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INTRODUCTION

For a number of years, the Lower Bay
of New York Earber has been a major source
of sand and gravel for construction
aggregate and for fill. It has provided
much of the aggregate and fill required
for construction in metropclitan New York
and New Jersey, and is undoubtedly one of
the naticn's largest "open-pit" sand and
gravel mines. Since 1967, the rate of
removal has averaged about 4.2 x 10° m?/yr
(5.5 x 10° yds?/vr). FPresent allocations
of dredging sectors are limited to the
east bank of Ambrose Channel and to the
Chapel Hill North Channel. At the present
time mining is largely restricted by the
New York Department of Envirenmental
Conservation to the area in and around
ambrose Channel--the main channel for ships
entering New York Harbor. While material
from this area is too fine~-grained for
aggregate material, it is an Important
source of £ill.

Imposition of restrictions on the
location of dredge areas was prompted by
a number of assumptions: (1) that
dredging in cother regions of Lower Bay of
New York Harbor might have a greater
impact on water quality and adversely
affect productive shellfish and finfish
areas west of Ambrose Channel, (2) that
dredging in other regions might accelerate
shore erosion of Staten TIsland, (3} that
the sand deposits of the Ambrose Channel
area and the region to the east are renewed
by littoral drift along the south shore of
Long Island, and therefore provide a
renewable resource that can sustain some
yield without being depleted, and (4) that
since material is continuously being
supplied to the designated area, the
mining provides a necessary and useful
service--maintenance dredging of the
shipping channel. None of these assump-
tions has been tested by appropriate field
and laboratory investigations. In view of
the shortage of good quality aggregate

material, and the uncertainty of the
validity of these assumptions, a study of
the sand and gravel resources of the Lower
New York Harbor was initiated through the
New York Sea Grant Institute.

The pervasive goals of this study are
to: (1) develop a predictive capability
for assessing the environmental impacts
that would result from a variety of sand
and gravel mining activities--different
techniques of mining, different rates and
patterns of removal; and (2) to use this
information to develop appropriate plans
for management of this resource. The
strategies must be consistent with the
natural prevailing processes and with the
uses of the Harbor perceived by the public
to be most important. This requires that
the "appropriate” strategies for management
of the sand and gravel resource must be
consistent with management of the Harbor's
cther resources.

To attain these goals a large number
of objectives must be met. This report
serves as an introduction to our continuing
investigation of the sand and gravel
resources of Lower New York Harbor and con-
tains the results of Phase I. This report
consists of:

1. An annotated bibliography and

and critical review of all
literature pertinent to the
assessment of the quantity and
character of the sand and gravel
resource of Lower New York Harbor,
and of the processes that act to
renew and distribute this
resource.

2. A collection and interpretation of
all pertinent existing data
{including dissertations and other
unpublished reports) in light of
the stated goals.

3. Textural data for new sediment
samples collected from East Bank

and adjacent areas east of



Ambrose Channel, and a limited
number of samples from West Bank.
4, Results of a preliminary geo-
physical survey of Lower New York
Harbor with a high resolution
seismic prefiling system to
assess the wvalue of this technique
in mapping (in three-dimensions)
the distribution of sand and

gravel, and other sediment types.

GEOLOGICAL AND PHYSICAL PERSPECTIVES
Geographical Setting

The Lower Bay of New York Harbor is
located at the apex of the New ¥ork Bight
at the junction of the Atlantic Ocean
coasts of Long Island and New Jersey, Fig,
1. The shape of this water body is
roughly rhombohedral with its northern apex
located at the Narrows--the constricted
section of the Hudson River between
Brooklyn and Staten Island. The western
apex is the mouth of the Raritan River and
the southern apex is located at the base
of Sandy Hook; East Rockaway Inlet
represents the eastern apex. The Lower
Bay is bounded on the northwest by the
southern shore of Staten Island, and on
the scuth by the northern shore cf New
Jersey. The eastern boundary 1is open to
tlie Atlantic Ocean through the 10 km
{5.5 mi) wide gap between the northern tip
of Sandy Hook, New Jersey, and Rockaway
Point, Long Island, Fig. 1.

