998). French estimated total
mortality of these two groups at about 20 million. Sediment patches in the area supported
significant populations of surf clams (Spisula solidissima) and benthic macroinvertebrates
(mainly worms and amphipods), as shown by the estimated numbers of mortalities resulting from
the spill: 75 million surf clams and about 17 billion macroinvertebrates (French, 1998).

Block Island Sound

The National Marine Fisheries Service (NMFS) conducted surveys in February and September
1976 to collect data on the infaunal communities in Block Island Sound (Steimle, 1982). Nine
stations, six of which were located within the ZSF, were sampled to represent major habitats in
Block Island Sound. The portion of Block Island Sound in the ZSF consisted primarily of a
broad plain west-northwest of Block Island that was about 100 ft deep and made up mostly of
poorly sorted sands (Steimle, 1982). Along the western boundary of the ZSF, depth varied more,
descending to a 174-ft deep depression south of Watch Hill Point. The most prominent feature at
the southern edge of Block Island Sound was Block Channel, a 184-ft-deep gorge bisecting the
submerged ridge between Montauk Point and Block Island (Steimle, 1982).

Steimle (1982) found that the primary constituents of the infaunal communities in the broad plain
west of Block Island and the deeper region near the boundary of the ZSF were the amphipods
Ampelisca agassizi and A. vadorum and the nut clam Nucula proxima (now known as

N. annulata). Sediments at the stations where these animals were found were primarily silty-
sand or sand. In a later study based on fisheries data collected in the 1980s, Steimle (1990a)
reported a very similar community at a station just west of the ZSF boundary, dominated by

N. annulata, A. agassizi, and the bamboo worm Clymenella torquata. Other stations in the ZSF
had coarse sand to gravel sediments. The deep station in Block Channel was characterized by
the amphipod Byblis serrata and the worm Spirorbis borealis. Steimle described the fauna as
generally similar to that within the Middle Atlantic Bight. Steimle further mentioned that the
similarity between his study and previous ones suggests that the Ampelisca community has been
prevalent in Block Island Sound since the 1940s and that natural fluctuations in infaunal
populations are minor compared to those in other regions of the Bight.

Rhode Island Sound

Studies of the benthos in the Rhode Island Sound portion of the ZSF have been primarily small
in scale and restricted in focus. There have been no large-scale, sound-wide studies of the
benthos. The data used here to characterize the benthos of Rhode Island Sound were derived
from two main research areas: fisheries-related studies conducted by the NMFS that began in the
1970s, and studies since the 1960s relative to dredged material disposal at Site 16. The fisheries
studies (Steimle, 1990a) typically included few stations in the ZSF but still provide some useful
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information. The studies focused on dredged material disposal have been concerned with two
major activities and, although restricted in geographic scope, included the predominant habitat
types found in Rhode Island Sound. Field studies conducted in support of the Providence River
and Harbor Maintenance Dredging Project (Corps, 1997) as well as those conducted in support
of this Final EIS (Corps, 2002c; Corps, 2002f) have provided data about benthic communities
and habitats within Rhode Island Sound.

The sedimentary habitats in much of Rhode Island Sound were described by Knebel e? al. (1982)
and are discussed in detail in Section 3.2.1. With respect to benthic biology, Knebel et al.
identified four main habitats. The first is characterized by irregular topography and is restricted
to waters shallower than 105 ft located off Newport, Rhode Island. It consists of bedrock
outcrops that have been exposed by erosion or where sediments have not been deposited. The
second habitat includes boulder areas, representing relict glacial moraines, interspersed with
coarse sediments that extend from Point Judith toward the southeast; this type of habitat also
occurs in the southeast corner of the area studied by Knebel et al. A third habitat represents
sediments that have undergone considerable reworking and are predominantly sand with
scattered gravel. This habitat covers about one-third of the study area. Large ripples in the sands
in this habitat indicate some degree of sediment movement. This habitat type occurs chiefly in
the flanks of the ridge off Point Judith and other topographic elevations. Probably most
important is the fourth area, a region of silty sediment, representing a depositional area; this
habitat covers much of the western portion of Rhode Island Sound. Infaunal animals mainly
inhabit the latter two habitat types, whereas megafaunal animals may occur in all habitats.

In the absence of large-scale surveys, the scattered, local-scale studies can be coupled with the
four habitat types to develop an overall picture of the infaunal communities that may exist in
Rhode Island Sound. A direct comparison of infaunal abundances and numbers of species
among the various studies cannot be done because of the variety of equipment used to collect and
process samples. Nonetheless, the information does provide an adequate representation on the
infaunal communities in the ZSF.

The earliest benthic community studies were conducted a short distance off the town of Newport
at Site 16 in the 1970s. The benthic community at Site 16 and the effects of dredged material
disposal on the benthos were studied in a series of three reports: Saila et al. (1969), Saila et al.
(1971), and Pratt et al. (1973). Later, Pratt et al. (1975) studied the area around Browns Ledge,
part of a glacial moraine located about 10 nmi southeast of Site 16. Early studies conducted
under the Corps DAMOS program included quantitative infaunal data based on dredge and grab
samples (Corps, 1979). Subsequent Corps programs monitored Site 16 primarily with SPI
(Corps, 1997; Corps, 2002c). Some of the profiling surveys conducted in the late 1990s and
early 2000s included other parts of Rhode Island Sound that were being considered as alternative
disposal sites for material from the dredging of Providence River Navigation Channel. The most
recent benthic survey, which was conducted in support of this Final EIS, also identified benthos
present in Rhode Island Sound (Corps, 2002f).

Pratt (1971) identified four major faunal groups in and near Site 16. Although the faunal groups
had distinctive features, generally there were not sharp boundaries separating them, and often
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species typical of one assemblage were found where another assemblage was predominant. Two
of the communities were found on natural sand substrates on the seafloor, a third typified silty
bottom areas, and the fourth occurred on the dredged material disposed at Site 16. All of the
studies of Rhode Island Sound conducted since 1971 have found essentially the same types of
faunal groups on the natural sediments, although occasionally reporting slight variations. One of
the sand community types reported by Pratt (1971) characterized the clean medium sand found
east and north of Site 16. The distinguishing taxa were the suspension-feeding amphipod

B. serrata, several other small crustaceans, and the sand dollar (Echinarachnius parma). This
community type occupied a small set of the area studied.

The second infaunal sand community described by Pratt (1971) was found in the area
surrounding Site 16. Silty sands were found in this area, and the community there was
overwhelmingly dominated by the tube-dwelling amphipod 4. agassizi, which formed large tube
mats covering the seafloor. Other amphipod species in the community included B. serrata,
Unciola irrorata, Leptocheirus pinguis, Orchomenella pinguis, and Phoxocephalus holbolli.
Many species of polychaete worms were present, but clams were uncommon.

