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SYLLABUS

This report was authorized by Congress at the request of the Delaware River
Basin Commissicn. It presents a regional dredged material disposal plan for
the Delaware River System for both Federal and Non-Federal sectors. The plan
identifies specific disposal sites for both the short (10 year horizon) and

long term (50 year horizon).

Over 11,000,000 cubic yards of material are dredged annually by the two
sectors. In addition, needs for potential future projects were incorporated
into the analysis. These disposal needs were used to identify twd conditions
to represent a wide range of potential future gonditions. The first, termed
the "worst case", fepresents an upper béundary and assumes that all identified
existing authorized and future projecis would be fully constructed and
maintained during the study period (1980-2030). The second, the "most

probable case"™, reflects a more realistic projection of future needs.

Each of these conditions reflect more volume than can be placed at existing
disposal sites, with the shortfall being 335,000,000 and 78,300,000 cubic
yards, respectively. Various alternative measures were assessed to determine
the most viable means of resolving these shortfalls. Alternative measures
were grouped into two general categories, management and identification of
‘potential sites. Under management measures, those methods that would extend
the useful life of an existing disposal site were considered. Tﬁe sécond
category, involved an extensive screening process including two computerized
applications, one of which was developed as part of this study. The first,
called Spatial Analysis Methodology, is a data management and znalysis tool
.and was used to perform automated site suitability screening. Its ouiput
indicated relative attractiveness of potential sites for various scenarios

ranging from a pro-dredging to a pro-environmental viewpoint. The second



model, the systems model, evaluated the alternative measures based on dredging
tranaportation and disposal site costs. The model results together with other
related envirommental and social factors were considered as part of the

seleotion process.

The study éoncluded that for the short term pericd, the recommendations are:
oxtend leases at existing sites, acquire and use advanced dewatering
equipment, continue to make dredge material available for re-use and consider
acquiring one additional site. Recommendations for ;he long term period
are: continue past management practices and incorporate new development, as
appropriate, as the state of art changes, acquire long term leases or land in
fee where appropriate and consider acquiring five new disposal sites. It is
antieipated that the added‘recommendations will emerge from the on-going

Delaware River Comprehensaive Navigation Study.

Regarding the short term recommendations, the advanced dewatering equipment
wWwas acquired during the latter stages of this study and is currently operating
successfully in the District. Further, the District is already pursuing
acquisition of the one additional site. The long term needs have also been
presented but should be updated periodically as appropriate Lo reflect

changing conditions.

The report will be distributed for information to those agencies having an

interest in_dredging and disposal of dredged material.
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INTRODUCTION

BACKGROUND AND AUTHORITY

The Delaware River, and particularly the Philadelphia Area, supports a major
port complex. Over 130,000,000 tons of waterborne commerce move through the
Delaware River system each year. This ccommerce relies, in large part, on
maintenance of a 40 foot deep navigation channel in the Delaware River. Over
11,000,000 cubic yards of materiél are dredged annually from the Delaware
River and its tributaries to support commerce. 3Some of the existing disposal
sites for the dredged material should begin reaching capacity during the early

1990's.

Recognizing the potential disposal problem, the Delaware River Basin
Commission adopted Resolution Number 74-8 on 26 June 1974. That resclution
requested that the Corps of Engineers develop a regional dredging disposal
plan for both public and private sectors and identify specific short term
disposal sites and potential long term sites which minimize the degradation of
the natural environment. Based on a request by Senators Roth and Bilden of
Delaware, the Senate Committee on Public Works adopted the study resolution on
20 September 1974. This resclution requested the development of a "regional
dredging spoil disposal plan for the tidal Delaware River, its tidal
tributaries, and Delaware Bay". In addition, on 24 July 1978 the Senate
Committee on the Environment and Public Works adopted a resolution that
increased the scope of the study t¢o include Indian River Inlet and Bay.

Copies of these resolutions are included in Appendix U4.

STUDY OBJECTIVE

In responding to the Congressional resolution, the objectives of the study are

to:



a. Develop a regional dredging spoil dispocsal plan tor the Delaware

River, its tidal tributaries, Delaware Bay and Indian River Inlet and Bay.

b. Designate specific sites which may be used by Federal and Non-Federal
sectors both in the short-term and long-term. In coming up with these sites,
it is the intention to minimize degradation of the natural environment. For
the purposes of this study, the planning periods are defined as 10 years

(short term) and 50 years (long term).

STUDY AREA

The study area (Figure 1) encompasses the Delaware River Estuary and Indian
River Inlet and Bay. The estuary, which extends from the mouth of the
Delaware Bay to Trenton, New Jer;ey, is bordered by Pennsylvania and Delaware
on the western shore, and by New Jersey on the eastern shore. Indian River
Inlet, located 12 miles south of Cape.Henlopen, is the first opening in the
barrier beach south of Delaware Bay. The Indian River Bay area is mostly

marshland in private ownership.

There are 13 counties within the study area. These are listed below and shown

on Figure 2:

NEW JERSEY
BURLINGTON COUNTY
CAMDEN COUNTY
CAPE MAY COUNTY
CUMBERLAND COUNTY
GLOUCESTER COUNTY
MERCER COUNTY
SALEM COUNTY

PENNSYLVANIA-
BUCKS COUNTY
DELAWARE COUNTY
PHILADELPHIA COUNTY

DELAWARE
KENT COUNTY
NEW CASTLE COUNTY
SUSSEX COUNTY
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EXISTING FEDERAL PROJECTS

The study area includes five deep draft projects and 17 shallow draft projects
(including Indian River Inlet and Bay) which are Federally maintained. The
deep draft projects are Delaware River, Philadelphia to the Sea, Delaware
River at Camden, Delaware River, Philadelphia to Trenton, Wilmington Harbor

fChristina River), and Schuylkill River.

DEEP DRAFT PROJECTS. Delaware River, Philadelphia to the Sea. The

Philadelphia to the Sea project {adopted in 1910 and modified in 1930, '33,
'35, '38,'45, '54 and '58) provides for a 40-foot-deep channel from Allegheny
Avenue in Philadelphia to deep water in Delaware Bay. The channel widths
range from U100 feet in Philadelphia Harbor to 1,000 feet in the bay. Through
Philadelphia Harbor (Figures 3-4), the channel is 40 féet deep on the west
side and 37 feet deep on the east side. The project also provides for
widening at critical bends. There are seventeen anchorages on the Delaware
River; five are authorized under the Philadelphia to the Sea project (Mantua
Creek, Marcus Hook, Port Richmond, Deepwater Point, and Reedy Point) and the

remaining twelve are natural deep-water anchorages.

Delaware River at Camden. The Delaware River at Camden project (adopted in
1919 and modified in 1930 and 1945) provides for a 30-foot-deep channel from
Newton Creek at Kaighn Point to the Berkley Street terminal and an 18 foot
deep channel extending from’Kaighn Point to Cooper Point. Also, the project
provides for a depth of 37 feet within the project limits in front of the
Camden Mérine Terminal. The project construction has been completed except
for the 37 foot deep portion, which is currently being analyzed as part of a

separate study. The project length (Figure 5) is about four miles.
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Delaware River, Philadelphia to Trenton. The Philadelphia to Trenton project

(adopted in 1930 and modified in 1935, '37, '46, 'S4, and '76)

provides for a 40-foot-deep channel from Allegheny Avenue, Philadelphia, to
Newbold Island (a distance of 24 miles), a 35-foot-deep channel from the upper
end of Newbold Island to the Trenton Marine Terminal and a 12-foot-deep
channel from Trenton Marine Terminal upstream to the Penn Central Railroad

bridge in Trenton. The total projeet length (Figure 6) is 30.5 miles.

The project, as modified in 1954, was completed in 1964 to the previously
authorized 25-foot depth, except for the 35-foot-deep channel (upper end of
Newbold Island to the Trenton Marine Terminal) and widening the turning basin
at the terminal. The 1976 modification provides for widening the Philadelphia
side of the existing channel near the Tioga Marine Terminal to an average
width of 1000 feét between Allegheny Avenue and the Delair Bridge an extent of

1.2 miles.

Wilmington Harbor. The Wilmington Harbor project {(adopted in 1896 and modi~-

fied in 1899, 1922, '30, '35, '40, and '60) provides for a channel in the
Christina River with depths of 35, 21, JO, and 7 feet from the Delaware River
to Newport, Delaware, as shown in Figure 7. The project also provides for a
35-foot deep turning basin opposite the Wilmington Marine Terminal, along with
Jetties at the mouths of the Christina and Brandywine Rivers. The

project length is about 9 miles from the Delaware channel upstream to Newport.

Schuylkill River. The Schuylkill River project provides for a channel from

its confluence with the Delaware River upstream to University Avenue (see
Figure 8). The project {adopted in 1917 and modified in 1930 and 1946) has
depths ranging from 22 to 33 feet. The project length is six miles. The

latest modification was completed in 1962.
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SHALLOW DRAFT PROJECTS. The shallow draft projects considered are:

BIG TIMBER CREEK, NJ

BROADKILL RIVER, DE

COHANSEY RIVER, NJ

COOPER RIVER, NJ

HARBOR OF REFUGE, DE

INDIAN RIVER INLET AND BAY, DE

INLAND WATERWAY, REHOBOTH BAY TO DELAWARE BAY, DE
(LEWES AND REHOBOTH CANAL)

MANTUA CREEK, NJ

MAURICE RIVER, NJ

MISPILLION RIVER, DE

MURDERKILL RIVER, DE

NESHAMINY STATE PARK HARBOR, PA

PEPPER CREEK, DE

RACCOON CREEK, NJ

SALEM RIVER, NJ

ST. JONES RIVER, DE

WATERWAY FROM INDIAN RIVER INLET TO REHOBOTH BAY, DE

There are a number of additional authorized projects along the Delaware

Estuary which are not actively maintained and therefore were not included in

the study.

The Indian River Inlet and Bay, Pepper Creek, and the Waterway from Indian
River Inlet to Rehoboth Bay are the only projects inecluded in the study which

lie outside of the Delaware Estuary.

The Indian River project (adopted in 1937 and modified in 1945) provides for a
channel from Indian River Inlet to Millsbhoro, a distance of about 13 miles

(see Figure 9).

NON~-FEDERAL DREDGING

Along with the Federally maintained projects, there are a number of State,
local and privately maintailned areas. The majority of the dredging is
performed to gain access to the Federal deep draft projects from piers and
docks. American Dredging Company, the largest private dredging firm in the

study area, performs maintenance dredging for approximately forty-five
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companies under a "blanket" permit issued by the Philadelphia Distriet. Other
ereas are maintained and operated in the vicinity of the private channel by

individual companies and marinas.

COORDINATION AND STUDY PARTICIPANTS

In February 1978, an announcement of the study initiation was made to all known
interested Federal, state, county, and local elected officiale and agencies.
Clearinghouses, special interest groups and interested individuals were also
informed of the study. A copy of the announcement is included in Appendix 4. In
early 1980, five public meetings were held to solicit views on problems and

present the anticipated study efforts.

As the study progressed, a Plan Formulation Committee (PFC) was formed to provide
advice to the study team during the critical decision maklng phases of the
study. The committee was composed of representatives from the Corps of

Engineers, Delaware River Basin Commission, Environmental Protection Agency, U.S.

Fish and Wildlife Service, National Marine Fisheriee Service, other Federal and
State environmental agencies, the port interests, and loeal dredéing and
industrial representatives. The screening procedures used in selecting potential
disposal sites incorporated the views of this committee to represent area-wide
institutional concerns. Minutes of the PFC meetings are included in Appendix

4. In addition, the Corps of Engineers Waterways Experiment Station (WE3) has
played an active advisory role through their Dredged Material Research (DMRP) and

Dredging Operations Techniecal Support (DOTS) Programs.

REPORT FORMAT

The results of the study are presented in five parts: the main report and four
appendices. The main report presents an overview.of the study and its
findings. Appendix 1 provides the detail for the spatial analysis methodology

data base 3screening process. Appendix 2 describes alternative
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dredging methods. Appendix 3 documents the systems model, and Appendix 4

includes pertinent correspondence relating to the study.

PRIOR AND CURRENT STUDIES

LONG RANGE SPOIL DISPO3AL STUDY. The goal of this study which was éompleted
in 1973 was to locate and obtain disposal areas within efficient pumping
distances of the known dredging reaches for the Philadelphia to the Sea

project.

The study evaluated the remaining disposal area capacity, the nature, source
and cause of shoaling, new dredging equipment and techniques and pumping of
dredged material through long lines. The study identified three potential new
disposal sites. It also concluded that continued maintenance of the Delaware
River, Philadelphia to the Sea project under conditions of that period would

not be posaible after 1990.

ENVIRONMENTAL IMPACT STATEMENTS. The following is a summary of the
Environmental Impact Statements (EIS) prepared for the maintenance of Federal

navigation projects.

a. Delaware River, Trenton tec the Sea, (including Schuylkill River and
Wilmington Harbor) was prepared and filed with the Council on Environmental

Quality (CEQ) in 1975.
b. Indian River Inlet was prepared and filed with CEQ in 1975.

Also, Environmental Assessments which resulted in Negative Declarations were

prepared for the following projects as indicated:

DELAWARE ‘
MURDERKILL RIVER 1975
MISPILLION RIVER 1975

BROADKILL RIVER 1975
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INLAND WATERWAY, REHOBOTH BAY

TO DELAWARE BAY (LEWES AND REHOBOTH CANAL) 1974
HARBOR OF REFUGE 1975
WATERWAY FROM INDIAN RIVER

INLET TO REHOBOTH BAY 1974

NEW JERSEY :
COOPER RIVER 1975
BIG TIMBER CREEK 1975
MANTUA CREEK 1975
RACCOON CREEK 1975
SALEM RIVER 1975
COHANSEY RIVER 1975
PENNSYLVANIA
NESHAMINY STATE PARK HARBOR 1975

These reports give a brief description of the local environment, the projected
dredging frequency, the potential impacts of dredging and'disposal of dredged

material.

DREDGED MATERIAL RESEARCH PROGRAM (DMRP). This program was conducted by the
Environmental Effects Laboratory of the U.S. Army Corps of Engineers,

Waterways Experiment Station, Vieksburg, Mississippi.