The Lower Bay of New York Harbor is
sub-divided into several bays. Raritan
Bay, Sandy Hook Bay, and the western
portion of Lower Bay comprise the Raritan
Estuary. The drowned valley of the
Raritan River forms the western extremity
of this estuary. Raritan Bay consists of
that portion of the Raritan Estuary
located west of a line joining Point
Comfort, New Jersey and Crookes Point,
Staten Island., Sandy Hecok Bay represents
the area south of a line joining Point
Comfort with the northern tip of Sandy

Hook. Arthur Kill, a narrow channel of

water separating Staten Island from New
Jersey, enters the west end of Raritan
Bay from the north,

The seaward porticon of the drowned
Hudson River estuary south of the Narrows
constitutes most ¢f the Lower Bay.
Gravesend Bay is a small embayment located
north of Coney Island. Rockaway Inlet
enters Lower Bay from the east providing a
tidal connection te Jamaica Bay. A
portion of the inner continental shelf
located northwest of a line joining the
base of Sandy Hook and the entrance to
East Reockaway Inlet, Long Island, is
included in this study.

The boundary between New York and New
Jersey passes approximately from east to
west through the center of the Raritan
Estuary. The study area includes portions
of Queensz, Kings, and Richmond Counties,
New York, and Monmouth and Middlesex

Counties, New Jersey.
General Geology

The Lower Bay of New York Harbor lies
within the Coastal Plain physiographic
province of northeastern United States
Fig. 2. The Coastal Plain is bounded on
the west by the Piedmont Province, and on
the east includes the continental shelf--
the submerged portion of the Coastal Plain.
At the latitude of New York Harbor the
sub-aerial part cof the Coastal Plain has
a maximum width of 44 km (24 mi) between
New Brunswick and Sandy Hook, New Jersey,
and the continental shelf a width of
approximately 185 km (100 mi}). The inland
boundary of the Ccastal Plain follows a
line between New Brunswick and Metuchen,
New Jersey, includes most of Staten
Island, crosses the Hudson River just
north of The Narrows, and continues east-
ward along the north shore of Long Island.
Coastal Plain

The sub-aerial portion of the Ccastal
Plain is, in general, a dissected plain

that rises gradually from sea level at the
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coast to elevaticns of 90 m (300 ft).
Along its inner margin it declines in
elevaticon to a broad shallcow depression
less than 30 m (100 ft) above sea level
that is formed on a belt of clay and marl
sediments. East of the depression is a
ridge with elevations 1n excess of 90 m
(300 ft) that is formed of resistant sand
and marl sediments. The ridge has a steep
western slope, and a very gentle eastern
slope corresponding to the dip slope ot
the underlying sedimentary formations.
This geologic feature, called a cuesta,
forms the COuter Coastal Plain and the
broad depression to the west; the Inner
Coastal Plain. Geolegically these two
parts of the Coastal Plain are not very
different. Unconsolidated clays, sands,
marls, and gravels underlie both areas,
but there is a greater proportion of clays
in the sediments of the Inner Coastal
Plain.
Triassic Basin

Bordering the Coastal Plain to the

west is the Triassic Basin of the Piedmont
Province of northern New Jersey. It is
chiefly a lowland with gently rounded
hills separated by wide valleys which
slopes gently from about 120 m {400 ft)
above sea level at its northwestern margin
to sea level at Staten Island. Several
northerly trending ridges rise several
hundred feet above its surface, Under-
lying this basin are reddish shales,
sandstones and conglomerates of Triassic
age dipping to the northwest with inter-
bedded lava flows of basalt and intrusive
sills of diabase. Along its eastern
horder this sedimentary sequenceé is con-
cealed beneath the overlapping sediments
of the Coastal Plain, and underlie much of
Staten Island and the western end of the
Raritan Estuary.