The silty sediment fauna differed markedly from the sand fauna. Typical species on silty
bottoms were suspension-feeding and deposit-feeding clams such as Pitar morrhuanus and
Nucula annulata, respectively, and deposit-feeding polychaete worms such as Lumbrineris
fragilis, Pherusa affinis, and Clymenella torquata.

Pratt et al. (1975) found the general sand, silty-sand communities in the area near Browns Ledge.
All of the samples were dominated by A. agassizi. Byblis serrata was common only where the
sand content exceeded 90 percent. The nut clam N. annulata was common only at stations where
there was a significant sand fraction, but the silt-clay content exceeded 15 percent. The
polychaete deposit-feeding (or occasionally carnivorous) worm Nephtys incisa was present at the
higher silt-clay stations but was not one of the numerically dominant species. The bamboo worm
C. torquata, which feeds well below the sediment surface, was common at stations having very
coarse sediments.

A recent study conducted at three locations in the central ZSF (Site 18, Site 69A, and Site 69B
[see Figure 3-2]) identified the prevalence of the general sandy, silty-sand faunal assemblages
(Corps, 2002f). Most samples were characterized by the Ampelisca agassizi-Nucula annulata
fauna typically found where sediments were primarily sandy but had some fine component
present. At the few stations where the sand fraction exceeded 90 percent, the Byblis serrata
assemblage was present. The separation between these two faunal groups was apparent at each
of the sites. This observation indicated that the patchiness of the sediment regime existed at a
scale much smaller than that shown by the data collection scale used in the habitat study by
Knebel et al. (1982). As Pratt et al. (1975) found at Browns Ledge, Nephtys incisa was present
at the higher silt-clay stations but was not one of the numerically dominant species.

Information from the several studies of Site 16 allowed for some estimation of the recovery of
the area in the 30 years since disposal ceased. An evaluation using the studies was limited
because of the different sampling approaches, sampling stations, and equipment. Still, some
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generalizations were made. Pratt (1971) stated that the fauna inhabiting the dredged material
immediately after disposal included several species that may have been transported to Site 16
during the disposal process. Included among these were the polychaete worm N. incisa (~110 to
390/m?), the clam Mulinia lateralis (~120 to 170/m?), and the detritus-feeding snail Nassarius
trivittatus, although the latter species was uncommon. The polychaete worm Tharyx acutus was
very common at one station on the mound (~8 10/m?). Amphipods were generally absent. Total
abundance at the station directly on the mound was low, ~600 to 3,200/m?.

Some colonizers of the disposal mound immigrated from nearby areas and were more abundant
on the mound than in their usual habitats. These species included deposit-feeding polychaete
worms (Eteone longa and Prionospio steenstrupi), surf clams (Spisula solidissima), and
lophophorate “worms” (Phoronis architecta). Pratt theorized that many of the species
introduced during the disposal process would not establish viable populations in Rhode Island
Sound because they were primarily adapted for life in brackish waters having high organic
content. However, a subsequent study showed that Nephtys incisa (~2 10/m?), Mulinia lateralis
(~140/m?), and Tharyx acutus (~730/m?) still characterized the mound. Amphipods were present
but were still rare. By 2001, the situation had changed dramatically (Corps, 2002f). Two
stations sampled that were likely on at least part of the old disposal mound had a faunal
assemblage that was characterized by Byblis serrata, which typically occurred primarily on sand.
The presence of this fauna showed that the disposal mound has undergone surface winnowing of
the fine sediments during the years between studies. Nephtys incisa and M. lateralis were not
found at these stations. Tharyx acutus was present at a density (~900/m?) similar to that found
earlier, but its abundance relative to other worms was much less as many other species had
colonized the area. At two stations off the mound, the Ampelisca agassizi-Nucula annulata
assemblage was stronglg dominant. Tharyx acutus was abundant (~2,800/m?), Nephtys incisa
was uncommon (~75/m"), and M. lateralis was absent. Several species thought to represent
mature community conditions (e.g., deep deposit feeders such as C. torquata) were present.
Many species of worms, mollusks, and crustaceans inhabited the area in 2001. Thus, although
the time scale cannot be defined adequately, the disposal mound appeared to have become part of
the “natural” habitat.

Data on megafaunal species in Rhode Island Sound, other than those of commercial importance,
are scarce. Information on the distribution of two commercially important clams (ocean quahogs
and surf clams) and lobster are discussed in Sections 3.11 and 3.12, respectively. The other main
megafaunal species that frequent Rhode Island Sound, and about which some information is
available, are rock crabs (Cancer irroratus) and Jonah crabs (C. borealis). Many other
megafaunal animals occur in the ZSF, most notably northern lady crabs (Ovalipes ocellatus),
hermit crabs (Pagurus spp.), large burrowing sea anemones such as Ceriantheopsis americanus,
and sand dollars (Echinarachnius parma).

The rock crab occurs from Labrador to Miami, Florida (Williams and Wigley, 1977). Rock
crabs occur at depths of 20 to 1,496 ft on sand or sand/gravel bottoms (Stehlik et al., 1991) and
are expected to occur in most parts of the ZSF. Rock crabs migrate considerable distances,
moving offshore during the warmer months of the year and traveling inshore in winter. Stehlik
et al. (1991) speculate that the crabs moved shoreward in winter to feed in the absence of major



Final Environmental Impact Statement for the
Rhode Island Region Long-Term Dredged October 2004
Material Disposal Site Evaluation Project Page 3-70

competitors, blue crabs (Callinectes sapidus) and lady crabs, both of which are dormant in
winter. The data used by Stehlik et al. were from NMFS groundfish and clam surveys from
1978 to 1987, and included only a few tows in the ZSF. Rock crabs were most abundant in the
ZSF in the fall (there were no winter tows in the ZSF). Although rock crabs occur in a variety of
habitat, Auster et al. (1995) found that they commonly use small depressions in the sand made
by other animals. There is little specific information about the abundance of rock crabs in the
ZSF. The oil spill study estimated rock crab abundances at about 3 to 7 crabs/m” near the shore
west of Point Judith (Cobb et al., 1998, as cited in French, 1998).

Jonah crabs range from Nova Scotia to southern Florida and primarily inhabit rocky bottoms,
overlapping little with the rock crab (Williams and Wigley, 1977; Williams, 1984). Jonah crabs
are generally less abundant than rock crabs and typically do not venture into very shallow waters
(Stehlik ez al., 1991). They travel inshore during summer months and offshore in the winter.
Stehlik et al. (1991) reported Jonah crabs in the ZSF during the spring, summer, and fall (there
was no winter sampling).