The program 3ought answers to questions of why and under what circumstances
would the disposal of dredged material produce adverse environmental
impacts.: The program produced generic knowledge of the processes and
mechanisms involved in the creation of environmental impacts and methods for
predicting these effects before a project is constructed or a permit issued.
It has resulted in the development of methods of evaluating the relative
impacts of alternatives for use by planners and design engineers. More
significantly, it has produced tested, viable, cost-effective methods, and
guidelines for reducing the impacts of conventional disposal alternatives,
while pointing out the tradeoffs involved. It has also removed much of the

uncertainty surrounding new disposal alternatives or possaibilities.
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As a result of this program, more than 200 technical reports have heen
published and widely distributed within and outside the Corps. These have
been supplemented with synthesis reports, an index and retrieval system, a
summary report, and special documents for Congress and the publie. In
addition, a technical advisory team has been established for the specific
purpose of assisting Corps Districts and Divisicns, agencies, and groups.
This team is part of the Dredging Operations Technical Support (DOTS) and has
assisted the Philadelphia District in the conduct of this study as mentioned

in the section on coordination.

DELAWARE RIVER SHALLOWS STUDY. This study, prepared by the Philadelphia
District, was completed in March 1979 and concerned the evaluation of the
shallow water resources of the upper Delaware River Estuary, from Reedy Point,
Delaware to Trenton, New Jersey. Shallow water is defined as those areas from
the mean low water line to the -10 foot mean low water contour. The purpose
of the study was to define those areas, and to develop a system by which their

ecological value to the estuary could be evaluated.

DELAWARE RIVER COMPREHENSIVE NAVIGATION STUDY, WJ, PA, DE. The Philadelphia
Distriet is currently conducting this study which was authorized by a Senate
Committee Resolutlon adopted on 2 December 1970. A Reconnaissance Report was
completed in March 1983. The objective of the study is to define the Federal
interest in navigation development especially with respect ﬁo future needs for
navigational improvements. The study will address and evaluate current
shipping problems, adequacy of facilities, delayslin intermodal transfers,
channel dimensions, storage locations and capacities, and other physical
aspects affecting waterborne commerce in order to determine an appropriate

plan for the efficilent use and development of the Ports of
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Philadelphia.. In those areas where modifications are considered appropriate,
it may be necessary to identify additional tentative disposal areas. Thus the
twolstudies, the Dredging Disposal Study and the Comprehensive Navigation
Study, are necessarily interrelated. This study has considered those certain
prospective projects identified in an interim portion of the Comprehensive

Study. Further studies and additional dredging needs associated with

potential modifications will be conducted as part of the Comprehensive Study.
EXISTING CONDITIONS

NATURAL RESOURCES

CLIMATE. The entire 13 county study area lies within one broad climatic
zone. In general the climate is mild with a few brief hot, humid periods in
summer and cold, windy winter pericds of similar duration and frequency. the
yearly mean temperature is about 54°F and the normal annual precipitation is
about 43 inches. The rainfall is well distributed throughout the year with
generally more than 3 inches per month. Temporary droughta or pericds of

subnormal rainfall are not uncommon for the area.

TOPOGRAPHY AND GEOLOGY. Lands bordering the Delaware River Estuary from
trenton to its mouth are generally flat. Along the lower part of the estuary,
the elevation of the adjacent land ranges from 5 to 10 feet, about 20 feet at
Wilmington, 20 to 30 feet at Philadelphia, and 40 to 50 feet near Trenton,

NJ. Slopes near the lower estuary are generally less than 10 percent, while
in the upper area, the slopes vary considerably with many steeper grades. The
tributaries feeding the estuary below Trenton generally have a flat gradient

with few rapids.
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Geologlcally, the study area is situated near the border between two
subdivisions, the Appalachian Piedmont Province and the Atlantic Coastal Plain
Province. The Piedmont Plateau lies along the eastern edge of the Appalachian
Mountains and runs from New Jersey to Alabama. The rocks of the Piedmont are
old, hard, and crystalline. They extend downward and toward the Atlantic,
forming a platform that supports the Coastal Plain. The rocks of the Coastal
Plain are much younger, largely unconsolidated sediments forming a thiek
wedge. The Coastal Plain layers are composed mainly of clays, silts, sands,

gravels and intermediate materials which slope to the southeast.

Some sandy layers form aquifers which are porous geologic formations that
store or transmit groundwater in appreciable quantities. Significant aquifers
underlying the study area include: The Raritan, Cape May, and Pennsauken in
Pennsylvania; the Raritan-Magothy, Englishtown, Mount Laurel-Wenonah, and
Kirkwood-Cohansey in New Jersey; and the Potomac, Magothy, Monmouth, Rancocas;
Frederica, énd Cheswold in Delaware. Of these, the Potomac and Raritan -
Magothy aquifer systems are significant in that they represent the principal
source of public water supplies for socuthern New Jersey. The aquifer beds
outerop along a path extending from Raritan Bay to New Castle County,

Delaware, a major portion of which borders the Delaware River Estuary.

SURFACE WATER. The surface water resources of the study area include the
Delaware River Estuary, its tributaries, and Indian River Inlet and Bay
(ineluding Pepper Creek). The Schuylkill River, a principal tributary of the
eétuary, énters at Philadelphia. The estuary is subject to semidiurnal tidal
action from the Atlantic Ocean and has a mean tidal range increasing from 4.0

feet at the mouth to 6.9 feet at Trenton, NJ. The freshwater inflow
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to the Delaware River Estuary is primarily from the drainage area above the
head of the estuary at Trenton, NJ. The long-term average flow at Trenton is
11,750 efs (1913-1980). Comparable data for major gaged tributaries are

presented in Table 1.

Indian River Bay is an Estuary fed by freshwater streams and tidal flushing
from the Atlantic Ocean. Indian River Inlet connects the bay with the

ocean. Freshwater inflow to the bay is primarily from three major tributaries
which collectively represent only about 2 percent of the volume attributable

to tidal flushing.

LAND USE. The Delaware River Estuary, from the sea to a point 67 miles from
its mouth, (in the vicinity of New Castle, Delaware) is characterized by
natural land with some industrial development. The adjacent land in this arsa
is primarily wetlands and woodlands with some agricultural development and a
few residential areas concentrated along the coast. Froﬁ River Mile (RM) A7
to Trenton, NJ, which includes the maJjor ports of Wilmington, Paulsboro,
Marcus Hook, Camden and Philadelphia, the adjacent land includes both natural

and highly industrialized areas with accompanying residential communities.

The Indian River Bay area is surrounded primarily by privately owned
marshland. For this reason, land uses on the bay's developed portion of the
shoreline are predominantly oriented toward recreation (seasonal housing,
campgrounds, marinas, and marine services). The only industries on the bay
are related to fish and shellfish harvesting. Some agricultural lands and
poultry farms exist at the upstream portion of the Indian River. Also, a

power plant iz located on the river.

21



TABLE 1

MAJOR GAGED TRIBUTARIES

STREAM AND STATION GAGED DRAINAGE AREA PERIOD QF AVERAGE
LOCATION {SQUARE MILES) RECORD FLOW (CFS)

Assunpink Creek 89.4 1923-80 129

(Trenton, NJ)

Crosswicks Creek 83.6 1940-51 136

(Extonville, NJ) : 1952-80

Neshaminy Creek 210.0 1934-79 291

(Langhorne, PA)

North Branch Rancogas Creek 111.0 1921-80 173

{Pemberton, NJ)

Pennypack Creek 49.8 1965-70 86

(Philadelphia, PA) 1974=79

Schuylkill River 1,893.0 1931-80 2,962

{Philadelphia, PA)

Chester Creek

{Chester, PA) 61.1 1931-79 86

Christina River ' 20.5 1943-79 29

{Coochs Bridge, DE)

Maurice River 113 1932-81 168

(Norma, NJ)

22



WETLANDS. Historically, the Delaware River Estuary between Trenton and the
Atlantic Ocean, and all tidal tributaries, were abundantly fringed with lush
wetlands. The characteristic =salt marsh vegetation of the bay_merged with
freshwater marshes in the vicinity of New Castle and Salem counties. The
values of these ecosystems were largely unrecognized in the past, and most of
the wetlands on beth shores north of New Castle and Camden have been
eliminated by dredging or filled for development. For example, the
Philadelphia International Airport rests almost entirely on filled wetlands.
Extensive tidal wetlands in a largely natural state are abundant south of

Wilmington, DE and in Gloucester County, NJ.

Both tidal and non-tidal wetlands occur in the study area. Non-tidal marshes
usually grow in freshwater along streams and in ponds. Bogs and swamps are
also occasionally found in the study area. Tidal wetlands are flooded twice
daily by tides, and it is this tidal fluctuation that maintains their high
level of productivity. Tidal marshes thrive at all levels of salinity, which
has been found to be the primary determinant of vegetational differences
between fresh, brackish and saline marshes in the Delaware River Estuary.
Disturbances, such as filling, ditching, and diking, induce changes in
vegetation. Table 2 cdontains a list of representative plant species for each

kind of marsh, and species characteristics of disturbed wetlands.1

Tidal wetlands, both fresh and saline, provide nutrients for estuarine and
marine organisms. Those marine species that cannot migrate into the estuarine

marshes are sustained by the regular tidal flushing of nutrients from the
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TABLE 2 |

WETLANDS VEGETATION

TIDAL AND NON-TIDAL FRESHWATER MARSH (NATURAL)

Common Threesquare
Bullrush

Dotted Smartweed
Spikerush
Arrowhead

Wild Rice

Arrow Arum
Spatterdock
Pickerelweed
Loosetrife

TIDAL AND NON-TIDAL FRESHWATER MARSH (DISTURBED)

Common Reed

BRACKISH MARSH

Wild Rice
Cattail

SALTWATER MARSH

Cordgrass
Salt Hay
Spikegrass

SALTWATER MARSH (DISTURBED)

Common Reed
Groundsel Bush
Marsh Elder

1

Scirpus americanus
Seirpus olneyi
Polygonum punctatum
Eleocharis spp.
Sagittaria spp.
Zizania aquatica
Peltandra virginica
Nuphar advena
Pontederia spp.

Lythrum spp.

Phragmites australis

Zizania aquatica
Typha spp.

Spartina alterniflora
Spartina patens
Distiehlis spieata

Phragmites australis
Baccharis halimifolia
Iva frutescens

Betz, Converse, Murdoch, Inc., 1979, Delaware River Dredging Disposal 3tudy

~ Overview Inventory and Potential Impact Discussion. U.S.A.C.E.,

Philadelphia, Contract #DACW61-78-D-0018, 81pp.
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marshes into the estuary and the Atlantic Ocean. Non-tidal wetlands are also
valuable wildlife habitats and feeding grounds and perform the same roles as
tidal marshes in maintaining water quality and supply. Such benefits,

however, are generally only of local importance.

Wetlands with the least environmental value are those that have been
disturbed. The plant species inhabiting these areas are far less attractive
to wildlife for forage than natural wetlands vegetation. Filling and diking
interrupts tidal flooding, therefore much of the productivity of the marsh is
lost. Disturbed marshes are not without value, however. They provide shelter

for wildlife and are still important recharge areas for groundwater supplies.

Sﬁallows. The ecological cycles oceurring in wetlands invelve a wide variety
of organisms interacting within séveral different wetland habitats. While
important interactions occur within each of these habitats, it is within the
shallow water areas that many of the eritical interactions occur and in which

nuch of the biological activity is concentrated.

Even as isolated environments, shallow water areas are often more productive
than deeper waters. One reason for this difference is that shallow waters
often have higher dissolved oxygen levels throughout the entire water
coiumn. Much éxygen enters water by diffusion from the atmosphere. Since
subsurface water layers are constantly being brought to the surface by the
force of the tides, river flow, wind and waves, and are exposed to the
atmosphere, dissolved oxygen levels are evenly mixed throughout the water

column. Oxygen is also produced by rooted aquatic plants and algae.

Besides benefiting from the oxygen production of rooted aquatic plants and
algae, shallows are the direct recipients of organic materials produced by

these groups. The large amounts of live and dead plant material (detritus)

25



moving into or through shallows attract organisms which eat detritus and
living plants which, in turn, attract organisms higher in the food chain. The
egg3, larvae, juveniles, and adults of hundreds of species of invertebrates,
fishes, birds, and mammals have been found within the shallow water zones of
the study area. They are present in these areas in large part because of the

availability of food.

In addition to being attracted by favorable food and oxygen conditions,
organisms are also attracted by the variety of specific habitat types present
in shallow water and shore zones. Due to the location of the shallows
adjacent to different sediment sources, the bottoms of shallow water zones can
be composed of substances varying from large stones and pebbles to very fine
grainéd silts and muds. Conversely, deep water areas often have homogeneous
bottom types composed malnly of the finer grained, lighter particles. Since
the distribution and survival of benthic corganisms is largely dependent on
bottom type, greater variation within shallows promotes their colonization by
a wider variety of benthic organisms than does the homogeneity of deeper
areas. The open water areas ahd heavily vegetated zones, the quiet pools and
swifter flowing riffle zones, and small isolated backwaters and unobstructed
mainstream channels found in the shallows represent the variety of specifie
conditions that organisms require for their growth, shelter, feéding and

reproduction.

It should be noted that some shallow areas are more productive than others.
Natural differences in factors such as size, location, patterns of water
circulation, shoreline configurations and characteristics of adjacent areas,
all of which influence the biological structure of shallows, vary from area to
area. Where these factors are optimal, production is high; where they are

not, productivity may be reduced.
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Intertidal Flats. Intertidal flats are those coastal environments between

mean higher high water (MHHW) and mean lower low water (MLLW) in which no
rooted aquatic plants grow. These areas provide two broad functional roles.
First, they contribute substantial primary productivity in a highly nutritious
form to estuaries. Second, intertidal flats serve as a primary locus wherein
plant matter, derived from several estuarine habitats, is transformed into
invertebrate animal tissue and ultimately into fishes, birds, and larger

crustaceans.2

Primary productivity in intertidal areas is larger than in open waters because
- of the greater sqpply of light and nutrients available in very shallow

areas. This primary productivity is the result of nonvascular plants (botpom-
dwelling macro and microalgae and phytoplankton) that inhabit the intertidal
zone. This productivity which occurs year-round is typically less than that
of tidal marshes, but a greater proportion of it is passed to the estuarine
food chain. Various herbivorous, deposit-feeding, or grazing invertebrates
rapidly consume the benthic microalgae of mud flats. Thus the primary
production of a mud flat is in a form (microalgae) that is directly usable by

consumers. These organisms are in turn fed upon by their predators including

shorebirds, crabs, and fishes.