Manhattan Prong and Reading Prong

These two areas and parts of the
Piedmont Province are underlain by
highly metamorphosed rocks of Pre-
cambrian and early Paleozoic age. The

rocks are mainly gneisses and schists
complexly folded and faulted. Outcrops

of these rocks are exposed at the eastern
end of Staten Island, northwestern
Brooklyn and throughout Manhattan. Their
only importance to this study is that both
the Hudson and Raritan rivers flow through
these regions, and derive some of their
sediment loads from the erosion products

of these rocks.
Topography

Much of the topography and bathymetry
within the study area is the product of
glacio-fluvial processes modified by
subsequent wave and current action.
Approximately 11,000 years ago., continental
glaciers covered most of northeastern
North America. The maximum southerly
extent of this ice sheet is marked by a
terminal moraine, that, within the study
area, extends from the southwestern end of
Staten Tsiand to The Narrows, continues
through Brooklyn, and eastward aleng the
length of Long Island. At the time of
maximum glaciation, sea level was more
than 100 m (325 ft) lower than at present
and the Lower Bay of New York Harbor was
exposed to sub-aerial erosion. Later, as
the climate moderated and the ice
retreated, melt water streams flowed
across the area cutting-channels and
depositing sediment. With the rise in sea
level, marshes formed, sites of sediment
deposition and channel erosion shifted,
and shoreline features migrated landward.
The lower portion of the valleys of the
Hudscon and Raritan rivers were drowned
creating estuaries, and the previously
formed glacic-fluvial features were subjec-
ted to modification by the action of waves
and currents. The interaction of these
processes created an area of diverse and
rapidly changing topography that is being
further modified by the activities of man.

The topography of the northern part

of Staten Island is irregular with



elevations reaching 20 m {300 ft), or
more, above sea level in several loca-
tions. Todt Hill the highest point at

an elevation of 120 m (400 £t} is formed
of outcroping serpentine bedrock. The
dominant topographie feature along the
south coast is the terminal moraine that
roughly parallels the shore. The surface
of this moraine is irregular with
randomly spaced knobs and depressions.
Elevations along the length of this
feature vary between 15-30 m (50-100 ft),
South of the moraine is a glacial outwash
plain averaging 2 km (1l mi) or less in
width, and having a maximum elevation of
12 m (40 £t}. The outwash plain has a
gentle seaward slope and merges into tidal
marshes and beaches. No streams of any
consequence have developed along this
shore.

The south shore of the Raritan
estuary extends from the mouth of the
Raritan River on the west to the Atlantic
Highlands on the east. The Atlantic
Highlands are high bluffs rising from the
shore to elevations in excess of 60 m
{200 ft}. These are the seaward end of
the cuesta which trends south-southwest
from the Highlands becoming progressively
farther inland. The cuesta consists of a
series of short ridges and hills which,
in places, rise to elevations greater than
90 m {300 ft). West of the Highlands the
coast is mostly low and flat, with much
of the area covered by tidal marshes; a
number of short creeks rise on the
northwest slope of the cuesta and flow
into the estuary. All are tidal in their
lower courses, and all are bordered by
swamps and marshes.

Sandy Hook is a sand spit that has
gradually grown northward as the head-
lands, formerly projecting beyond what
are now Long Branch and Asbury Park, were
eroded by waves and the resulting sand
transported northwards by longshore
currents. The north end of the spit is

reported to have advanced approximately

2 km (1 mi} in 200 years, and nearly 1 km
(0.5 mi) since 1865. The surface of Sandy
Hook is covered with low sand dunes
interspersed with low sandy beach ridges.

To the east, both Brooklyn and Queens
consist of two physiographically different
areas: the terminal moraine forming the
northern half, and a glacial outwash plain
forming the southern part. The terminal
moraine is a conspicuous hummocky ridge
extending from northeastern Queens scuth-
westerly across Brooklyn to The Narrows.
The highest elevation, B85 m (280 f£t), is
located on the terminal moraine in
northeastern Queens. North of the moraine
the land surface consists of dissected,
low rolling hills with an overall slope
towards East River and Long Island Sound.
To the south of the moraine the surface is
flat with a gentle slope towards the
Atlantic Ocean merging into tidal marshes,
shallow bays, and beaches. Along the
shore the natural physiography has been
greatly altered hy the construction of
many structures and extensive development.
Coney Island is a former barrier beach
which has been joined to the larger land
body of the main island by f£ill. Rockaway
Beach is a narrow peninsula attached to
the main island at its east end. It
formed by the western elongation of a sand
spit resulting from the rapid accumulation
of littorally drifted sediment. Prior to
stabilization by a jetty, the westward
growth of the spit averaged 68 m (222 ft)
per year over approximately the past 100
years. Jamaica Bay, located on the north
side of Rockaway Beach, is a shallow
embayment with numerocus small marshy.
islands, and bordered by extensive tidal
marshes. Rockaway Inlet, with an east-
west alignment, enters Lower Bay between
Coney Island and the west end of Rockaway
Beach. It provides a tidal connection
between Jamaica Bay and the ocean. East
Rockaway Inlet forms the eastern terminus
of Rockaway Beach separating it from the
barrier beach system farther east.