Northern lady crabs are found from Prince Edward Island to Georgia and they inhabit inshore
shelf areas at depths <89 ft, where they are typically is found on fine to medium sand or on
gravelly sand (Williams and Wigley, 1977, Stehlik et al., 1991). Although not recorded by
Stehlik et al., northern lady crabs likely occur in Rhode Island Sound given their distribution
range and the fact that they have been recorded in Narragansett Bay (Williams, 1984).

Several species of hermit crabs (Pagurus spp.) occur in the general area (Williams and Wigley,
1977), but there is very little information about their distribution in Rhode Island Sound.

Large burrowing sea anemones (Ceriantharia) are common in coastal waters from Nova Scotia to
Cape Hatteras (Shepard et al., 1986). Anemones such as Ceriantheopsis americanus and
Cerianthus borealis live in permanent, semirigid tubes. These carnivorous feeders consume
small animals that are passively captured by stinging cells in their tentacles. Burrowing
anemones inhabit silty-sand sediments with good water movement, which enhances their feeding
abilities (Shepard et al., 1986). Large burrowing anemones are captured occasionally in benthic
sediment samplers. Battelle (Corps, 2002f) recorded 67 individuals among the 74 sediment
samples collected. Most of these occurred in the vicinity of the historic disposal site at Site 16.
However, because of their size, large burrowing anemones can not be adequately sampled with
grab samples, so it is difficult to characterize anemone abundance in Rhode Island Sound.

Sand dollars (E. parma) predominantly occur on the sediment surface of coastal benthic
communities that are comprised of fine to medium sand. Steimle (1990b) analyzed the life
history patterns of sand dollars by using NMFS trawl data collected from 1978 to 1985 along the
Middle Atlantic Bight and Georges Bank. Steimle determined that the average sand dollar
lifespan is about 8 years and that recruitment into populations occurs primarily in winter to early
spring, but can vary with geographic location. Steimle’s study included one station in Block
Island Sound and one station near Point Judith but did not include specific abundance data for
those sites. Battelle (Corps, 2002f) found about 340 sand dollars/m” in the vicinity of Site 18;
most of which were relatively small individuals.
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Studies conducted in the ZSF in 2001 have shown that the benthic communities are very similar
(Corps, 2002f) to what they were at least 30 years ago (Pratt ez al., 1973) and perhaps longer
(Steimle, 1982). This includes Site 16, which has recovered from disposal in the late 1960s. The
primary infaunal community type within the ZSF is characteristic of the open water, primarily
sandy areas found along the northeast Atlantic coast of the United States that are not heavily
influenced by pollution. Any differences among the communities found in the ZSF and those to
the north or south were primarily related to natural biogeographic differences rather than being
attributable to any particular characteristics of the ZSF. The ZSF does not contain any unusual
or distinctive infaunal community or habitat type. Although much less information is available
about the megafaunal communities in the ZSF, the animals described in the previous paragraphs
typically range over a considerable portion of the North American Atlantic coast. No
megafaunal animals occur uniquely in the ZSF.

3.9.2 SiteE

Site E is located in an area generally characterized as having reworked sediments (Knebel et al.,
1982). SPI images taken in 2003 indicated that the sediments at Site E were predominantly
medium to silty/fine sands (Table 3-11), whereas many stations in the nearby area had coarse
sediments, often with a cobble-to-gravel component. Grain-size analyses based on samples
collected during the July 2003 sediment survey showed that the Site E stations were primarily
sands (90 percent). Stations from the nearby area had a lower proportion of sand (77 percent)
but also included a considerable gravel component (10 percent). The TOC content of the
sediments from all stations within and near Site E were very low, ranging from 0.1 to 0.6 percent
(Corps, 2003f). Mean values were similar among stations from the site and the nearby area
(Table 3-11).

SPI data were obtained from 15 stations within Site E and from 42 nearby stations. Analyses of
the SPI data generally indicated that habitat quality in Site E and the nearby area was variable,
but generally good. Primary evidence for this conclusion was the variability in the average
Organism-Sediment Index (OSI) values calculated for the site, ranging from 5.0 to 10.0 (mean =
8.2), and the nearby stations, ranging from 4.0 to 11.0 (mean = 8.5) (Table 3-11). The
successional stages evident in the profile images showed that the community was somewhat less
developed within Site E (primarily Stages I-II) compared to that in the nearby area (primarily
Stages II-III). No anoxic sediments or gas voids were found in the area.

The infaunal communities found within Site E and in the nearby area during the recent sediment
characterization surveys conducted in support of this Final EIS were very similar (Corps, 2003f).
The number of infaunal animals (see the text box “Ecological Parameters Used to Characterize
Infaunal Communities™) within each area in July 2003 was relatively high, with about

35,000 individuals/m’ found within Site E and about 38,000 individuals/m? occurring within the
reference area (Table 3-11). The average numbers of species found in the disposal and reference
site samples were 60 and 62, respectively. These sets of relatively high values were reflected in
the relatively high Shannon-Wiener diversity (/) values calculated for the Site E samples.
Evenness values were moderately high in the site and at the reference station (0.67, 0.64).
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Table 3-11. Comparison of the Sedimentary and Biological Characteristics of Site E
(July 2003).
Parameter | Site E' | Nearby Area’
Sediment Features
Gravel (%) 2 10
Sand (%) 90 77
Fines (%) 8 13
TOC (%) 0.22 0.34
SPI Features
Grain Size (modal category) Medium-silty/fine sand Silty/fine sand—cobble
Prism Penetration (cm) 33-9.1 0.0-10.9
Dominant Surface Processes Physical/Biological Physical/Biological
RPD Depth (cm) >3.3->5.8 >1.2-79
Successional Stage I-11, I1I I-II, III
OsI 7.0-10.0 4.0-11.0
Infaunal Community Features
Average Abundance (#/sample) 1,392 (~34,800/m?) 1,512 (~37,800/m?)
Average Species (#/sample) 60 62
Average Diversity (H) 39 3.8
Average Evenness (J) 0.67 0.64
Ten Most Abundant Taxa’® Nucula annulata Nucula annulata
Polygordius sp. A Polygordius sp. A
Tharyx acutus Ampelisca agassizi
Exogone hebes Ericthonius fasciatus
Nucula delphinodonta Eudorella pusilla
Byblis serrata Nucula delphinodonta
Eudorella pusilla Exogone hebes
Euchone incolor Ampharete lindstroemi
Ericthonius fasciatus Scoletoma hebes
Ampelisca agassizi Aricidea catherinae

Source: Corps, 2003f; Corps, 2003h

OSI = Organism-Sediment Index; RPD = Redox Potential Discontinuity

! Five sediment stations; average of values shown. Fifteen SPI stations; range of values shown.