BENTHOS. Living in close association with aquatic substrata are a variety of
benthie invertebrates. The benthos are, for instance, a major link in the
coastal detritus-based food web. Many species feed on detrital materials and

associated microorganisms and, by so doing, accelerate the decomposition of

organic materials deposited on the sediment surface.

2, Peterson, C.H., 1981, The Ecological Role of Mud Flats in Estuarine

Systems, 184-192, In: P.S. Markoyits, E.D., Workshop on Coastal Ecosystems
of the Southeastern U.S., USFWS - FWS/OES - 80/59 257.
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At least 180 species of benthic invertebrates cccur in Delaware Bay. A total

of 109 and 125 species were collected in baywide sampling in 1972 and 1973,

respectively. The most widespread species were Tellina agilis, Heteromastus

filiformis, Glycera dibranchiata, Nephtys picta, Mulina lateralis,

Protohaustorius wigleyi, Gemma gemma, and Nucla proxima.3

A3 has been reported for estuaries throughout the world, the number of benthic
species in Delaware Bay increases with increasing salinity. A marked decline

in species numbers occurs in the reach adjacent to Woodland Beach, Delaware.

A total of 57 benthic invertebrate taxa were collected in the upper bay and

lower river during 1974-1976. Scolecolepides viridis, Polydora spp., Paranais

litoralis, Balanus improvisus, and Cyathura polita were dominant, comprising

78 to 80 percent of annual mean density. These taxa are physiologically

tolerant of the wide range of salinity in this part of the estuary.

A total of 70 benthic invertebrate taxa were collected in the Delaware River
between Beverly and Burlington, New Jersey during 1970-1973. Limnodrilus

spp., Procladius culiciformis, Corbicula manilensis, and Peloscolex ferox

dominated the catch. These species do not appear in catches taken in the

lower river and bay.

Crassostria virginiana - American oyster. A major commercial fishery exists

in Delaware Bay. The fishery has existed since colonial times, bgt like so
many other fisheries, is now a fraction of its former size. In 1880, the New
Jergey fishery yielded 21.0 million pounds of meats worth 2.1 million
dollars. From 1880 to 1931, the average annual harvest was 13.9 million
pounds. From 1932 to 1956, it averaged 6.5 million pounds, and from 1957 to

1977, the average was 1.0 million pounds. Oyster landings in the State of

3 Delaware River Basin Commission, 1981, The Delaware River Basin - The
Final Report and Environmental Impact Statement of the Level B Study, 140 pp.
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Delaware underwent a similar decline and in Pennsylvania they stopped
altogether in 1980. A decrease in the average annual harvest of oysters can
be attributed to overfishing, an increase in harvesting efficiency, and MsSX
related mqr-talities.u MSX is a sporozoan parasite that first appeared in the
Spring of 1957. It has since spread over the lower bay, and has killed
oysters as far upbay as- the Cohansey Bed, Oyster beds can be divided into
three types: {1) the natural beds; (2) the planted beds in Delaware Bay; and
{3) the adjacent river beds. The natural beds are seed areas from which
oysters are dredged and normally placed on beds leased from the state, termed
planted bedsa. Oysters occurring in the tributaries are called river beds and
have been harvested or used as seed depending on thelr size and supply. In
recent years river oysters have been exclusively transferred to planted beds

for purposes of depuration.

Although the oysters range from the mouth of Delaware Bay to Hope Creek, NJ,
the major beds (in terms of density and size of individuals) are located south
of the Cchansey River on both sides of the bay, with extensive intertidal
flats on the New Jersey side along Cape May. Distribution in the lower bay is
in large part due to the hydraulic conditlons that apparently favor settling
on the Cape May flats. Circulation together with sub-marine topography (deep,
elongate channels), predation, and the lack of a continuous shell bottom thus
makes the west side of the bay a difficult‘site for oyster larvae to

colonize.-5 Oysters only play a minor commercial role in Indian River Bay.

The Delaware Bay oyster industry has recently shown subsatantial improvement

from the low point of the 1960's. The mean of reported landings has risen

4 Haskin, H.H. and S.E. Ford, 1982, Haplosporidium nelsoni. (MSX) on
Delaware Bay Seed Oyster Beds: A Host - Parasite Relationship along a
Salinity Gradient. Journal of Invertebrate Pathology #0: 388-405.

5 Maurer, D. and L. Watling, 1973, The Biology of the Oyster Community
and ita Associated Fauna in Delaware Bay, Delaware Bay Report Series, Vol.
6., 97 ppy, University of Delaware, Newark.
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from 1.1 million pounds during the 1958-1977 period to 1.5 million pounds
during 1972-1977. During the same periods, and perhaps more indicative of the
improvement, mean oyster plantings in New Jersey rose from 184,500 bushels to
299,000 bushels. In 1980, an estimated 434,000 bushels were tranferred to the
leased grounds. Experts believe the bay may eventually yield 3.5 million

pounds of oyster meats (0.5 million bushels) annually.

The oyster industry is almost entirely dependent on natural seed beds in the
upper bay. The beds extend from the vicinity of Egg Island Point (RM 21) to
Artificial Island (RM 48). The New Jersey side of the bay contains 24

distinet beds, totaling approximately 17,000 acres. The Delaware side has 11

beds totaling approximately 1000 acres.

Oystermen remove young oysters from the seed beds during a State-regulated,
three to four week period in May and June each year and transfer them to
leased grounds in the high salinity lower bay for faster growth. After one to
four years, the oysters are harvested and shipped to market. New Jersey has
approximately 29,000 acres in lower Delaware Bay leased for oyster harvest.
Delaware has approximately 9,000 acres that are actively leased and an

additonal 8,000 acres in inactive leases in the bay.

Mercenaria mercenaria - Hard Clam. This species is characterized by an

extensive geographic range and inhabits sheltered bays and inlets. This
species is important to the recreational clammer as well as the commercial
clam industry, and is the largest commercial clam in the U.S. It has
accounted fbr approximately 17 percent of the teotal volume and 53 percent of
the total ex-veasel (il.e., dock side) value in the past ten years.
Unfortunately, productive bottoms for these species are being impacted by

dredging and filling operations in coastal astates.
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The hard clam was formerly an important commercial species in the Delaware
Bay. Although hard clams are still available commercially, their importance
as a commodity has drastieally decreased in the last ten years. A survey in
1971 demohstrated the Delaware Bay clam population to be sericusly depleted.
This may be due in part to the increasing number of c¢lammers since the oyster

fishery has declined.

The hard clam is the most abundant shellfish in Indian River Bay and still
supports a commercial operation. Both in the bay and rivers, the hard clam is

commonly found iﬁ fine sands with clay, near and in, oyster barsf Local

oystermen consider oid, noncultivated oyster beds as productive sites for

harvesting hard clams,

Hard clams constitute a valuable resource in Delaware Bay. The maintenance of
this resource depends on a continuation of favorable environmental conditions
necessary for the healthy development of the clams. Many areas of Delaware
Bay have become contaminated with bacteria, rendering hard clams unsuitable
for human consumption. Other modifications in the environment through human
activities that have changed temperature, salinity, turbidity, or circulation
patterns may have deleterious effects on the harvestable population by

damaging the extremely vulnerable larval stages of the clam.

Callinectes sapidus - Blue Crab. A major commercial fishery exists in the bay

for the blue crab (Callinectes sapidus). Commercial crabbing began in the

1870's and records have been maintained by individual States since 1880.
Since 1929, the East Coast catch has steadily Increased, reaching an annual
average of 119 million pounds, with most of the crabs coming from Chesapeake

Bay. During 1971-1977, the average annual catch and value in Delaware Bay was

4,0 million pounds.

FISHERIES. The Delaware River Estuary and Indian River Bay are recognized as
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important feeding and breeding grounds for many commercially and

recreationally important species of fish.

The Delaware River Estuary is inhabited by at least 228 species of resident
and migratory fishes. It is primarily important as a spawning and nursery
ground. Early life stages of 112 species were detected in tidal watefs and
non-tidal waters near the tidal limit in the State of Delaware. The estuary

is also used for summer and winter feeding.

At least 30 species of fish are commercially taken in the estuary. During the
pericd 1960-1975, almost 58 million pounds of fish valued at 3.2 million
dollars were harvested. The 10 most valuable species were Brevoortia

tyrannus, Morone saxatilis, Cynoscion regalis, Anguilla rostrata, Alosa

sapidissima, Morone americana, Cyprinus carpioc, Pomatomus saltatrix,

Paralichthys dentatus, and Ictalurus catus.

Recreational fishing 1s an important industry in the bay. Approximately
331,000 man-days of vessel fishing (1973 estimate) and 225,000 man-days of
shore fishing (1976 estimate) occurred from the Delaware side. An estimated
300,000 to 650,000 man-days of sportfishing effort are expended annually on
the New Jersey side. Weakfish, summer flounder, black sea bass, black drum

and bluefish are the species most scught after.

Brevoortia tyrannus - Atlantic Menhaden. The Atlantic menhaden 3pawns in

waters off the Atlantic coast. Hatehing occurs at sea and in areas close to
shore from late spring through early winter. After hatching, larvae move
inshore to brackish and freshwater nursery grounds. The Delaware River from
Wilmington to Artificial Island and the Chesapeake and Delaware Canal is an
important nursery ground. Tidal creeks of the lower Delaware River are also
important. Young fishes migrate to higher salinity and deeper waters as water
temperature declines in fall; most migrate south and overwinter in offshore
waters.
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Cynoscion regalis - Weakfish. The weakfish has been the most important

sportfish in the Delaware Estuary in recent years. Adults spawn in the lower
bay from about May through September and eggs have been collected as far up-
bay as Mad Horse Creek. After hatching, the larvae sink to the bottom of the
water column to be carried upstream by subsurface flow. Larvae and young move
up the estuary as far as Wilmington, Delaware but the upstream penetration may
be limited by low dissoclved oxygen concentraticns in that area. Young also
utilize the tidal creeks of the upper part of the estuary as nuraery

grounds. Young weakfish move to the lower estuary in the fall and eventually

winter in nearshore areas along the coast.

Morone saxatilis - Striped Bass. The striped bass is an anadromous species

that spawns in the lower reaches of large rivers. I1ts most impertant spawning
grounds are the Roanoke River, certain tributaries to Chesapeake Bay, the
Chesapeake and Delaware Canal and the Delaware River and Hudson River
Estuaries. Stocks have been reduced in the Delaware River since 1940 for

reasons probably related to lack of suitable spawning habitat.

Adults spend most of the year in the lower bay or offshore, entering the upper
bay and lower river for spawning in April and May. Some eggs have been taken
near Artificial Island, the product of local spawning and/or transport from
more distant spawning areas (Chesapeake and Delaware Canals). Young utilize
this area as a nursery ground during summer and fall, eventually moving to the

lower bay to overwinter.

Alosa sapidissima - American Shad. The American shad is another anadromous

species, but spawning cccurs far upstream in the non-tidal portion of the

Delaware River. Spawning adults normally pass through the estuary in early

spring before the dissolved oxygen "barrier™ establishes itself in the
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Philadelphia area. The seaward migration of juveniles usually begins in
September and peaks I1n October. Most adults die after spawning but some
survive and return to the sea. Population of shad have increased in recent

years due to improved water quality conditions in the Delaware River.

Morone americana - White Perch. The semi-anadromous white perch migrates from

brackish waters (5-18 parts per thousand (ppt)) of Delaware Bay in spring,
moving upriver to spawn in low salinity or fresh waters. Spawning is most
commont above Newbold Island, but also occurs from Lambehtville, NJ to
Artificial Island. After spawning, adults begin to move in prolonged stages
back down the river. In summer they prefer low salinity or fresh ﬁaters and
seem especially attracted toc the saltwater-freshwater interface. Adults and
young continue to move downriver in late summer and fall, ultimately wintering

in the deep warmer waters of Delaware Bay.

Pomatomus saltatrix - Bluefish. The bluefish spawns in offshore waters of the

Atlantic Ocean and in the lower reaches of some estuaries. However, eggs and
larvae have not been collected in the Delaware River Estuary. Juveniles use
the estuary as a nursery ground, occurring mostly between Woodland Beach and
the Chesapeake and Delaware Canal from May through October. Young also occur
in lesser numbers in the lower part of the Delaware River, Chesapeake and
Delaware Canal and tidal creeks'of the.upper Delaware Bay. Adults use the

estuary as a feeding ground.

Paralichthys dentatus - Summer Flounder. The summer {lounder spawns in

offshore waters of the Atlantic Ocean and the most important spawning grounds
seem to be located off Neﬁ York and New Jersey. Larvae move toward shore when
they are able to swim. Young of the year were collected from September
through early April throughout Delaware Bay as far up the estuary as the
Chesapeake and Delaware Canal and at salinities as low as 1 ppt. Adults use
higher =2alinity areas of the hay for feeding.
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Anguilla rostrata - American Eel. The Amercian eel is a catadromous species,

which means it lives in freshwater systems, bulb spawns at sea. Young,
transparent "glass eels™ are carried by the current and swim to the mouths of
coastal estuaries where they develop further into elvers and eventually
adults. Glass eels first appear in the Delaware River Estuary during December
and continue to enter the estuary throughout the month of May. Most young
move up the estuary to low salinity and freshwater areas, especially tidal

tributaries.'

Ictalurus catus - White Catfish. The white catfish is resident of the

Delaware River and many of its lower tributaries. Although it is most
commonly found in fresh water, specimens have been collected in salinities as
high as 14.5 ppt. Numerous specimens were collected in tidal creeks of the
lower Delaware River, most of which were in brackish water {salinity as high

as 7.9 ppt).

Cyprinus carpio - Carp. The carp is an introduced resident of freshwater and

brackish reaches of the Delaware River. In the Artificial Island area,
specimens have heen collected offshore, in the shore zone and from
tributaries. Salinities ranged from 0.0 to 10.5 ppt. Spawning occurs in
tidal freshwater creeks in the Delaware area from early May through early

June.