Stratigraphy

A succession of Copastal Plain sedimen-
tary formations of Late Cretaceous and
Tertiary ages with an aggregate thickness
of approximately 150 m (500 ft) outcrop
along the south shere of the Raritan
Estuary, Fig. 3. These sediments consist
mainly of marine clay, silt, and gravelly
sand, which for the most part are uncon-
solidated. Locally, beds within the
formations have been cemented by irocn
oxide and iron carbonate, forming resis-
tant layers. According to Minard (1969)
these formations strike N 50-70° E, and
dip to the southeast about 20 m/km (40
ft/mi). QOverlying the Tertiary formations
are unconsolidated sediments of Quaternary
age. These range in composition from clay
to gravel and are of both marine and
alluvial origin derived from erosiocn of
older formations. Borings taken along the
length of Sandy Hook and at the end of the
shorter of the U.S. Navy piers indicate
the Upper Cretaceous and Tertiary forma-
tions are truncated by an erosion surface
which deepens northward into Lower HNew
vyork Harbor (Minard, 1%69). Quaternary
sediments up to 60 m (200 ft} thick
overlie this erosion surface.

Bordering the Staten and Long Island
shores of Lower New York Harbkor are uncon-
solidated sediments of Pleistocene and
rRecent geologic age. The terminal moraine
which extends as a narrow band across
Brooklyn and Staten Island consists of a
hetercgenecus mixture of sand, gravel,
boulders, and clay. Glacial outwash of
sand mixed with some gravel forms a
surface layer of variable thickness between
the terminal moraine and the shoreline,
and continues seaward comprising the upper
sediments of the continental shelf. Along
the shoreline are beach sands, and inter-
mittent tidal marshes.

Red shales and sandstones of Triassic
age underlie parts of Staten Island and

the west end of Raritan Bay, and may

axtend under Lower New York Harbor at a

depth of approximately 100 m (328 ft!.

Bathymetry
The Lower Bay

The Lower Bay of New York Harbor
encompasses the drowned lower valleys of
the ancestral Hudson and Raritan rivers.
The bathymetric features of this area are
the product of several geological
processeas. Subaerial erosion ocgurred
during periods of lowered sea level
assoclated with the Pleistccene ice ages.
Deposition and erosion formed banks and
channels as melt water streams from the
retreating continental glacier flowed
acrass the area. As sea level rose, the
area was gradually submerged, and the
hottom was further shaped by the action of
waves, currents and other littoral
processes. Finally, man has altered the
natural bathymetry by dredging channrels
through the area, filling some areas with
his solid wastes, and deepening other
localized areas that were mined for sand
and gravel. Modification is continuing in
response to natural processes and the
activities of man. There is local advance
and retreat of the shoreline along lLower
New York Harbor. Sandy Hook is advancing
northward as new littoral material is
deposited, and within the bays there is
some minor shifting of depths. However,
with the exception of areas subject to
dredging or artificial filling, there are
no major or rapid changes occurring in the
bathymetry of the Lower Bay of New York
Harbor. The bathymetry of the region is
shown in Fig. 4.

The portion of the continental shelf
bounded by the scuth shore of Long Island
and the New Jersey shore 1s known as the
New York Bight. At the apex of this bight
is the entrance to the Lower Bay of New
vYork Harbor. The shelf in the vicinity of
the apex is a relatively flat sandy plain
sloping gently to the southeast at about
1 m/km (6 ft/mi). The surface topography
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consists of broad swells and shallow
depressions that are oriented approximately
parallel tc the present shoreline. Sand
waves and ripples are superimposed on this
general topography. The submerged channel
of the Hudson River trends north-south in
this part of the continental shelf, is

5—6 km (3-4 mi) wide and cut 10-30 m (30
to 100 ft)

the continental shelf,

into the general surface of
and approaches to
within a few kilometers of the coast.