? Thirteen reference stations; average of values shown. Forty-two SPI stations; range of values shown.
? In order of decreasing abundance.

The small deposit-feeding clam Nucula annulata was the most abundant infaunal organism
among the Site E and nearby area samples (Table 3-11). This species and a closely related
species (N. delphinodonta) accounted for about 31 percent of the fauna identified from Site E
and the nearby area in July 2003 (Corps, 2003f). The density of N. annulata among all samples
collected in July 2003 in and around Site E was about 9,125 individuals/m®. Other numerically
important species were three polychaete worms: Polygordius sp. A, Tharyx acutus, and Exogone
hebes. Small crustaceans such as Byblis serrata, Eudorella pusilla, Ericthonius fasciatus, and
Ampelisca agassizi were relatively abundant in the area. In general, the infaunal community in
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Site E was very similar to that found in the nearby area and was typical of the open-water silty-
sand/sand communities found in Rhode Island Sound.

Ecological Parameters Used to Characterize Infaunal Communities

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 no single metric can adequately
characterize a sample, several should be 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-Wiener 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 0 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 H’values for marine infaunal communities are between 6.0 and 7.0
for very diverse tropical communities. Maximum values for southern New England communities are
generally <5.0.

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.
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Interpretation of Sediment Profile Imaging to Characterize Benthic Habitats

Sediment profile imaging (SPI), pioneered in the early 1970s, is a common technique used to evaluate soft-
bottom benthic habitats. Its principal purpose is to provide photographic documentation of the relationship
between infaunal organisms and their sedimentary habitat. SPI images are photographs of a vertical section of
the seafloor captured by deploying a 35-mm camera housed atop a wedge-shaped prism that penetrates several
centimeters (cm) into the bottom sediments. The prism has a clear faceplate at the front with a mirror placed at a
45-degree angle at the back to reflect the image from the faceplate to the camera lens above. The prism has an
internal strobe to illuminate the image. This wedge assembly is mounted on a movable carriage within a
stainless steel frame. When interpreting SPI, several specific features are particularly useful in evaluating the
quality of the habitat:

Sediment Grain Size—determined by comparing site-specific images with a set of standard images for which
mean grain size has been determined in the laboratory. The sediment type descriptors follow the Udden-
Wentworth size class system (e.g., clay, sand, gravel, etc.). Data are reported as phi units, which indicate
approximate particle size and typically range from 4 (fine) to <1 (coarse).

Apparent Color Redox Potential Discontinuity (RPD) Layer—an estimate of the depth of the boundary
between oxidized and anoxic sediments. It is called the apparent RPD because it is a visual estimate based on
differences in the reflectivity or color of oxidized and anoxic sediments and is not an actual measurement of the
RPD depth, which must be made with an Eh electrode. The depth of the RPD in the sediment increases as the
amount of sediment movement by infaunal organisms (called bioturbation) increases. Habitats considered to be
of good quality have relatively deep (>2 cm) RPD layers.

Infaunal Community Successional Stage—based on the hypothesis that after a disturbance, infaunal organisms
will recolonize a habitat in a predictable sequence leading from the early colonizing stage to the final climax
community. The community is classified as Stage I if it consists primarily of dense assemblages of small
polychaete worms that move into an area soon after disturbance. Stage Il is the transitional stage between the
colonizing and climax communities and consists of tube-dwelling amphipods such as Ampelisca spp. Stage III
represents the mature, climax community consisting of polychaete worms (e.g., maldanid worms) that feed in
deeper parts of the sediment and deposit waste material near the sediment surface. In practice, analysis often
detects the presence of more than one stage in an image, with the resulting data being classified as Stage I on III
or Stage II on III

Organism-Sediment Index (OSI)—a summary statistic calculated from four SPI parameters: the apparent RPD
depth, the community successional stage, the presence/absence of methane gas voids, and the presence/absence
of low DO conditions. The index was developed in the 1980s to map disturbance gradients in estuarine habitats.
OSI values range from —10 to +11, with higher values indicating better habitat quality. An OSI value of 6 is
generally used to indicate whether a community has recently experienced some type of disturbance, with values
less than 6 indicating the influence of disturbance.

3.9.3 Site W

Site W is located in an area of Rhode Island Sound generally characterized as sandy with
reworked sediments (Knebel et al., 1982). SPI images taken in 2001 indicated that the sediments
at Site W and the nearby area were predominantly fine-grained, with some areas of coarse
material such as cobbles or pebbles (Table 3-12). Grain-size analyses based on samples
collected during the sediment survey conducted in September 2001 showed that the stations
within Site W had primarily sandy sediments (75 percent), although two stations had a very high
gravel component (37 and 49 percent). Only one station had a high fine-sediment fraction

(38 percent).
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Table 3-12. Comparison of the Sedimentary and Biological Characteristics of Site W
(September 2001, July 2003).

Parameter Site W' ] Adjacel;t Area’ ; ~ Area West anﬂ North®
Sediment Features : T
Gravel (%) 12 7 8
Sand (%) 75 86 63
Fines (%) 13 7 30
TOC (%) 04 0.2 0.5
SPI Features
.o Silty/fine sand- . .
Grain Size (modal category) pebbles Silty/fine sand Silty/fine sand—cobble
Prism Penetration (cm) 1.4-143 1.1-99 0.2-7.6
Dominant Surface Processes Physical/Biological Physical Physical
RPD Depth (cm) 0.9-2.6 1.2-33 1.1->7.1
Successional Stage I, II-I1I I, I-I1I I-11, I1-I11
OSI 4.0-9.0 3.0-10.0 4.0-10.0
Infaunal Community Features
Average Abundance (#/sample) 1,298 (~32,450/m’) 989 (~24,725/m’) 1,175 (~29,375/m’)
Average Species (#/sample) 53 46 57
Average Diversity (H") 34 34 3.7
Average Evenness (J) 0.59 0.62 0.64
Ten Most Abundant Taxa* Nucula annulata Ampelisca agassizi Nucula annulata
Ampelisca agassizi Polygordius sp. A Ampelisca agassizi
Oligochaeta Nucula annulata Crassicorophium
Tharyx acutus Eudorella pusilla crassicorne
Eudorella pusilla Exogone hebes Eudorella pusilla
Polygordius sp. A Tharyx acutus Exogone hebes
Byblis serrata Goniadella gracilis Unciola irrorata
Exogone hebes Oligochaeta Crenella decussata
Levinsenia gracilis Spiophanes bombyx Nucula delphinodonta
Nucula delphinodonta Byblis serrata Tharyx acutus
Ericthonius fasciatus

Source: Corps, 2002c; Corps, 2002f; Corps, 2003f;, Corps, 2003h
OSI = Organism-Sediment Index; RPD = Redox Potential Discontinuity
! Nine sediment stations sampled in 2001; average of values shown. Nine SPI stations sampled in 2001; range of

values shown.