WILDLIFE. It is only in relatively recent years that man has begun to
comprehend the role of wetlands in the estuarine ecosystem. In particular,
wetlands are said to be of utmost imbortance to the health and welfare of
numerous fishes and shellfishes. Although this relationshilp is an extremely

important and essential one, it must be kept in mind that the wetlands and
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marshes are also important to many otiier animals including song birds, ducks,
geese, wading shore birds, birds of prey, fur-bearing mammals, plus some

amphibians and reptiles.

The 1list of animals that are commonly ‘ound on wetlands of the study area is,
indeed, a long one. Each of these animals play an important role in
maintaining the ecoclogical balance of the system as they interact with the
wetlands by feeding, nesting, spawning and dying. Many of these animals spend
their lives in particular zones or areas in the marsh. Yet, in many cases, it
is difficult to determine specific ranges of certain wetland-dependent

organisms.

Of the animals that do spend most of their lives in one part of the marsh,
many are smaller forms such as the invertebrates, birds and small mammals.

Invertebrates such as the marsh snail (Melampus bidentatus), the fiddler crab

(Uca spp.) and the ribbed mussel (Modiolus demissus) are common low marsh

inhabitants of tide lands.

The Delaware River Estuary is used by numerous species of herons, ibises and
egrets, commonly known as large wading birds. The birds range throughout the
estuary in saltwater, brackish and freshwater areas. Their food habits
include a great variety of animal foods and only incidental use of plant
materials., Fish, eels, frogs, toads, salamanders, lizards, snakes, crayfish
and many kinds of insects are eaten. Some of the larger herons take mice,
birds and young rats. In general, large wadlng birds are mobile,

opportunistic feeders, adept at capturing prey under diverse conditions.

Two important heron rookeries or nesting sites occur in the Delaware River
Estuary. Both are located in the brackish zone. Pea Patech Island provided

nesting for nine species of wading birds in 1977, totaling over 6,000 pairs.
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The J. Gordon Armstrong site near Delaware City, DE, supports over 100 pairs

of great blue herons.

Shorebirds, in migration, frequent most of the habitat types found in the
Delaware River Estuary, feeding on a variety of small marine and freshwater
animals. Shorebirds in the study area include plovers, oyster catchers,
gulls, terns, and skimmers. Included in their diet are insects, worms,
mollusks, crustaceans, fish and small amounts of plant material. As the most
productive feeding areas are large, tidal mudflats, shorebird concentrations
are greatest in therlower estuary where large expanses of tidal mudflats are

more commorn.

Some marsh birds can be found in low marsh areas where they remain for a large

part of their lives. Clapper rails (Rallus longirostris) are typical low

marsh residents that build their nests and raise their young among the stems
of the tidal grasses. Both clapper rails and black ducks consume low marsh
inhabitants, the crabs andAsnails. Seaside sparrows, red wing blackbirds and
sharp-talled sparrows principally consume cordgrass seeds. Cordgrass is also
consumed by insects which form the base of the diet of many birds. Another

common inhabitant is the willet (Cataptrophorous semipalmatus) whose nolsy

call usually precedes any strange visitor.

Among the small mammals who tend to remain in a fairly limited area are the

meadow mouse {(Microtus pennsylvanicus) and the muskrat (Ondatra zibethica).

The meadow mouse is usually found in the landward edges of the wetlands near

the salt hay {(Spartina patens) zone. Mice range over large areas but still

spend much time in the area of their nests. The nests represent safety and
shelter and during adverse conditions, the mice seldom leave them. The
muskrat is a very well known marsh inhabitant. It too, chooses a particular

area in which to reside and tends to remain clese by.
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Animals that are essentially upland species ocecasionally roam into the marsh

and wetland areaa in search of food. Raccoons (Procyon lotor), oppossums

(Didelphus marsupiala) and woodchucks (Marmota monax) often travel into the

lower marsh to feed on shellfish and crabs. When conditions on the marsh are
not too severe, as during neap tide periods, these animals may remain for

several days at a time. Weasels (Mustela frenata), red and gray foxes (Vulpes

fulva and Urocyon cineracargenteus), deer (Odocoileus virginiana) and rabbits

(Sylvilagus floridanus) also travel from upland to lower marsh areas on

occasion.

Other extremely important users of marshes and wetlands are the transient
species to whom the marshes represent feeding and resting sites. The most
common of these are waterfowl. The study area is situated glong one of the
major flyways of the North American continent, and as a result, these wetlands
are used extenzively by many different migrating species. An estimated
300,000 ducks and geese, comprising 30 species, overwinter in the Delaware

River Estuary, mostly in tidal wetlands, providing an estimated 320,000 man-

days of hunting annually. Mallards (Anas platyrhynchos), pintails (A. acuta),

blue and green-winged teals (A. carolinensis and A. discors), black ducks (A.

rubripes), and gadwalls (A. strepera) are some of the duck species that can be
found in the study area wetlands along with the magnificant Canadian Geese

(Branta canadensis).

Waterfowl use the Delaware River Estuary as a staging area during migration as
well as a wintering area. Most use is concentrated in and around the bay and
lower river where much of the tidal marsh is located. Freshwater and brackish
plant fooda are favored, although certain waterfowl do consume saltmarsh

plants or animal foods associated with salt marshes.
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Predator-prey interactions also involve the top predatory species such as

foxes, the otter (Lutra canadensis) and hawks. Foxes are sometimes seen in

the upland margins stalking feeding ducks. Marsh hawks (Circus cyaneus), the

most common bird of prey found in many wetlands, are often seen fringing

wetland areas in search of mice, rats and young muskrats upon which they feed.

THREATENED AND ENDANGERED SPECIES. The lower Delaware River and Bay Region
and Indian River Bay Region are within the historic range of 17 Federally
threaténed or endangered species as desigﬁated by the U.S. Department of the
‘Interior (Table 3): seven species of whales, five species of marine turtles,
four species of birds and one speciles of fish. The whales and turtles are
primarily oceanic, but occasionally venture into Delaware Bay. Three of the
bifds are raptorial and migrate through the area. The other bird, the brown

pelican, is a rare visitor. The shortnose sturgeon (Acipenser brevirostrum)

was first discovered in the Delaware River in 1817, and was described as a new
species based upon U specimens obtained that year. The species was apparently
relatively common in the Delaware River until about 1910, but then it seemed
to suffer a serious decline in numbers, and no documented captures were
reported in the literature from 1913 through 1953. Because of its apparent
scarcity throughout its range from Canada to Florida, the shortnose sturgeon
was placed on the original Endangered Species list approved by Congress in
1973. The paucity of records of shortnose sturgeon in the Delaware River has
continued up until the present, but may be attributed as much to a lack of

proper sampling as to the scarcity of shortnose sturgeon.

Recent studies performed for the Philadelphia District have demonstated that
shortnose sturgeon are found in the tidal Delaware River, but population size
is unknown. Evidence available for the Delaware River and other similar river

systems indieate that spawning occurs upstream of Trenton. Larvae and small

39



TABLE 3

THREATENED/ENDANGERED SPECIES
IN THE LOWER DELAWARE RIVER AND BAY REGION®

SPECIES DELAWARE NEW JERSEY PENNSYLVANTA

Blue whale, Balaenoptera Musculus (E)

Bowhead whale, Balaena mysticetus (E)

Finback whale, Balaenoptera physalus (E)

Humpback whale, Megaptera novaeangliae (E)

Right whale, Eubalaena spp. (E)

Sel whale, Balaenoptera borealis (E)

Sperm whale, Physeter catodon (E)

Bald eagle, Haliaeetus leucocephalus (E)

American peregrine falcon, Falco peregrinus anatum (E)
Arctic peregrine falcon, Falco peregrinus tundrius (E)
Brown pelican, Pelecanus occidentalis (E)

Green sea turtle, Chelonia myda (T)*¥

Hawkabill sea turtle, Eretmochelys imbricata (E)
Atlantic Ridley sea turtle, Lepidochelys coriacea (E)
Leatherback sea turtle, Dermochelys coriaced (E)
Loggerhead sea turtle, Caretia caretta (T)

Shortnose sturgeon, Acipenser brevirostrum (E)

PP Bg b bd DG bd G B DG P PO DG PC PG P
i T T B B
o

(E) Endangered

{T) Threatened

*% Species i3 not found in Indian River Bay Area

¥ Source: Federal Register

juveniles then drift downstream and disperse in the freshwater tidal portion
of the river, but remain primarily in deeper channel areas. Larger juveniles
were rare in recent collectiona but apparently also live primarily in the
tidal freshwater portion of the river, in deeper channel areas. Because of
this preference for channel areas by larvae and juveniles, the possibility
exists that dredging operations could affect this part of the sturgeon

population, either by direct injury by the dredge or by increased turbidity

generated by dredge operation. Adult shortnose sturgeon form aggregations
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at certain sites in the river channel between Trenton and Newbold Island from
about March through October and at such times could be vulnerable to injury by
dredges. At other times they should usually move away from areas being
disturbed by an active dredge and should not be adversely affected.

Additional studies will be performed to address these concerns.
SEDIMENTATION ©

SOURCE OF SHOAL MATEﬁIAL. The primary sources of shoal material in the
Delaware River are from up}and areas, tributaries, storm and sanitary sewer
inflow, and from solids produced by organisms such as diatoms. The question
of how much sediment enters the estuary from the ocean is unresolved.

However, it has been observed that sediments entering from the ocean do not
progress up the estuary beyond the head of the bay (RM Y47). Estuary bank
erosion 1s not considered significant as a source of sediment, because much of
the shoreline is either bulkheaded, or marshland with erosion resistant

vegetation.

SEDIMENT MOVEMENTS AND SHOALING. The rate of sediment transport inte the
estuary depends on the hydrology, which is extremely variable. The degree of
shoaling varies throughout the estuary due to differénces in freshwater
inflow, tidal influence, predominant flow direction of near-bottom currents,
salinity and cross-sectional area. However, it has been observed that annual
shoaling quantities are nearly constant over time in dredged channels and

anchorages.

6 U.S. Army Corps of Engineers, North Atlantic Division. 1973. Long Range

Spoil Disposal Study - Part III Sub-~Study 2, Nature, Source, and Cause of the
Shoal. .
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CHARACTERISTICS OF BED MATERIAL. From the mouth to about RM 40 (see Figure
1), the bed of the Delaware Estuary consists predominantly of fine grained
materials with some fine to coarse sand. From RM 40 to about RM 95, the
channel bottom consists largely of silt, although there are a few areas where
granular material or rock outcrops are encountered. From RM 95 to RM 102,
materials encountered include mostly compacted fine material intePSpersed with
some sands and outcroppings of gneisses and schists near the upper end of the
reach. From RM 102 to the head of tide, the channel bottom is composed of

silt, clay, sand, gravel and bedrock.

For the Indian River Inlet and Bay, the bottom sediments range from shell,
pebbles, coarse sand, silts and clays to clean fine sand. At the headwaters -

of the bay, the sediment is primarily silt and clay.

CHEMICAL QUALITY OF SEDIMENT

Sediment testihg; conducted over the past four years, indicates that no
serious pollution problems exist with respect to sediment gquality in the study
area. Testing has primarily been done on an as-needed basis for the purpose
of obtaining state water quality certificates. Concentration ranges for
‘various constituents are presented in Tables 4 and 5 for the Philadelphia to
Trenton and Philadelphia to the Sea navigation projects, respectively. The
parameters include heavy metals, sﬁlfate[ nhloride, total Kjeldahl nitrogen,
total organic carbon, o0il and grease, suspended solids, fecal coliform,and
total coliform. Heavy metals (As, Cd, Cr, Cu, Fe, Pb, Mn, Ni, Se, and Zn)
were present in the sediments of most channel ranges with Irbn and Manganese

- present in highest concentrations. Low concentrations of pesticides have also
been found in the study area. These include N-aryl carbamates, O-aryl

carbamates, organochlorine, organophosphorous, phenoxy acids, and triazines.
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TABLE 4

CONCENTRATION RANGES OF SELECTED CONTAMINANTS PRESENT
IN THE DELAWARE RIVER SEDIMENTS (PHILADELPHIA TO TRENTON)

(all in mg/l except as noted)

HEAVY METALS

ELEMENT CONCENTRATION
Arsenic (As) <.001- .214
Cadmium {Cd) <.001- .018
Copper (Cu) .008-<.03
Chromium {Cr) <.001- .02
Iron (Fe) .050-3.36
Lead {Pb) <.001~- .31
Mercury (Hg) (ng/l) <.05-<1.2
Maganese (Mn) .38 -6.97
Nickel (Ni) <.02 - .219
Selenium (Se) <.001- .108
Zine (Zn) <.004- .98
Volatile Organics

Benzene (ng/1) ND - 120

Toluene (ng/1 ND - 200
Non-Volatile Organics

4,4' - DDT (ug/l) ND - .0351

4,4t - DDE {(ug/l) ND - .00657

4,4t - DDD {(ug/l) ND - .159

PCB's (pg/l) ND - 1.6
Total Cyanide <.001 - .005
Sulfate 4.5 - 9.0
Chloride . < 3.0
Nitrogen - Total Kjeldahl -T7 - 149.3
Carbon -~ Total Organic <.10 - 27.0
0il and Grease , .60 =27200
Suspended Solids 1 =10
Total Coliform {(colonies/100 ml) b -2600
Fecal Coliform (colonies/100 ml) ND -280
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TABLE 5
CONCENTRATION RANGES OF SELECTED CONTAMINANTS PRESENT

IN THE DELAWARE RIVER SEDIMENTS (PHILADELPHIA TO THE SEA)
{all measured in mg/l except as noted)

HEAVY METALS

ELEMENT : CONCENTRATION
Arsenic {As) 001~ 011
Cadmium (Ccd) < .001~- <.01
Copper (Cu) 007~ 127
Chromium (Cr) .001- .19
Iren - (Fe) 1B62-125.5
Lead _{Pb) < .001- .36
Mercury (Hg) (ng/l) < .0001-20
Maganese {Mn) <.012- 8.42
Nickel (Ni) < .01- .16
Selenium (Se) ‘ <.001-  .193
Zine (Zn) .005- .86

Volatile Organics

Benzene (ng/1) ND =<1.0
Toluene (Lg/l) ND -<i1.0

Non-Volatile Organics

4,4 - DDE (ng/l) ND -<1.0
4,4t - DDD  (ug/l) ND -<1.0
PCB's ND -<.10
PCB's (ng/1) ND -<9.0
Total Cyanide < .001 - 011
Nitrogen - Total Kjeldahl +39 =~ 55.0

“Carbon - Total Organice ' < o1 -1183
0il and Grease < .10 - 227.0
Suspended Solids . 7.0 - 16.0
Total Coliform (colonies/100 ml) 3 -1440
Fecal Coliform (coleonies/100 ml) ND -380

ND - not detectable
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‘A variety of volatile and non-volatile organic compounds have also been
identified. To date, presence of these pollutants has not impeded dredging in
the project area or the obtaining of required water quality certificates from
the states of New Jersey, Pennsylvania or Delaware. Additional testing will
be performed in the future in connection with solicitation of water quality
certification for maintenance dredging as is appropriate. Sediment testing
has also been conducted on Indian River Bay in conjunction with maintenance
,dredging. No serious water quality problems have been encountered in this

area to date.