2 Seven reference stations sampled in 2001; average of values shown. Nine SPI stations sampled in 2001; range of

values shown.

3 Ten reference stations sampled in 2003; average of values shown. Twenty SPI stations sampled in 2003; range of

values shown.

* In order of decreasing abundance.
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Sediments collected from the area adjacent to Site W in 2001 had a grain-size composition that
was generally similar to that of the Site W stations. However, the area west and north of Site W
that was sampled in 2003 had a somewhat different composition. Sediments were still primarily
sandy (63 percent), but had a much higher fine fraction (30 percent), which may be related to the
recent disposal of dredged material at Site W. TOC content among all sediments in and near
Site W was very low, ranging from 0.3 to 0.8 percent.

SPI data were obtained from nine stations within Site W sampled in 2001 and several nearby
stations sampled in 2001 and 2003. Analyses of the SPI data generally indicated that habitat
quality in Site W and in the nearby area was moderately variable. Primary evidence for this
conclusion was the variability in the average OSI values calculated for the site, ranging from 4.0
to 9.0 within the site, and from 3.0 to 10.0 in the area near the site (Table 3-12). The
successional stages evident in the profile images showed that the communities within Site W and
in the nearby area were similarly developed (primarily Stages I and I-III or II-III). No anoxic
sediments or gas voids were found in the area.

Additional SPI data were derived from a survey conducted in Site W and the surrounding area in
October 2003 (Corps, 2004a). This survey was part of a series of surveys designed to monitor
the effects of the disposal of material dredged from the Providence River and Harbor on the
benthic conditions in the site. Disposal of dredged material from Providence River and Harbor
began in April 2003. The report documented the north-south disposal of material along the
western side of Site W (from excavated CAD cell material used to build a containment ridge)
and in the southeast quadrant of the site. Additional SPI data showed a disposal trail located
about 450 m west of the site boundary, an area of fishing trawl scars to the west of Site W, and a
sediment transition area to the north west of Site W.

Evidence of recently deposited dredged material was present in all 10 SPI stations sampled
within Site W. The material was recognized as silty sand with interspersed white clay and black
sulfidic mud. Several of the images showed an overlying layer of fine sand that was likely
deposited during a hurricane that passed through the region in the early fall (Corps, 2004a).
Average OSI values ranged from 2.0 to 8.5, with those at most stations being <6.0. The
relatively high OSI values at stations where dredged material was recently deposited may have
been related to the storm-deposited sand layer. These stations had deeper RPD depths than those
Site W stations that consisted only of dredged material. Because the RPD depth is a key
component of the OSI calculation, the deeper RPD depths associated with sands (physical
diffusion is greater in sand than in mud) likely artificially inflated the OSI values. The
successional state of the benthos in Site W primarily consisted of early colonizers (Stage I),
although some later stage animals (Stage III) were occasionally present. Despite the recent
disposal of dredged material, no low dissolved oxygen conditions or gas voids were found.

Samples collected from the disposal trail located west of Site W showed the presence of recently
deposited dredged material (Corps, 2004a). The narrow (<35 m wide) disposal trail probably
occurred as tugs left the disposal area before barges were completely closed. The material
consisted of fine-grained silty sand with occasional patches of white clay. OSI values in this
area ranged from 5.0 to 8.0. Most stations showed evidence of successional Stage I and Stage III
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organisms. No low dissolved oxygen conditions or gas voids were found in the trail. The effects
of this disposal were also revealed by the infaunal community analyses as discussed below.

SPI data from trawl scars and in a transition area northwest of Site W showed that benthic
habitats probably reflected normal ambient Rhode Island Sound conditions (Corps, 2004a). No
dredged material was evident in either location. Average OSI values ranged from 5.7 to 11.0 in
the trawl scar area and from 4.0 to 7.0 in the transitional area. Successional Stage I and Stage III
organisms were present in both areas, and Stage II organisms also occurred in the trawl scars.
No low dissolved oxygen conditions or gas voids were found in either area. :

The infaunal communities found within Site W and in the nearby areas during the 2001 and 2003
sediment characterization surveys were very similar (Corps, 2002f; Corps, 2003f). The number
of infaunal animals within each area was moderate to relatively high, with about 32,000
individuals/m? found within Site W, about 25,000 individuals/m? occurring among the stations
just outside Site W that were sampled in 2001, and about 29,000 individuals/m? found in the area
north and west of the site sampled in 2003 (Table 3-12). The average numbers of species found
in the Site W samples (sampled in 2001), nearby samples (sampled in 2001), and samples to the
north and west (sampled in 2003) were 53, 46, and 57, respectively. These sets of moderately
high values were reflected in the moderately high Shannon-Wiener diversity (H’) values
calculated for the Site W and nearby area samples (Table 3-12). Evenness values were moderate
at the Site W stations and at the nearby stations (0.6) (Table 3-12).

Two of the three most abundant species co-occurred at all three locations: the small clam Nucula
annulata and the tube-dwelling amphipod Ampelisca agassizi. The relative contribution of these
two taxa to the total abundance of the infauna (identified to species) was similar in 2001

(49 percent) to that in 2003 (48 percent). The density of N. annulata among all area samples was
about 6,850 individuals/m? for samples collected in 2001 and about 8,450 individuals/m? for
samples collected in 2003. Other numerically important species in 2001 were three polychaete
worms (Polygordius sp. A, Tharyx acutus, and Exogone hebes) and small crustaceans such as
Byblis serrata and Eudorella pusilla. In 2003, other common taxa included the crustaceans
Crassicorophium crassicorne, Eudorella pusilla, and Unciola irrorata, and additional clam
species (Crenella decussata, Nucula delphinodonta). In general, the infaunal community in

Site W was very similar to that found in the nearby area and was typical of the open-water silty-
sand/sand communities found in Rhode Island Sound. However, cluster analyses performed
combining the 2001 and 2003 data (Corps, 2003h) indicated that eight of the samples collected
west and north of Site W in 2003 were more similar to each other than to any of the other
samples collected in 2001 or 2003. This probably reflects changes to the local infaunal
community caused by the disposal of residual dredged material outside of Site W as barges
departed the area (Corps, 2004a), rather than indicating effects directly related to the disposal of
dredged material within Site W.

3.10 FISH [40 CFR SECTIONS 228.6(a)(2) AND 228.6(a)(9)]

Finfish species found within the ZSF can be divided into two categories: (1) bottom-dwelling, or
demersal species, such as flounder and cod, and (2) pelagic species that live and feed in the water
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column, such as herring, squid, and bluefish. Finfish species present in the ZSF are discussed in
this section. Squid, which are pelagic invertebrates, share similar habitats and behavior with
finfish and are an important commercial fishery in the ZSF; therefore, they are also considered in
this section. Shellfish and lobster, other key resources that support commercial fisheries within
the ZSF, are discussed in Section 3.11 and Section 3.12, respectively.

The abundance and distribution of many fish species found within the ZSF change seasonally as
water temperatures change. Some species migrate into and out of the ZSF, whereas others
remain in the ZSF as year-round residents, although they may shift habitats from shallow to
deeper areas as seasons change. As water temperatures increase during the spring, there is an
influx of warm-water species such as bluefish, menhaden, weakfish, black sea bass, and alewife
into the ZSF from the south (Grosslein and Azarovitz, 1982). At the same time, cold-water
species such as Atlantic herring, mackerel, cod, and spiny dogfish begin leaving the area heading
farther north. Many species, such as scup, butterfish, summer flounder, silver hake, red hake,
and longfin squid, are found year-round in the ZSF; however, they also exhibit seasonal inshore-
offshore migrations correlated with the temperature cycle. These migrations within the ZSF are
generally inshore in April-May and offshore during winter months to avoid temperatures below
5 °C. There is, however, high variability from year to year in the local fish populations, which is
reflected in the sizes of the stocks that are observed, particularly for commercially fished species.

3.10.1 Rhode Island Region ZSF

This section describes the commercial fishery data, long-term trawl data from research and
monitoring studies, and data from recent trawl surveys conducted in support of this Final EIS. It
also describes essential fish habitat (EFH) species and summarizes the life histories of key
fisheries species found in the ZSF.

Data Sources Evaluated

Data from the following sources and programs were used to describe the finfish resources within
the ZSF:

e Data on commercial fisheries: NMFS has long collected data on commercial fisheries
throughout the country. This information is used to evaluate the type and respective
weight (in pounds) of those species of fish that are harvested from the ocean and landed
(reported) in a given region. For the RIR, data from 1994 to 2001 are used in this Final
EIS. These data are discussed in the section “Commercial Fishery Data.”

e Data from long-term research trawl programs: The University of Rhode Island—
Graduate School of Oceanography (URI-GSO), Rhode Island Division of Fish and
Wildlife (RIDFW), and Massachusetts Division of Marine Fisheries (MDMF) all conduct
long-term research trawl surveys at locations within or adjacent to the ZSF. This
information and NMFS research trawl data for 1990-2002 are discussed in the section
“Long-Term Trawl Survey Data.”

e Data from recent trawl surveys: Three trawl surveys were conducted within the central
portion of the ZSF at sites that were considered as alternative disposal locations for the
Providence River and Harbor Maintenance Dredging Project EIS (Corps, 2002g; Corps,
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2003d; Corps, 2003i). This information is discussed under “Recent Trawl Surveys in
Rhode Island Sound.”

o Site-specific data: Site-specific trawl surveys were conducted in Site W (then called
Site 69b) as part of the Providence River and Harbor Maintenance Dredging Project EIS
(Corps, 2002g; Corps, 2003d; Corps, 2003i). Additional site-specific sampling was
conducted in Sites E and W during the summer of 2003 (Corps, 2003;j). These data are
presented and discussed in Sections 3.10.2 and 3.10.3.

Commercial Fishery Data

In 1994, the NMFS instituted a mandatory reporting system to better monitor commercial
landings. The system requires that commercial fishermen submit vessel trip reports (VTRs)
identifying the date, time, general area fished, the species harvested, and the approximate total
weight (in pounds) of the catch.

The VTRs required by NMFS since 1994 provide species information that can be used to
describe the relative abundance of many commercially important finfish. Commercial VTR data
from 1994 through 2001 were obtained from NMFS for the entire ZSF. VTR data included
finfish and shellfish species (lobster and crab). The finfish species and squid were analyzed
separately from the shellfish species.

Finfish landings from within the ZSF have fluctuated over the years, ranging from about

24 million pounds (lbs) in 1994 to about 69 million lbs in 1995 (Figure 3-38). During most
years, five species made up more than 85 percent of the annual catch (see Appendix A-3). The
most commonly caught species during each of these years were Atlantic herring, skates, silver
hake, and either monkfish, squid, winter flounder, or spiny dogfish.

The annual landings for several species within the ZSF are presented in Figure 3-39. Squid
landings declined from 1994 to 1995 and remained relatively consistent from 1995 through 2001.
Scup landings declined from 1994 through 1998, then fluctuated through 2001. Silver hake and
winter flounder landings were fairly constant from 1995 through 1999. Both species had peak
landings in 2000, then declined in 2001. Butterfish and summer flounder landings fluctuated
until 1998 but have gradually increased since then. Skate landings increased until 1997, and
fluctuated slightly from year to year since then. Monkfish and spiny dogfish landings peaked in
1995. Monkfish landings fluctuated consistently following this peak, while spiny dogfish
landings declined to very low numbers in 2000 and 2001. Like several of the other species,
Atlantic herring landings peaked in 1995. Since 1995, however, Atlantic herring landings have
shown a generally decreasing trend.
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Total Finfish Landings Within the ZSF
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Source: NMFS VTR Data (1994 — 2001)

Figure 3-38. Total Annual Landings of Finfish from Within the ZSF Reported on VIRs
(1994-2001).

Seasonally, total finfish landings from the ZSF were high during the winter months of December,
January, and February. Average January landings from the ZSF from 1994 through 2001 were
slightly greater than 10 million Ibs (Figure 3-40). The lowest landings from the ZSF occurred
during April through August. The high landings during the winter months were attributable to
very large catches of Atlantic herring from December through February (Figure 3-41). The
Atlantic herring landings during these months were about seven times the landings of many of

the other species during their respective peak seasons, thus biasing the overall finfish landings
toward the winter months.