HUMAN RESOURCES

POPULATION. becording to the 1980 U.S. Bureau of Census data, the population
of the entire‘study area is 5,182,000. County totals range from 1,876,000 in
Philadelphia County, Pennsylvania to 62,300 in Salem County, New Jersey. A
more appropriate comparison is the difference in population density. In 1980,
Philadelphia County had a density of 14,547 people per square mile while
Sussex'County, Delaware had a density of 99 people per square mile. This
difference is indicative of the variations from urban areas ﬁo spacious rural

areas.

According to Table 6, the population is increasing in most coﬁnties. However,
. Delaware and Philadelphia Counties in Pennsylvania showed a 2.9 percent and

3.8 percent decrease respectively from 1970 to 1980.

EMPLOYMENT. The clagses of industry that employ the majority of persons in
the study area are manufacturing, and wholesale and retail trade. Another
important field of employment is service. The total labor force is 2,284,500
persons, ranglng from 804,300 persons in Philadelphia County to 29,250 persons
in Salem County. Estimates of labor force in the study area are shown by

county in Table 7.
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COUNTY

EW JERSEY
Burlington
Camden
Cape May
Cumberland
Gloucester
Mercer
Salem

'ENNSYLVANIA
Bucks
Delaware
Philadelphia

ELAWARE
Kent
New Castle
Susaex

‘OTAL STUDY AREA

POPULATION AND POPULATION DENSITY

TABLE 6

POPULATION

u6

POPULATION PERCENT
: AREA POPULATION DENSITY POPULATION DENSITY CHANGE
(SQ. MILES) 1970 1970 1980 1980 1970-80
818 323,132 395 376,700 461 16.6
222 356,291 2,055 483,200 2,177 5.9
263 59,554 226 85,900 327 quy.2
502 121,374 242 135,100 269 11.3

328 172,681 526 201,300 614 16.6
226 304,116 1,346 323,500 1,431 6.4
347 60,346 174 62,300 181 4.2

614 416,728 679 453,000 738 8.7

184 603,456 3,280 586,100 3,185 -2.9
129 1,949,996 15,116 1,876,500 14,547 -3.8
595 81,892 138 98,700 166 20.5
437 385, 856 883 405, 800 929 5.2

9Uh 80,356 35 93,900 99 16.9
5,611 5,015,778 894 5,182,600 924 3.3




TABLE 7

LABOR FORCE
IN THE STUDY AREA

COUNTY LABOR FORCE

PENNSYLVANIA {(a)

Bucks 214,400

Philadelphia 804,300

Delaware 257,100
DELAWARE (b)

New Castle 186,900

Kent and Sussex 90,000
NEW JERSEY (c)

Mercer 159,900

Burlington 157,058

Camden 207,900

Gloucesater 88,200

Salem 29,250

Cumberland 59,600

Cape May 40,000
STUDY AREA TOTAL 2,294,608

(a) Philadelphia Labor Area Annual Planning Report, May 1981
{b) State of Delaware Annual Planning Report June 1980

{c) New Jersey; Dept of Conservation and Economic Development, 1980
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SUMMARY OF TRAFFIC
DELAWARE RIVER AND TRIBUTARIES
TRENTON TO THE SEA
(short tons)

LOCALITY
Trenton Harbor, NJ
Burlington-Florence-Roebling, NJ
Penn Manor, PA, and Vicinity
Bristol, PA, and Viecinity
Philadelphia Harbor, PA
Camden-Gloucester, NJ
Chester, PA
Marcus Hook, PA, and Vicinity
Paulsboro, NJ, and Vieinity
Thomﬁson Point, NJ and Vieinity
Wilmington Harbor, DE
Penns Grove-Carneys Point, NJ
New Castle, DE, and Vieinity
Artificial Island, NJ, and Viecinity
Lower Delaware Bay, NJ
Lower Delaware Bay, DE,

GROSS TOTAL

Source: Waterborne Commerce of the United States, 1981.

TABLE 8
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TOTAL
1,081,558
527,428
4,196,192
36,107
41,583,752
7,510,599
663,091
21,550,791
20,581,505
394,937
3;128,230
427,003
11,732,099
5,185
18,889

10,716,007

127,153,373



COMMERCE. There are 14 port areas and two open-bay areas which are
gignificant handlers of waterborne commerce along Delaware River and Bay from
Trenton to Cape May, New Jérsey. Philadelphia Harbhor handles the most
traffic. Other large ports in the study area are Paulsboro, New Jersey,
Marcus Hook, Pennsylvania, and New Castle, Delaware. Tonnage moving through

each of the major ports along the Delaware River is shown in Table 8.

The ports along the Delaware River account for about 50 percent of the North
Atlantic bulk traffic. The total gross volume of cargo which movéd through
the various port facilities in this region totaled moré than 125 million short
tons in 1981. Despite a 5 million decrease between 1980 and 1981, the net

increase in import tonnage between 1965 and 1980 was about 7 million tons.

Thohgh not a major center of commerce, the Indian River Inlet and Bay area
serves as both an active recreational boating area and a thoroughfare for the
passage of recreational vessels. Commerce is generally limited to commercial
fishing vessels. These conditions also hold for Rehoboth Bay and the other
inland waterways of Delaware's Atlantic Coast as the State of Delaware desires

to maintain them as natural areas.

Other tidal tributaries in the study area which serve as active recreational
boating areas and commercial fishing foci are the Neshaminy State Marina in
Pennsylvania, Mispillion and Murderkill Rivers in Delaware and the Maurice

Rivér in New Jerasey.
PROBLEM IDENTIFICATION

INTRODUCTION

As described in the previous section, a total of 5 deep draft and 17 shallow
draft navigation projects are currently being maintained by the Philadelphia
District in the study area. The dredging requirements for these projects

along with the associated work performed by the private sector were projected
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over a S0 year period (1980-2030). 1In addition, the needs.for potential
future projects belng pursued by the Federal and private sectors for
implementation during the 50 year period were assessed. The resulting volume
of dredged material for the current and future projects was compared to the
remaining capacity at existing disposal sites. This comparison, as might be
expected, produced a net deficit since the presently available capacity is
insufficient to meet the long term dredging needs. As a result, the study
attempted to satisfy the deficits for various levels of dredging through the
alternative measures, presented in the Plan Formulation portion of this

report.

FEDERAL AND NON-FEDERAL DREDGING

The dredging volumes were sub-divided into Federal and Non-Federal categories
in order to accommodate the appropriate dredging mode and associated
transportation costa. The Federal dredging involves the maintenance of
projects authorized by.Congress. The dredged material from the maintenance of
the Federal projects is usually'disposed in Federally owned or leased sites.
In many cases, it is the responsibility of the Federal Government to provide
the necessary disposal areas. Philadelphia to the Sea, Wilmington Harbor,
Delaware River at Camden, Schuylkill River and some of the shallow projects
are examples of projects where the enabling legislation requires the Federal
Government to provide the disposal areas. For the remaining projects
(Philadelphia to Trenton and the remaining shallow draft projects) the sponsor

is requiread to provide the disposal area as an item of local cooperation.

Non-Federal dredging is performed by regional, State and local agencies as
well as private dredging companies to provide access from berthing areas to
one of the Federally maintained channels. Most of the associated material is
placed either on-site or in disposal areas that are provided by the dredging

contractor.
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DREDGING LEVELS

HISTORIC DREDGING. This level of dredging represents the volume of dredged
material that is currently being removed to maintain the 5 deep draft and 17
shallow-draft navigation projects and the accompanying private work. The
Federal dredging quantities were based on data gathered from the Long Range
Spoil Disposal Study, Envircnmental Impact Statements, and dredging
“construction files {years 1968 to 1980). Non-Federal dredging quantities were
determined from Federal permit files, questionnaires and telephone

interviews. Quantities for both sectors were averaged over a number of years

of available dredging data. The resulting quantities are shown in Table 9.

TABLE 9

'ANNUAL HISTORIC DREDGING QUANTITIES (CY)

DEEP DRAFT SHALLOW DRAFT TOTAL
FEDERAL 7,980,000 210,000 8,190,000
NON-FEDERAL 3,033,000 30,000 3,063,000
TOTAL 11,013,000 240,000 11,253,000

POTENTIAL NEW PROJECTS. This level of dredging considers those new projects
that may be implemented during the 50-year siudy period. The dredging volume
associated with this level represents an additional increment to that shown
for the historic level. It is emphasized that it is not the intention of this
study to deﬁonstrate the viability of these projects nor to recommend their
implementation. However, it is anticipated that the dredging needs will tend
to increase over the 50 year study period. By collectively considering both
the historic dredging and those projects which have a reasonable likelihood of
being constructed, it is anticipated that a more realistic dredging level can
be approximated. This study assumed that potential new projects shown in

Table 10 would be constructed by 1990.
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These potential projects have been identified eilther through an interim
portion of the on-going Delaware River Comprehensive Navigation Study or by an
on-going study that has reached the advanced study stages. Other projects may
be identified by the on-going Comprehensive 3tudy or by other means and could

be incorporated in the dredging plan shown later in this report, as

appropriate.
TABLE 10
POTENTIAL NEW PROJECTS3
PROJECT SOURCE DESCRIPTION
Beckett Street Terminal On-going advanced study Provide a 37' channel
to the terminal.
Beckett Street Terminal Delaware River Comprehen- Provide a channel to
sive Navigation Study the terminal with depth
greater than 37'.
Tioga Marine Terminal Delaware River Comprehen-  Deepen the existing
sive Navigation Study channel to u40'.
Schuylkill River Delaware River Comprehen-~  Deepen the existing
sive Navigation Study channel from its
confluence with the
Delaware River upstream
to Passyunk Avenue to a
depth as great as 37¢.
Petty Island Back On-going study Provide an 18' channel
Channel for a number of users in

the Back Channel.
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AUTHORIZED., The third dredging level is represented by the incremental
volumes that would be required to reach authorized dimensions. The term
"authorized refers to that established by Congress as part of the enabling
legislation. In some cases, a particular portion of a project may either have
never been constructed or may be maintained to a lesser depth or width. The
departures from authorized dimensions are generally attributed to changes in
conditions, changes in navigational needs, or budgetary constraints. This
level of dredging therefore, represents a volume that has not been dredged but
would be required (without advanced maintenance), if authorized projects were

maintained.

ASSUMPTIONS FOR DETERMINING DEEP-DRAFT PROJECT NEEDS. The needs were
determined for two conditions, namely; a worst case and a most probable

case. These two conditions, defined a range of potential needs for disposal
during the 50 year period of the study. The worst case assumed that all
identified projects would be fully constructed and maintained duriqg the study
periodﬁ Also, it was assumed that there would be a minimum level of
management at the diéposal sites. It is emphasized that steps such as
extending leases and improved site management practices have been taken to
improve upon this condition. Consequently, the needs for the disposal
capacity associated with the worst case condition scenario represent an
extreme condition that would, in all likelihood, exceed that required. It is

presented to represent an upper 1imit of the disposal capacity needed.

The moat probable condition reflects reduced needs as it assumed that dredging
associated with authorized but unconstructed projects would not be required.
In addition, this condition considered that a number of improved site
-management practices would be implemented. These measures are designed to

extend the useful capacity of existing or proposed disposal areas and are

discussed under the Plan Formulation section of this report.
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A definition of these conditions is shown below:

Worst Case Condition.

e Historic and Authorized dredging

® Anticipated new projects (These are assumed to be completed by 1990)

e Minimal Management of disposal sites {assumed a wet to dry ratio of 1.0 -
i.e., one cubic yard of river bottom material would occupy one cubic yard

disposal site capacity)

® Assumed present lease constraints would govern (i.e. leases would not be
renegotiated)

Most Probable Case.

e Historic dredging

e Anticipated new projects (again assumed to be completed by 1990)

e Viable disposal management measurés_would be employed (wet to dry ratios -
see above definition - would range from 1.3 to 2.0 depending on the site

involved)

e Leases for continued use would be renegotiated where appropriate

PHILADELPHIA TO THE SEA PROJECT

HISTORIC. Of the nearly 8 million cubie yards of material dredged annually
from Federal deep draft projects in the Delaware Estuary, approximately 6
millicn cubic yards are removed from the Philadelphia to the Sea project.
Portions of the B0 foot deep chanhel and the Marcus Hook and Mantua anchorages
require almost constant maintenance. The most significant shoaling areas are
in the Marcus Hook, Deepwater Point, and New Castle reaches (see Figure 10).
These areas Eepresent approximately 75 percent (4,500,000 cy} of the
maintenanée dredging for the project. Most of the past dredging was performed
by Corps hopper dredges with direct pumpout of the material to Federally-owned
upland disposal sites. The current trend is to perform the bulk of the
maintenance dredging by contracted hydraulic pipeline or hopper dredges. The
existing disposal areas for this project are shown in Table 11 along with
acreage and remaining disposal capacities.
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TABLE 11

REMAINING CAPACITY
OF FEDERAL DISPOSAL AREAS
PHILADELPHIA TO THE SEA PROJECT

ESTIMATED REMAINING
CAPACITY (CY)
TO MAXIMUM ELEVATION (a)

DISPOSAL AREA BANKED ACRES AS OF 1980
National Park 120 4,100,000 to El. 50
Pedricktown
North _ 567 21,700,000 to E1. 50
South K22 21,700,000 to E1., 35
Oldmans 189 6,000,000 to E1. 35
Penns Neck 325 16,000,000 to El. 50
Penns Grove : 253 132,180,000 to El. 35
Killeohook 1229 36,900,000 to El. 50
Artificial Island
" (Diked Area) 305 16,500,000 to EL. 50
Lower Delaware Bay - Open Water Site

(a} Corps of Engineers Delaware River Datum.