The other top commercial species from the ZSF are not often harvested in large numbers during
the winter months (Figure 3-41). Although caught year round, the largest landings of winter
flounder occurred in May and June. Large landings also occurred in November and December.
Butterfish landings were high from late summer through early winter (August through
December), and were substantially lower during late winter through mid-spring (January through
May). For most of the other key commercial species, peak landings generally occurred in the

warmer months from May (scup, monkfish, summer flounder) to September—October (squid,
silver hake, spiny dogfish, skates).
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Figure 3-39. Annual Landings for Key Commercial Species Harvested from within the
ZSF.
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Figure 3-40. Average Monthly Finfish Landings from Within the ZSF (1994 — 2001).
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Figure 3-41. Total Monthly Landings for Key Commercial Species Harvested from Within
the ZSF (1994-2001).
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Long-Term Trawl Survey Data

Figure 3-42 shows the locations within or adjacent
to the ZSF where the URI-GSO, RIDFW, and
MDMF have conducted long-term research trawl
surveys since 1959 (URI-GSO) or 1979 (RIDFW,
MDMF). Because data from within the ZSF are
limited and fish are mobile organisms, data
collected by these programs from areas within or
adjacent to the ZSF are used to characterize the
finfish resources and habitat use within the ZSF.
Although the methods for the various long-term
survey programs are similar, slight variations in
fishing equipment and protocols make direct
comparisons of catch numbers inappropriate.
However, the species occurrence patterns, species
dominance patterns, and general trends in
abundance are comparable and are discussed in
this Final EIS. In addition, the NMFS has
collected data since 1990 from 102 stations within
or adjacent to the ZSF.

The purpose of the evaluation performed for this
EIS was to examine recent trends in fish
populations in the ZSF and to characterize the fish

communities inhabiting the alternative disposal sites, not to examine long-term fisheries trends.

Catch-Per-Unit-Effort

The Catch-Per-Unit-Effort, or CPUE, is a
common fisheries index that is used to
standardize fishery data collected by a variety
of similar catch methods. For example, fishery
trawls of varying duration can be standardized
by calculating the CPUE for a standard tow
length (distance or duration). Thus, data from
tows of varying duration or length can be
directly compared. The CPUE is usually
measured to estimate the total catch of species
during a certain time or in a specific area, to
determine the stock abundance for fishery
species, or to estimate fishing success (Nielsen
and Johnson, 1983). The CPUE is a ratio
estimate and is usually calculated as an average
of the effort (by number or weight) or as the
total effort. Which one is used depends on the

purposes of the sampling program.

CPUE data must be used carefully, especially
when discussing data from a variety of
programs. It is critical to ensure that the
defining unit of effort is clearly stated for the
programs being compared.

Therefore, the four long-term data sets were restricted to a common set of years encompassing
the 1990s through the early 2000s. To compare the results from all four sources, the raw data
were converted to an index called Catch-Per-Unit-Effort (CPUE). CPUE is a means of

standardizing the information on the number of fish caught by dividing the catch by the amount

of time a net was towed through the water. The various trawls that were evaluated for this EIS
varied in length; therefore, all of the trawl CPUE data were calculated to be equivalent to
30-minute (min) tows and are expressed as fish/tow. An annual CPUE was standardized by

averaging weekly catches to create monthly means, then summing the monthly means for a given
year.

The text boxes on the following pages present the data from the URI-GSO, RIDFW, MDMF, and
NMEFS survey programs. In addition to evaluating the total finfish abundance for any given year
(1.e., annual CPUE or seasonal CPUE over a given year), species-specific CPUE values were
calculated for all species collected in each program. The species were then ranked in the order of
their decreasing abundance, and the most abundant species for each long-term trawl survey
program were listed. The proportion of the catch that was attributed to those species is also
included. For the RIDFW, MDMF, and NMFS survey programs, the 25 most abundant species
are listed; only 17 species are listed for the URI-GSO program.

A |

- . PR ,

~

.-

ee e e
N | |

r

,-
N

1
B

re

f — -
‘om ‘sm ‘sm 'mm

r

, A



Final Environmental Impact Statement for the

Rhode Island Region Long-Term Dredged
Material Disposal Site Evaluation Project

Judith

T™h X

Block Island Sound
Block
Island

Block Island Channel

0 2 4 8

October 2004
Page 3-85
zzeras
A -
—_ A
Sakonnet rom *.

Brown's Ledge

Rhode Island Sound

Cox Ledge

Irawi Sampling Locations
1JZSF

A MDMF Trawl Locations (1990 - 2000)
Y RIDFW Sampling Locations
B URI-GSO Sampling Location

Figure 3-42. Location of URI-GSO, RIDFW, and MDMF Trawl Samplings.
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URI-GSO Surveys

The URI-GSO has conducted weekly otter trawl surveys just offshore of Narragansett Bay in Rhode Island
Sound since 1959 (Jeffries ez al., 1988). The survey location is just outside the northern boundary of the ZSF
(see Figure 3-42). Data (number of fish per tow) from 1990 through 2001 were used to calculate an annual
CPUE.

From 1990 to 1994, the annual catch by the URI-GSO surveys at the mouth of Narragansett Bay increased from
approximately 3,300 fish/tow to slightly more than 10,000 fish/tow. Since 1994, the annual CPUE for these
surveys has gradually declined.

Trends in Annual Fish Catch from a Single Location at the
Mouth of Narragansett Bay (1990 — 2001).

12000 - URI-GSO Annual Catch

10000 -

# fish/tow
g

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Most Abundant Species
Abundance data from the URI-GSO dataset were available for the most abundant 17 species only.

Species (% Total Catch) (1990-2001)

Butterfish (39.7) Red hake (0.8)

Longfin squid (24.6) Summer flounder (0.5)
Little skate (8.4) Northern searobin (0.4)
Scup (8.1) Longhorn sculpin (0.4)
Winter flounder (5.9) Cod (0.1)

Silver hake (3.8) Ocean pout (<0.1)
Fourspot flounder (2.7) Cunner (<0.1)
Windowpane flounder (2.5) Tautog (<0.1)

Atlantic herring (2.2)
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RIDFW Surveys

Since 1979, the RIDFW has conducted a spring/fall trawl survey at six stations in nearshore Rhode Island Sound
waters (near the mouth of Narragansett Bay) and at 10 coastal stations in Block Island Sound (see Figure 3-42).
Only the 10 coastal stations located in Block Island Sound are within the ZSF. The six stations near the mouth
of Narragansett Bay are slightly north of the ZSF. Unlike the sharp increase and steady decline in catch
observed from the URI-GSO data, the finfish catches shown by the RIDFW data have fluctuated from year to
year. An increase in the catch was observed from 1991 through 1993, but a sharp decline occurred in 1994,
which was the lowest catch during the 11-year period.

Annual CPUE at 10 Locations in Block Island Sound and 6 Locations

Near the Mouth of Narragansett Bay

3500
3000 -
2500
2000
1500 -

# fish/tow

1000 -

RIDFW - Annual Catch

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Most Abundant Species

Scup (28.2)

Squid (23.9)
Butterfish (21.7)

Bay anchovy (17.7)
Skate (2.0)

Winter flounder (1.2)
Atlantic herring (0.6)
Alewife (0.5)

Silver hake (0.4)
Bluefish (0.4)
Weakfish (0.3)

Red hake (0.3)
Blueback herring (0.3)

The 25 most abundant species for this survey program are listed.