AUTHORIZED. 3ince no potential new projects were assumed in the Philadelphia
to the Sea project, the next level of dredging to be investigated is the
authorized level. As presented earlier, thé Philadelphia to the Sea project
includes 17 anchorages. Of these, 12 are located in deep water and, as such,
require no dredging. Of the remaining five, only Marcus Hook anchorage is
maintained to the authorized dimensions. Port Richmond and Mantua Creek have
not been maintained to their authorized dimensions, while the Deepwater Point
and Reedy Point anchorages have not been constructed. In addition, the autho-
rized 37 foot channel on the east side is not maintained. The historic and
the initial dredging requirements to obtain the authorized dimensions as well

as that required to maintain the authorized dimensions are shown in Table 12.
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TABLE 12
DREDGE VOLUMES FROM AUTHORIZED PROJECTS

DREDGING REQUIRED

HISTORIC INITIAL TO MAINTAIN AUTHORIZED
PROJECT FEATURE DREDGING (CY/YR} CONSTRUCTION (CY) DIMENSIONS (CY/YR)
Port Richmond Anchorage 0 400,000 21,000
Mantua Creek Anchorage 157,000 12,100,000 256,000
Marcus Hook Anchorage 487,000 - 487,000
Deepwater Point Anchorage 0 3,176,000 102,000
Reedy Point Anchorage 0 2,950,000 0

NON-FEDERAL DREDGING. 1In addition to the Federal dredging, approximately
2,&91,000 cubic yards of material are removed by Non-Federal interests each
'year in the viecinity of the Philadelphia to Sea project. Dredging to maintain
access to the main channel from shore-based facilities is performed
periodically by bucket and hydraulic pipeline dredges. Bucket dredging
accounts for 1,950,000 cubic yards (78%) of the material and is disposed in
White's Basin, a privately owned disposal site with an associated rehandling
basin (see Figure 10). By raising the current dikes heights to a maximum
elevation of 50 feet to increase capacity and opening of new compartments of
the site, White's Baain will satisf} the 50 year bucket dredging disposal
needs. The material removed by hydraulic pipeline dredges is dispésed on-site
or in priﬁately owned areas such as those at City Service and Getty 0il (éee
Figure 10). The remaining capacity of these sites is approximately 13.5
million cuble yards. The cépacity for these sites was determined assuming a
maximum dredge material elevation of 25 feet. The dredge material elevation
of these private sites (except for White's Basin) is constrained to 25 feet
because the areas are generally small and are planned for future development
by the land owners.
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DELAWARE RIVER IN THE VICINITY OF CAMDEN, NJ PROJECT
HISTORIC. Most of the Delaware River in the vicinity of the Camden project
has natural depths greater than that authorized and requires only occasional

spot maintenance dredging.

POTENTIAL NEW PROJECTS. A potential new project in this area involves
dredging in the vicinity of‘the Beckett Street Terminal. This project would
be a modification of the current Delaware River in the vicinity of Camden
project. The purpose of the dredging is to accomcdate ship traffic in the
area of the terminal. A recent éngineering design study confirmed the
feasibility of dredging a portion of the Camden project to its authorized
depth (37 feet)., It is presently anticipated that the dredged material will

be placed in the National Park site.

A second analyais is being considered as part of the Delaware River
Comprehensive Navigation Study to determine the viability of dredging beyond
the authorized dimensions to a depth as great as 40 feet. The dredging

volumes associated with each of these potential projects are presented in

Table 13.
TABLE 13
BECKETT STREET TERMINAL
DREDGE VOLUMES
- ANNUAL

DEPTH (FT) INITIAL CONSTRUCTION (CY) MAINTENANCE (CY/YR)

37 441,900 9,900

40 678,900 11,800
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NON-FEDERAL DREDGING. Approximately 23,000 cubic yards of material are
removed privately by bucket dredges in order to maintain berthing areas for
this project. BSince this material is disposad in White's Basin, there is no

defilcit projected for the private sector.

The disposal requirements for the Delaware River at Camden project have been
included with those for the Philadelphia to the Sea project for two reasons:
First, the Camden project is located within the Philadelphia to the Sea
limits; second, the study for the potential 37 foot channel has identified a
site which is used for disposal for the Philadelphia to the Sea project.
Consequently, Jjointly considering the needs of the two projects facilitates

the analysis.

PHILADELPHIA TO TRENTON PROJECT

HISTORIC. Approximately 550,000 cublec yards of material are APedged annually
from the Philadelphia to Trenton project. Nearly half of that amount is
removed at the upper end of the project from the Newbold, Penn, Kinkora,
Roebling, and Florence ranges. The Kinkora range is the most significant
shoaling area. The Federal maintenance is performed by contractor-operated
hydraulle pipeline dredges. The excavated material is placed in one of twelve
upland dispesal sites. These areas are not owned by the government but are
provided by the Commonwealth of Pennsylavnia and the State of New Jersey as
part of their local cooperation. Figures 11-16 show the locations of the
existing disposal and significant shoal areas within the project. The
remaining capacities of the disposal areas are shown in Table 14. Due to the
time or fill height limit contained within each particular lease, the
remaining capacity 1s currently constrained for some of these disposal

areas. In the past, local interests have furnished disposal sites on an "as
needed" basis to perform the required maintenance dredging. It is anticipated
that this practice will continue. The District is in the process of

attempting to renew the existing leases.
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TABLE 14
REMAINING CAPACITY OF
DISPOSAL AREAS
PHILADELPHIA TO TRENTON PROJECT

LEASE CONSTRAINT

ESTIMATED REMAINING
CAPACITY (CY)

BANKED TIME FILL HEIGHT TO MAXIMUM ELEVATION (a)
DISPOSAL AREA ACRES LIMIT LIMIT (ft.) AS OF 1980
Delair 71 1984 21 4,067,000 to E1. 50
Palmyra 163 1984 25 8,810,000 to E1. 50
Hawk Island 20 1984 25 1,068,000 to El. 50
Beverly 23 1984 35 870,000 to El. 50
Tenneco 33 1983 25 1,969,0Q0 to El. 50
Burlington Island 71 1984 35 2,370,000 to El. 50
Warner 234 1983 20 2,766,000 to El. 25
Warner 5Y 1983 30 551,000 to El. 30
Warner 15 1983 25 345,000 to El. 25
U.S. Steel 51 1986 20 400,000 to El1. 20
Biles Iéland‘ | 156 1986 20 10,491,000 to E1. 50
Amerada-Hess (b) 80 - 20 3,750,000 to El. 20

{a) Corps of Engineers, Philadelphia to Trenton Datum
(b) This site for private use only

66



POTENTIAL NEW PROJECTS. Tioga Marine Terminal is the only potential new
project in the vicinity of the Philadelphia to Trenton project. A 1975 study
identified the need for a 36 foot deep channel and turning basin to provide
access to the terminal (see Figure 17). This study estimated that
approximately 230,000 cubic yards of material would be removed initially for
this project and about 102,000 cubic yards annually to maintain the 36!

depth. Recent soundings, however, show only spot shoaling has taken place and
minimal dredging is required to reach the authorized ievél. The Comprehensive
Navigation Study will evaluate the potential of increasing the project depth
to as great as 40 feet. Assuming a depth of 40 feet, initial construction
would involve removing 500,000 cubic yards of material. Maintenance dredging

for this depth would amount to about 8,300 cubic yards annually.

AUTHORIZED. The authorized work remaining to be done in the Philadelphia to
Trenton project is the 35 foot deep channel from Newbold Island to the Trenton
Marine Terminal and widening of the turning basin at the terminal. 'This
construction would reduce tidal delays and the need for lightloading barge
shipments to the Public Service Electric and Gas Company's Mercer Generating
Station at Duck Island. It would also allow larger vessels to use'the Trenton
Marine Terminal. An estimated 6,200,000 cubic yards initially and 518,000
annually must be removed to construct and maintain the authorized dimensions
of the channel and turning basin. This project has not been constructed due
to lack of local support. Also, a 12 foot deep channel extending from the
Trenton Marine Terminal upstream to Trenton is not maintained to the
authorized dimenslons. An initial dredging of 32,000 cubiec yards is required

to construct the channel, with minimal maintenance.

NON-FEDERAL DREDGING. The private sector removes an additional 171,000 cubic
yards of material annually in the vicinity of this project, using both bucket
and hydraulic pipeline dredges in a manner similar to the Non-Federal dredging

for the Philadelphia to the Sea project. White's Basin has sufficient
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capacity for the 50 year period of this study for the 60,000 cublc yards
removed each year by bucket dredges. The hydraulically dredged material,
about 110,000 cubie yards annually, 1s disposed of in the Amerada-Hess and
U.S5. Steel sites (see Figure 12,15). The U.S. Steel site is alsc leased to
the State for Federal use. These sites have about 4.2 million cubie yards of

remaining capacity. This capacity is not sufficient to meet the 50 year need.

WILMINGTON HARBOR PROJECT

HISTORIC. Approximately 1.7 million cubie yards of material are removed
annually from the Christina River by the Corps of Engineers in order to
maintain depths necessary for ships using the Wilmington Marine Terminal. The
Marine Terminal at the confluence of the Christina and Delaware Rivers is
operated by the City of Wilmington. This dredging is performed by contracted
hydraulic dredges and pumped tc one of twe upland confined disposal areas
located on Cherry Island. The two Corps maintained areas, Wilmington Harbor
and Edgemoor, are used on an alternating basis with each 'site normally being
used for two consecutive years before a switch is made to the other 3ite (see
Figure 18). This allows time for drying and consolidation of material and to
increase the heighﬁ of embankments. Portions of these two areas are
government owned and the balance is leased. The worst case condition assumed
that the current lease constraints are imposed. As such, the remaining

disposal capacity amounts to only 8,300,000 cubic yards.

For the most probable case the Wilmington Harbor and Edgemoor sites would be
used until an elevation of +52 (Corps of Engineers, Christina River Datum} is
reached. Once the elevation of +52 is reached, the sites will be combined as
one to allow the deposition of drédged material to a final elevation of +70.

The remaining capacity feor the above conditions is 13,500,000 cubic yards.
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AUTHORIZED. Although there are no anticipated potential new projects, several
upstream reaches in the Christina River have been autherized for dredging but
have never been constructed. The total length of the réaches is over 8.5

miles and the authorized depths range from 7 to 21 feet. An estimated 887,000
cubic yards of material would be removed initally and about 89,000 annually to

reach and maintain these authorized depths.

NON-FEDERAL DREDGING. The City of Wilmington dredges 67,000 cubic yards of
material annually between the Federal channel and their docking facilities.
This dredging, like the Federal work, is performed by hydraulic pipeline
dredges and the material is pumped to the disposal areas on the Federal sites
at Cherry Island. The City pays the Corps a fee for use of the Federal

disposal areas.

SCHUYLKILL RIVER PROJECT

HISTORIC. Maintenance dredging of the Schuylkill River is limited to the
navigation channel from the Delaware River to Gibson Point in Philadélphia.
The lower porticn of the project, from the Delaware River to Passyunk Avenue,
is dredged by contracted hydraulic pipeline dredge to a depth of 33 feet.
Approximately 220,000 cubic yards of material are excavated annually to
maintain this channel and deposited in the Fort Mifflin disposal area (see
Figure 10). The remaining capacity {(as of 1980, to 50 foot elevation) of this

site is about 13 million cubie yards.
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The upper reach of the dredged channel (Passyunk Avenue to Gibson Point) is
maintalned to a depth of 26 feet. The dredged material, which totals
approximately 90,000 cubic yards annually, is removed by contracted bucket-
type dredges. This materlal is placed into scowsa, deposited into a rehandling
basin and then pumped to the National Park disposal area. Since this site is
also used for the Philadelphia to the Sea project, the disposal requirements

for this reach are included in that project.

POTENTIAL NEW PROJECTS. The Comprehensive Navigatlon Study is considering
deepening part of the lower section of the project to 37 feet. A deeper
channel from the Delaware River to Penrose Avenue would help to alleviate
tidal delays currently being experienced and reduce the need to light load
(see Figure 19). It would also allow shippers to use larger vessels and
provide transportation savings. To deepen this project to 37 feet, about
500,000 cublce yards would be dredged initially with an additional ﬁ0,000 cubic

yards required for annual mailntenance.

AUTHORIZED WORK. The reach of the project between Gibson Point to.University
~Avenue is authorized to a depth of 22 feet. This channel, however, has not
heen dredged since 1962 and is currently close to natural depth. The deepest
barges in operatlon on this reach have 17 foot drafts. To reach authorized
dimensions, about 250,000 cubic yards of material would have to be removed

with the estimated annual maintenance being 86,000 cubic yards.
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NON-FEDERAL DREDGING. In order to provide access to the Schuylkill project, !

the Non-Federal sector removes approximately 281,000 cubic yards annually by

bucket dredge. All of this material is transported to White's Basin.

SHALLOW DRAFT PROJECTS

There are 17 active federal shallow draft projects in the study area. Most of
the projects provide channels for recreational vessels. Disposal needs for
the shallow draft projects were determined for two conditions, the worst caser
and most probable case using similar assumptions to that used for the deep-
draft projects. The worst case condition considered both histeric and
authorized dredging where applicable (see Table 15) with minimal site
manhagement. The most probable condition considered only the historic dredging
level with disposal site management. Table 15 lists the projects considered

and their level of dredging.

HISTORIC. The total volume of material currently being removed from these
pfojects collectively during a typical year is 210,000 cuble yards. Table 16
shows a breakdown of dredging rates for the four largest historically
maintained projects which represent more than half of the total volume dredged
annually. The majority of the dredging from shallow draft projects is
accomplished using hydraulic dredges. The dredged material is disposed in
upland sites or in open water in the vicinity of the project. Table 15 shows
the party responsible for supplying the disposal area as defined in the
project authorization. In the absence of a specific reference in the

document, the federal goverhment has assumed the responsibility for providing

the site.

T4



TABLE 15

SHALLOW DRAFT PRQJECTS
LEVEL OF DREDGING
AND DISPOSAL RESPONSIBILITIES

PROJECT

Big Timber Creek
Broadkill River -
Cohansey River
Cooper River
Harbor of Refuge

Indian River Inlet and Bay

Inland Waterway, Rehoboth Bay to Del-.

aware Bay (Lewes and Rehoboth Canal)
Mantua Creek

Maurice River

Mispillion River

Murderkill River

Neshaminy State Park Harbor

Pepper Creek

Raccoon River

Salem River

3t. Jones River

- Waterway from Indian Hiver Inlet
te Rehoboth Bay

LEVEL OF DREDGING

Historie

Historic

Historic
Historie and Authorized
Historic and Authorized

Historic and Authorized

Historic
Historic
Historic and Authorized
Historie and Authorized
Historic and Authorized
Historice
Historie and Authorized
Historic
Historie and Authorized
Historie

Historic

®* None Stated-Federal Government has assumed responsibility.

TABLE 16

RESPONSIBILITY FOR
DISPOSAL SITES

Non-Federal
None Stated*
Non-Federal
None Stated
None Stated

Non-Federal

Non-Federal
Non-Federal
None Stated

Non-Federal

None Stated

Non-Federal

Non-Federal

None Stated

" None Stated

Non-Federal

Non-Federal

SHALLOW DRAFT PROJECTS
HISTORIC DREDGING QUANTITIES (CY/YR)

PROJECT FEDERAL NON-FEDERAL

FOUR LARGEST PROJECTS (based on dredged volumes)

HARBOR OF REFUGE, DE 43,000 0
LEWES TO REHOBOTH CANAL, DE 26,000 6,000
COHANSEY RIVER, NJ 26,000 0
INDIAN RIVER & BAY, DE 22,000 3,000

TOTAL 117,000 9,000
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POTENTIAL NEW PROJECTS. The only potential new shallow draft project foreseen
{3 the Petty Island Back Channel. This project would modify the presently
authorized channel dimension of 70 feet wide and 12 feet deep to 150 feet wide
and 18 feet deep (see Figure 20). A draft detailed project report was
completed in March 1983 recommending the modified dimensions, and construction
is tentatively planned for FY 85. The report recommended a local site (the
Harrison Avenue disposal area which is owned by the project sponsor) as the
potential disposal area for the life of the project. Since this site will be
used exclusively for this project, both the site and the disposal needs were

excluded from this analysis.

AUTHORIZED. In some of the projects the historically maintained level of
dredging is less than that authorized (see Table 17). To reach authorized
levels, a total of approximately U4 million cubiec yards of material would have
to be excavated initially. The increased annual maintenance would amount to
420,000 cubic yards. Table 16 gives the dredging volumes for the four largest

projects, including authorized and historic maintenance.

TABLE 17

AUTHORIZED DREDGING VOLUMES
FOUR LARGEST SHALLOW DRAFT PROJECTS®

(CY)
PROJECT INITIAL MATINTENANCE
Harbor of Refuge 877,000 101,000
Indian River and Bay 620,000 46,000
Cohansey River 416,000 “h2,000
Maurice River 411,000 41,000
TOTAL 2,324,000 230,000

® based on dredge volumes
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NON-FEDERAL. Approximately 30,000 cubic yards per year is dredged by the

3tates and marina owners to maintain access channels to the docking areas.

The Lewes to Rehoboth Canal and Indian River and Bay projects account for

10,000 cubic yards, the balance is distributed among the remaining projectas.

The dredged material is usually placed on site.

SUMMARY OF DEFICITS

The following tables summarize the projected dredging requirements and

disposal deficits for the two conditions over the 50 year study period.

Deficits were estimated by considering the remaining capacity of existing

sites (governed by lease (time or elevation limitation) or technical

elevation).

Philadelphia to the Sea,
including Delaware River
at Camden, NJ
Philadelphia to Trenton
Wilmington Harbor
Schuylkill River
Shallow Draft Projects

TOTAL

WORST CASE CONDITION
SUMMARY OF FIFTY YEAR DEFICITS
(Millon Cubic Yards)

DREDGING REQUIREMENTS

TABLE 18

DISPOSAL

78

POTENTIAL NON- AREA

HISTORIC NEW PROJECTS AUTHORIZED FEDERAL DEFICITS
303.5 1.2 31.6 125.7 204.0
27.5 " 0.9 26.9 B.6 53.0
51.6 - 4.5 3.4 51.2
11.0 2.1 3.7 4.1 2.8
J10.5 - 20.8 1.5 24.0
404 .1 4.2 87.5 153.3 335.0



TABLE 19
MOST PROBABLE CASE CONDITION
SUMMARY OF FIFTY YEAR DEFICITS
(Million Cubie Yards)

DREDGING REQUIREMENTS

DISPOSAL
POTENTIAL NON- AREA
HISTORIC NEW PROJECTS FEDERAL DEFICITS*#*

Philadelphia to the Sea 303.5 0.8% 125.7 62.0
including Delaware River
at Camden, NJ

Philadelphia to Trenton 27.5 0.9 8.6 2.3
Wilmington Harbor 51.6 - 3.4 14.0
Schuylkill River 11.0 2.1 14.1 None
Shallow Draft Projects J10.5 - 1.5 None

TOTAL 4ou.1 3.8 153.3 78.3

* Excludes the deepening of the Delaware River at Camden to 40'.
*% (Calculated based on appropriate wet/dry ratios
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PLAN FORMULATION
INTRODUCTION
The sequencé diagram shown in Figure 21, represents the formulation steps that
were conducted as part of this study. The first step, -Problem Identification,
has been described in the previous section of the Report and presents the
dredging requirements, available disposal capacities, and the deficits by
project. The balance of the diagram represents those steps taken to determine

the best way to resolve these deficits.

Those alternative measures described in the Reconnaissance.Report were
assessed to determine which offered the most potential to resolve the deficits
both over the short term, defined as 10 years, and a long term period, defined
as 50 years. The results of this assessment were coordinated with interested
agencies through the Plan Formulation Committee and the Waterways Experiment

Station (WES) to insure that all reasonable alternatives were evaluated.

Those alternative measures that emerged from this analysis were grouped into
two general categories, management measures and development of potential
sites. Under managementlmeasures, those methods that would extend the useful
life of an existing disposal site were considered. The other category,
development of potential sites, involved the selection of suitable sites for
the disposal of dredged material. The selection process would have to satisfy
a broad range of criteria if it were to result in sites that were technically
feasible, cost-effective, and environmentally sound. The task of meeting
these criteria is challenging Since.in some cases, they tend to be

diametrically opposed.
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The problem of disposing of dredged material means different things to
different people. To those who are responsible for dredging and disposal of
dredged materials, the solution(s) must be feasible, cost-effective,
environmentally scund, in accordance with regulations, and be implementable.
To the water-borne commerce community, dredging of the Delaware River and the
subsequent disposal of the dredged material is an absolute necessity. The
process must cccur whenever and wherever necessary in order to maintain or
improve navigation in the river and provide for the uninterrupted flow of
river traffic. To the environmental community and others not immediately
dependent upon water-borne commerce, the problem of disposing Qf dredged
material must still be s30lved, but, in terms that are environmentally and
institutionally acceptable. Consequently, because of these sometimes opposing
viewpoints, tradeoffs are necessary in coming up with an overall site

selection plan.

In order to quantify the relative merits of various potential plans so that
the tradeoffs could be displayed a methodology had to be developed that was
objective in its approach and uniform in its application. Further, to meet
changing needs over time, the methodology would have to be dynamic, and to
meet regional objectives, it would have to be comprehensive enough to handle
large volumes of diverse data over a large geographic area. To meet these
objectives a computerized technique, Spatial Analysis Methodology (SAM), was
selected as a means for considering the major portion of the site suitability
sereening phase of this study. SAM technology has been applied and tested in
over thirty-five studies and investigations throughout the Corps. Its use for
site-guitability screening for the selection of dredged material disposal
sites was felt to be an innovative yet practical application of available

computer modeling capabilities to traditional problem solving. Because SAM is
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computer based, it can support a systematic and objective approach to siting
potential disposal areas with uniform application of criteria over the study

ared.

Computerization also allows for the storage and analysis of large volumes of
data. This analysis, once computerized, can be performed quickly,
consistently, and efficiently. The ability of the computer to perform
repetitive or interactive analyses provides a superior tool for assessing
potential impacts and determining the impact of any particular éelection
choice. This technique was used for screening of.potential sites for the deep
draft projects. A similar approach was applied manually for ﬁhe small shallow

draft projects as the individual needs were relatively small and diversified.

As part of the analysis, various scenarios ranging from a pro-dredging to a
pro-environmental viewpoint were developed. The model output represented a
list of potential candidate sites for each scenario. These sites were further
screened for linear features (such as roads and streams) which are not easily

adapted to the model.

A second mathematical model, the systems model, was used both to evaluate
management measures and to refine the optimum sites wlthin each particular
scenario. This model determines the least costly plan for transporting
material from a particular dredging site to an existing or potential disposal
site. However, since this optimization was done for each scenario, the intent
of that scenario, whether it was pro-dredging or pro-environmental, was
preserved. The syétems model output provides an optimal list of sites, the
volume of material disposed, the overall cost for the optimum plan, and
indicates when each site should be acquired. Numerous runs were made for each
condition, scenario, and project. Other related factors (such as
environmental and social aspects) were also considered for each plan as part
of the impact assessment. The ultimate recommendation considered the relative

83



costs and other related factors for each of the plans, as well as the views of

the Plan Formulation Committee.

MANAGEMENT MEASURES

Each of the measures considered was screened to identify those that had the
greatest potential to satisfy the disposal needs. Those demonstrating
potential were evaluated further. The following is a discussion of the

results of that screening.

DEWATERING OF DREDGED MATERIAL. Dewatering dredged material is a common
practice that is employed to increase the useful life of an existing disposal
area. Field tests which were conducted as part of the Dredged Material
Research Program (DMRP) have proven that even some of the more difficult types
of dredged material can be efficiently dewatered. Interior surface trenching
and perimeter trenching by dragline and backhoe are-effective ways Lo achieve
a greater degree of dewatering than can be done through natural drainage.
These methods have been utilized at existing Philadelphia Distriet dispesal
areas, particu;arly for those sites associated with the Wilmington"Harbor
project where capacity is at a premium. Both methods appear to be cost
effective and have been incorporated into the mathematical systems model.
Other more complex methods exist, such as those invelving under-drainage
systems and vacuum pumping. However, these methods are extremely costly and

consequently were not considered further in this study.

The study considered a variety of advanced equipment designed specifically for
the purpose of improving the construction practices of digging dewatering
trenches. In mid 1983, an amphibious rotary trencher was purchased by the
Philadelphia District and is currently in use. This vehicle has the
capability to dig a trench between 18 to 48 inches in depth at a speed of
about 2-3 miles per hour. The effect of the trenching on the shoal to

disposal area (wet to dry) ratilo is dependent upon the type of material, the
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network and depth of the trenching, the time elapsed between the placement of
the dredge material and the initiation of trenching, and the length of time
available for drainage and drying of the dredged material. The wet to dry
ratios used for the most probable case reflect the impact of this new

equipment on a project by project baais.

INCREASED HEIGHT OF CONTAINMENT DIKES. Deep-Draft Projects. Containment
dikes are periodically raised to increase the useful capacity of a site. The
maximum height of a containment dike is based on engineering considerations
such as slope stability and existing subsurface conditions. The dike heights
are pericdically increased by stepping in or encroaching into the disposal
area with successive 1ifts designed for one or more periods of filling. This
concept is shown on Figure 22. The actual height increase depends upon the
characteristies and volume of material to be placed and an allowance for
freeboard (usually 2 feet). The final dike elevation in Federally owned sites
considers safety, lease agreements, and future land use in addition to the
technical limitations. Conversely, final dike elevation in privately owned
sites is usually controlled by easement, local ordinances and owner's future
plans for the site. Based on technical considerations, the study generally
considers the maximum elevations to be 50 feet above original ground. In
specific instances, elevations up to 70 feet above original ground are

considered appropriate.

Shallow Draft Projects. In the case of shallow draft projects, the dredging

volumes are considerably less than deep-draft projects, and the projects are
spread out, requiring smaller dredges and disposal sites. Historiecally,

disposal sites are usually 25 acres or leas, Because of the relatively small
size, the maximum practical height is generally 15 feet above existing ground

elevation (see Figure 23).
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LEASE EXTENSION. In the Philadelphia to Trentom project and for some of the
shallow draft projects, the disposal sites are provided by the project sponsor
as an item of local cooperation. Most of the sites are leased from private
owners often covering only a short period of time (such as a single dredging
cycle). Usually, the leases are governed by either time duration or maximum
filling elevation. Consideration of a longer period of time, based on the
life of the project or the maximum‘dike elevation, are viable alternatives and
will be considered, as appropriate. The two study conditions {the worst and
most probable cases) bracket the range of impacts of extending leases on the
disposal needs, with the wWorst case assuming current lease constraints and the

most probable assuming asite availability throughout the study period.

REUSE OF DREDGED MATERIAL. The sale of dredged material was initiated by the
Pniladelphia District in 1972 as a means of extending the useful life of
existing disposal sites as well as providing a means of meore efficiently
utilizing the dredged material. The material is sold in quantity as excess
government property directly from the disposal area. It has many productive
uses, such as for landfill or construction activities. Similar sales of
existing foundation material have been made from newly acquired sites to
increase potential storage capacity. Approximately 6 million cubic yards of
material have been removed from disposal aites from 1972 through the present.
The future volume of material that can be reused in this manner depends oﬁ
such factors as demand, type and quality of material, and distance between the
disposal site and reuse site. Some of the varied uses of dredged material are

discussed in the following paragraphs.

Highway Fill. Although it is likely that there will always be a market for
this purpose, indications are that it will be less than previously
experienced. The interstate highway program in the vicinity of the study area
Wwill be completed shortly thereby eliminating the long range need for this

material. State and county highway officials have indicated that their future
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need (as highway fill) will also be less than it has been in the recent past.