Species (% Total Catch) (1990-2001)

Atlantic silverside (0.2)
Longhom sculpin (0.2)
Northern searobin (0.2)
Windowpane flounder (0.2)
Black seabass (0.1)
Fourspot flounder (0.1)
Ocean pout (0.1)
Striped searobin (0.1)
Moonfish (0.1)
Menhaden (<0.1)
Rough scad (<0.1)
Cunner (<0.1)
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MDMF Surveys

The MDMF has conducted long-term otter trawl surveys during the spring and fall since 1979 similar to those
conducted by RIDFW. Since 1979, about 50 stations have periodically been sampled in the vicinity of the ZSF,
generally along the northeast border (see Figure 3-42). An annual CPUE was calculated for each season by
averaging the catch per tow for all locations within a particular season and year.

In the region surveyed by the MDMF, the data suggested that spring fish abundance remained relatively constant
throughout the years, whereas fish abundance during the fall fluctuated. Fall catches in most years were also
greater than those observed during the preceding spring. In 2000, the largest spring catch occurred and the catch
slightly exceeded the fall catch for that year.

Trends in Annual Fish Catch During the Spring and Fall MDMF Trawl Surveys at

Multiple Sites Within or Adjacent to the ZSF
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T T T T T T T

Most Abundant Species

Scup (38.1)

Butterfish (30.5)
Longfin squid (7.3)
Little skate (4.9)
Winter flounder (4.4)
Silver hake (3.3)

Red hake (2.1)
Blueback herring (1.6)
Winter skate (1.0)
Longhorn sculpin (0.9)
Alewife (0.8)

Atlantic herring (0.7)
Fourspot flounder (0.7)

The 25 most abundant species for this survey program are listed.

Species (% Total Catch) (1990-2001)

Northern searobin (0.5)
Black sea bass (0.4)
Pipefish (0.3)

Mackerel scad (0.3)
Ocean pout (0.3)

Spiny dogfish (0.3)
Windowpane flounder (0.2)
Anchovies (0.2)

Summer flounder (0.2)
Gulf stream flounder (0.1)
Spotted hake (0.1)

Cod (0.1)
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NMEFS Surveys

The NMFS uses a stratified random sampling design to identify tow locations to be sampled during the seasonal
stock assessment trawl surveys it has conducted in the coastal waters off the United States since the late 1960s.
Since 1990, NMFS has collected data at 102 stations within or adjacent to the ZSF. Originally, the trawls were
conducted only in the spring and fall, but in 1992, winter surveys were added. Therefore, the data used for this
analysis include spring and fall surveys from 1990 to 2002 and winter surveys from 1992 to 2002. An annual
CPUE was calculated for each season by averaging the catch per tow for all locations within a particular season
and year.

In general, the NMFS trawl data suggested that finfish abundance (as measured by CPUE) has varied from year
to year regardless of season. During all years from 1990 through 2002, the abundance of finfish in fall was

greater than that in either spring or winter. Spring abundances were often lower than or equal to those observed

during the winter except for a peak in the spring of 1999.

Trends in Annual Abundance During the Spring, Fall, and Winter
NMFS Trawl Surveys at Multiple Sites Within the ZSF
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Most Abundant Species

The 25 most abundant species for this survey program are listed.

Species (% Total Catch (1990-2001)
Little skate (13.6)

Longfin squid (11.3)

Spiny dogfish (1.7)
Longhorn sculpin (1.7)

Atlantic herring (10.5) Yellowtail flounder (1.5)
Butterfish (10.5) Windowpane flounder (1.2)
Scup (10.1) Gulf stream flounder (1.1)
Silver hake (8.1) Black sea bass (1.1)

Round herring (5.5) Red hake (1.1)

Winter skate (3.4) Fourspot flounder (1.0)
Ocean pout (2.6) Atlantic silverside (0.7)
Atlantic mackerel (2.5) Blueback herring (0.4)
Anchovies (2.3) Northern searobin (0.3)

Alewife (2.1)
Winter flounder (2.1)

Summer flounder (0.3)
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The four long-term fish trawl survey programs identified 116 species of fish that occurred within
the ZSF (Appendix A-3). Forty-eight species were common among all surveys. Seven species
appeared consistently as dominant species among the programs. These were scup, butterfish,
longfin squid, little skate, winter flounder, silver hake, and red hake (Appendix A-3). Whether
these were the most abundant species, or ranked lower, varied among the long-term trawl
programs. As expected, surveys in nearshore waters contained more coastal species, which were
not present, or were less abundant, in offshore waters.

The relative abundance of Atlantic herring, Atlantic mackerel, and ocean pout were greater in the
NMFS long-term trawl survey than in the others; conversely, winter flounder was less abundant.
These differences are most likely related to the greater offshore extent of the NMFS trawl
surveys. The four most abundant species (longfin squid, butterfish, scup, little skate) accounted
for greater than 80 percent of the total catch in the URI-GSO, RIDFW, and MDMF surveys, but
only 45 percent of the total in the NMFS surveys. Some of the differences observed in species
occurrence and abundance resulted from the varied seasonal sampling strategies and location
within the ZSF (RIDFW, URI-GSO, MDMF surveys were inshore; NMFS surveys were more
offshore). Some of the differences between the NMFS surveys and the other surveys were also
attributed to the greater geographic area sampled in the NMFS surveys. Despite the differences,
the combined results of the surveys indicated the demersal species most likely to occur within
the ZSF.

The CPUE of the individual trawls making up the NMFS research trawl dataset were plotted
within the ZSF by season (Figure 3-43). By evaluating the CPUE spatially, the specific areas
within the ZSF were compared to determine if some areas had consistently higher productivity
(as measured by CPUE), and therefore indicated better finfish habitats. All NMFS traw] data
(from 1990-2002) were evaluated by using a statistical formula that identifies natural
breakpoints in the data. These natural breakpoints served to rank the finfish catch into three
levels indicating that the particular location was highly productive (CPUE > 2,785), of medium
productivity (860 < CPUE > 2,784) or of low productivity (CPUE < 860) at the time of
sampling.

In general, NMFS conducted more tows within the ZSF during the fall surveys than during the
winter or spring surveys (Figure 3-43). The highest catches of fish occurred during the fall
surveys at several locations throughout the ZSF. Three areas of generally high productivity
(CPUE > 2,785 fish per tow) within general regions of medium productivity (CPUE = 860 to
2,784 fish per tow) were identified. One area was near the northern boundary of the ZSF (ne<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>