Beach Nourishment. Beach nourishment involves the deposition of suitable
dredged materials onto beaches. The major source of available (sandy)
material is from the dredging operationsa performed in the Philadelphia to
Trenton project. However, the primary demand for this material is along the
coastal beaches of New Jersey and Delaware. Transportation costs from the
Philadelphia to Trenton project area to the coastal areas are prohibitive. As
a result, this reuse alternative was not investigated further as part of this

study.

LLand Reclamation. This concept involves the placement of dewatered dredged

material in areas such as abandoned pits and quarries, strip mines and

sanitary landfills.

e Abandoned Pits and Quarries - A survey was conducted to determine the
potential future need for dredged material as fill for abandoned pits and
quarries. The location and size of the pits and quarries were identified and
one site was selected as "typical"™ for use in a cost analysié. Estimates of
cost were developed for handling and transporting dredged material and
compared to the costs of other methods of providing additional disposal area
capacity. Evaluation of this method proved to be unjustified and this

alternative was eliminated from further consideration.

e Strip Mines -~ Although there are no strip mines in the immediate vicinity
of the study area, the concept was investigated in order to develop typical
costs which would be associated with its use. The City of Philadelphia,
presently using this method to dispose of sewage s3ludge, experience operating
costs of $200 per dry ton ($220/cubic yard assuming 80 pounds per cubic
foot). Assuming similar unit costs for dredged material, the cost of this
method would be prohibitive.

e Sanitary Landfill - Use of dredged material in sanitary landfills to level

89



the terrain or act as an impermeable cover has been performed on a small
scale., Various State and local agencies were contacted to assess the
potential future needs for dredged material. Those contacted indicated that
the future need would be similar to that used in the past. It is anticipated
that relatively small amounts of dredged material may be used for this purpose
where fine grained material is available at disposal areas located within a
ghort haul distance from sanitary landfill sites. The volumes involved are
believed to be insignificant compared to the overall volumes of dredged

material.

Agricultural Soil Enrichment. The County agricultural agents were contacted

for assistance in assessing the potential use of dredged material for soil
enrichment. Information obtained indicated that most of the demand is for
soil enrichment as a means of supplementing fertilizers. This need is being
met by using sludge offered without charge from local sewage treatment plants.
Thus, the marketability of the dredged material for agricultural use is

hampered. Consequently, this alternative was not pursued any further.

Resource Recovery. Fine grained material contained in certain disposal areas

in the Philadelphia to Trenton project can be used for construction materials
such as lightweight aggregate and bricks. However, the success of a resource
recovery operation would be difficult because continuous access to the raw
material is not assured, the initial capital investment is high, and most
importantly, favorable market conditions must be established and maintained.
At the present time cheaper and better quality materials are available {o the
producers of these materials. Consequently, this alternative was eliminated

from further considerations.

In summary, the Philadelphia District will monitor the changes in market

trends and additional investigations willl be made in the overall concept of
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dredged material reuse, if warranted. However, this concept in itself cannot

be considered as a means of substantially reducing current and projected

deficits.

REDUCED SHOALING BY USE OF DEPOSITION BASINS. This measure considered the
possibility of reducing the historiecal shoaling pattern by forcing
sedimentation to occur in concentrated areas (deposition basins) or other
locations more accessible to available disposal sites. Consideration was also
given to reducing the shoaling in the channel by forcing the sedimentation to
oceur outside the area being maintained. Prior studies were evaluated to
determine the effectiveness of such measures as shoreline modifications, in-
river training dikes and sedimentation traps. Shoreline modifications and
training dikes are designed to streamline the channel and encourage
transportation of shoal material. By increasing flow velocities or
redirecting the current patterns shoal material can be transported upstream or
downstream of a problem area. Sediment traps are pits dredged either in the
main channel or adjacent to it. By decreasing the flow velocity, sediment is
deposited at a concentrated pre-determined location. Studies to reduce or
eliminate shoaling had been conducted in the past through the use of a
hydraulic model of the Delaware River Estuary at WES. Based on reviews of the
model studies, it was concluded that the historic shoaling pattern cannot be
significantly altered by these measures. Therefore, further consideration is

not warranted.

REDUCED SEDIMENT EROSION. Erosion control to reduce the sediment load carried
by streams and rivers has been a continuous, long standing effort by the U.S.
Department of Agriculture, Soil Conservation Service and other regional,
State, and local organizations. Striect sediment control regulations are also
in forece for all construction activities. Check dams, sedimentation traps,

vegetal cover on open lands, stream bank stabllization by revetment,
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vegetation or other bank stabilization controls, and other sedimentation
control measures can be used. Additionally, erosion control of agricultural
lands can be accomplished by terracing, contour plowing, strip eropping and

similar techniques.

In view of the existing practices, enforcement of current erosion controls is
encouraged and where appropriate, additional measures can be recommended.
However, the current problem would not be reduced significantly by such
actions, particularly over the near term future. This has been demonstrated
by the fact that historical amounts have remained relatively stable over time
despite changes in control measures. As a result, no further consideration of

this alternative is warranted.

BETTER MANAGEMENT OF SITES. Under this alternative, consideration was given
to management practices (other than dewatering) that would extend the useful
life of existing dredged material disposal areas. This measure would assure
that the need for new dredged disposal areas were kept to a minimum.
Management practices include baffle dikes, outflow facilities and use of
optimal 1ift thickness to assure maximum drainage of dredged material. The
current practice has been to construet as many interior baffle dikes and
sluice gates as are needed in each disposal area so that the sediment
particles are retained within the diaposal site and, at the same time, the
drying process is accelerated. Along with these measures, the District has
normally used thin 1ift thicknesses to minimize the cost of dewatering. These
manageﬁent practices have been used in the past with good results and will

continue to be used in the future.



The District has kept abreast of efforts by others who are attempting to
address similar problems. Both DMRP and DOTS have been particularly helpful
in coordinating these endeavors. The costs of these measures have been
incorporated into the systems model runs and have been reflected in the wet to
dry ratio used in the most probable case condition. As a means of further
considering this measure, the modeling tools developed as part of this study
are being used to determine if further measures are warranted. The results of
these efforts, which are being conducted separately from this study, will be
incorporated as pért of individual site management plans for specific disposal
areas. In the event that significant improvements are achleved, these results

would be incorporated in future reanalyses with the systems model.

DEVELOPMENT OF POTENTIAL SITES

As discussed in the introduction, the process used to select potential sites
was performed separately for the deep draft and shallow draft projects.
Although performed separately, the concept and considefations used in the
screening processes were similar. This part of the study reflects a
substantial work effort and consequently was initiated early in the study so
a3 not to delay the final product. This approach was employed since, based on
Reconnaissance Report results, it was obvious that a defieit in disposal
volumes existed which was not anticipated to be entirely resolved by the
management measures. Consequently, potential sites were identified either
through a computerized screening phase (as iq'the case of the deep draft
projects) or through the use of a manual process (as in the case of the

shallow projects).

DEEF DRAFT PROJECT SCREENING. As described in the introduction to plan
formulation, a computerized technique called Spatial Analysls Methodology
(SAM) was used for the site screening phase of this study. SAM can be defined

in simple terms as a computerized data management and analysis tool deslgned
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specifically to handle "Spatial® data. SAM was originally developed by the
Corps' Hydrologic Engineering Center (HEC) through a pilot study program for
comprehensive watershed planning. 1In this study, SAM's specifie application
was to perform automated site suitability screening among various kinds of

(spatial) data to determine the relative attractiveness of alternate sites.

SAM is comprised of two main components:
1. A data bank of pertinent physiographic characteristies, and
2. A series of computer programsz designed to perform utility or analysis

functions.

Although seemingly complicated, the methodology is a rather straight-forward
procedure of collecting and storing necessary mapped data in the computer,
defining the criteria for selection of candidate disposal sites, instruecting
the.computer to search the data bank for those areas having the desired
combination of characteristics, and then displaying the results in graphical
or tabular form for further analysis or consideration (refer to Figure 24 for

the schematic approach used in the attractiveness modeling).

The study area encompassed a 5 mile band on either side of the Delaware River

channel. This area was subdivided by a uniform grid array into a data base of

approximately 43,500 grid cells, each cell being about 18 acres in size. Each
grid cell was identified by 13 distinet surface and sub-surface
characterisﬁics called "parameters". Each parameter was further subdivided
into categories or "variables" (see Table 20 for a list of the parameters and

variables).

The identification of parameters and variables was based on avallable mappihg

or, in some cases, maps specifically developed as part of the study. The data
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was transferred from the maps to the computer data base using a technique
called (polygon) digitizing. Having identified the spatial distribution of
each of the parameters and variables, the next step involved assigning a
weighting factor to each data variable cell to describe its relative
attractiveness for use as a potential disposal site. The weightingS varied
from 0 (least attractive) to 10 {(most attractive). If for some reason, a
particular feature rendered the area totally unacceptable, the cell was
designated with values of "-1" for that variable. A "-1" would cause a
variable to be excluded from further consideration. Finally, a relative index
weighting was established to relate the importance of one parameter to
another. Further details on the spatial model techniques are presented in

Appendix 1.

The criteria defining the attractiveness of an area for the disposal of
dredged material incorporated the competing pressures involved in selecting
potential disposal areas. These critieria assumed that the results would be
technically feasible, cost effective and environmentally acceptable. To
reflect varying degrees of emphasis of each of these criteria, the
interdisciplinary study team identified the following major alternative

Scenarios.

e National Economic Development (NED) Plan

e Environmental Quality (EQ) Plan

NED Plan. This scenario, while considering the environment, would emphasize
those parameters involving engineering feasibility and cost efficiency of
dredging and dredge materiai disposal. Parameters such as surface and sub-
surface features that would be indicative of construction suitability,
topographic elevatien, and distance to dredging reaches were all considered to

be of prime importance in this scenarioc.
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EQ Plan.. This scenario emphasized the preservation and protection of the
environment over the ease or cost of construction of new disposal sites.
Attributes such as natural water bodies {aquatie sites), wetlands, prime and
unique agricultural lands, archaeological and historic sites, and ground water
protection zones were factors of major importance to site selection as part of

this plan.

Prior to selecting these scenarios, a number of alternate plans were also
considered. However, each of these plans were eliminated. For example, one,
identified as EQ-1, was intended to be less restrictive than the EQ sceanario
in that it permitted disposal in aquatic or shallow water sites. Due to the
close proximity of these sites to the shoaling areas, the transportation costs
were negligible. Consequently, the assoclated costs for this scenario were
relatively low. However, this plan was ultimately dropped due to
environmental and hydraulic concerns. As discussed in the Existing Conditions
Section, the environmental value of these aquatic and shallow regions isl
significant. The hydraulic concern is that the deposition of material would
reduce cross-sectional flow areas which could change flow batterns and

velocities, and in turn change the rate or location of channel shoaling.

Another scenario which was considered was a Mixed Objective (MO) plan. This
plan was intended to be a compromise between the NED and EQ scenarios using
weightings between these plans. However, after making computer runs, the
results were found to closely approximate the EQ plan. Therefore, further

analysis of the MO scenaric was discontinued.

Table 20 lists data parameters, variables, and variable weightings including
those identified as exclusionary variables for the NED and EQ scenario. Table

21 provides the relative index weightings used for each parameter. A
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TABLE 20

SCALE QF ACCEPTABILITY FOR WEIGHTING
POTENTIAL DISPOSAL SITES

-1 0 1 2 3 j 5 6 7 8 9 10
UNACCEPTABLE LEAST GENERALLY MOST
(EXCLUDED) ACCEPTABLE ACCEPTABLE ACCEPTABLE

VARIABLE WEIGHTING FACTOR
(RELATIVE ACCEPTABILITY)

PARAMETER | VARIABLE NED EQ
1. Archaeclogical Sensitivity 0 Other 10 10
Zones 1 High Sensitivity 0 -1
2 Medium Sensitivity 5 0
3 Low Sensitivity 10 5
2. Historic Sites 0 Other 10 0
1 Historic Sites 0 -1
2 Historic Districts 0 -1
3. Groundwater Recharge 0 Other 10 10
Zones 1 Zone I 10 10
2 Zone II 8 8
3 Zone III 6 )
4 Zone IV 4 4
5 Zone ¥V 2 2
6 Zone VI 0 0
4. Recreation 0O Other 10 0
1 Federal Park 0 -1
2 State Parks, Forest
& Wildlife Mgt. Areas O -1
3 County Parks 0 -1
4 Fairgrounds 0 -1
5 Loecal Parks 0 -1
6 Campgrounds 0 -1
7 Golf Courses 0] -1
8 Private Parks 0 -1
g Marinas 0 -1
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TABLE 20 (Cont'd)

VARIABLE WEIGHTING FACTOR
(RELATIVE ACCEPTABILITY)
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PARAMETER VARIABLE NED EQ
5. Fish and Wildlife Sensitive 0 Other 10 10
Areas 1 (Reserved) 5 0
2 Finfish 5 0
3 Wading Bird and Seabird
High Use Areas 5 0
4} Major Waterfowl Areas 5 0
5 Muskrat Areas 5 0
6 (Reserved) 5 0
7 Conservation/Natural
Areas 5 0
8 High Fishing Areas 5 0
9 Exculsionary Trout Areas 0 -1
10 Trout Waters 5 0
11 Shellfish 0 =1
12 (Reserved) 5 0
13 Exclusionary Wading Bird
& Seabird Colonies 0 -1
14 Exclusionary Waterfowl
Areas 0] -1
15 Exclusionary Muskrat Areas 0 -1
16 (Reserved) 5 0
17 Exclusionary Conservation/
Natural Areas 0 -1
18 (Reserved) 0 0
19 Exclusicnary Terrestrial
Game Areas 0] ~1
20 Combination of 2 and 3 0 -1
21 Combination of 2 and 4 0 -1
22 Combination of 2 and 5 0 -1
58 Combination of 2, 13, 15,
and 17 0] -1
6. Land Use and Land Cover 0 Other 10 10
‘ 1 Urban and Built Up -1 -1
2 Normal Bottom (1Q'-H#2") 5 -1
3 Shallow (10") 5 -1
4 (Reserved) 5 0
5 {(Reserved) 5 0
6 Forested Uplands 10 5
7 Orchards 5 0
8 Cropland 10 5
9 Rangeland 10 6
10 Other Agricultural Land 10 10
11 Barren Land 10 10
12 Strip Mining Land 