The seaward entrance to the Lower Bay
of New York Harbor is located between the
northern tip of Sandy Hook, New Jersey,
and Rockaway Point, Long Island, and is
approximately 10 km (5.5 mi) in width.
ambrose Channel, which has been dredged to
a control depth of 14 m (45 ft),
through this entrance from the 15 m (48 ft)

extends

depth contour on the continental shelf to
the submerged gorge of the Hudson River at
Maximum depths within The

Narrows exceed 27 m (90 ft}.
water depths within the shipping channels,

water depths within Lower New York Harbor

The Narrows.
Except for

are generally less than 10 m {30 ft).
Within Lower Bay several extensive shoal
areas rise above the general level of the
bottom. East of Ambrose Channel a large
shoal known as East Bank has formed
hetween the channel and Rockaway Point.
Extensive portions of this shoal have
depths of less than 2 m (9 ft) at mean
low water.

Located southwest of Ambrose Channel
and north of Sandy Hook are two shoals
separated by a natural channel. Romer
Shoal is long and narrow with a northwest-
southeast orientation that parallels
ambrose Channel. Water depths of less
than 2 m (6 ft) are common near its south-
east end. Flynn's Xnoll is -elongate in a
northerly direction, and rises to within
about 3 m (10 ft)
It is located directly north of the tip of

Swash Channel is a natural

of the water surface.

Sandy Hook.
passage between Romer Shoal and Flynn's

Knoll. Water depths within this channel

10

vary between 5-9 m (18-29 ft) at mean low
water.

West Bank is an elongate shoal with a
north-south orientation which borders the
western edge of Ambrose Channel from The
Marrows south for approximately 5 km (3
mi). 1In the past, extensive portions of
West Bank have been dredged for fill
material. However, much of this area is
still very shallow with water depths
ranging from 0.3-5 m (1-17 £t). Swinburne
Island and Hoffman Island are small arti-

ficial islands constructed on West Bank.
2 narrow dredged channel with depths of
2-3m ( 6-11 ft)
Narrows to these islands.

extends south from The

Raritan Estuary

Raritan Estuary is that portion of
the Lower Bay of New York Harbor west of a
line joining the northern tip of Sandy
Hook and the western shoreline of the
Narrows Fig. 1. Along its eastern
boundary it extends for 19 km {12 mi) in
a north-south direction, and along its
center line in an east-west direction
measures 19 km (12 mi). The total areal
extent of the estuary is approximately 197
km {72 mi).
the Raritan Estuary has been subdivided

As previcusly mentioned,

into three bays, Sandy Hook Bay comprising
that portion south of a line drawn between
the northern tip of Sandy Hook and Point
Comfort on the New Jersey shore, Raritan
Bay comprising the area west of a line
drawn between Point Comfort and Crookes
Point on Staten Island, and the north-
eastern part which is included in Lower
Bay.

Raritan Estuary is a shallow embay-
ment with water depths less than 10 m (30
ft) except for two very small areas near
the center line of the estuary, a deep
area immediately offshore of the northwest
tip of Sandy Hook, and within the dredged
channels. Bathymetric depth contours
generally parallel the shoreline caonfig-
uration. The 6 m (18 ft) depth contour,

with the exception of the western shore of



Sandy Hook, 1s located more than 1.6 Km
{1l mi)

generally less than 1:200,

offshore. Bottom gradients are
and in places
are as flat as 1:2000.

Sandy Hook Bay has water depths in
{30 ft) immediately off the

northern tip of Sandy Hock, but shoals

excess of 9 m

gradually southwards to a depth of

2m {6 ft), 0.3-1.3 km (0.2~0.8 mi) ocff-

where thare is

depth
{1 mi})

Off Point Comfort,
the 2 m (6 £t)

contour is located more than 1.6 km

shora.

extensive shoaling,

offshore.

Raritan Bay 1s very shallow, and
except for a small area at the eastern end
of the bay and the dredged channels, water
depths are less than 6 m (18 ft). 014
Orchard shoal located directly south of
Crookes Point has water depths of less
than 1.5 m (5 ft) over it.

A number of dredged channels have
been cut through the estuary to provide
access for shipping. Sandy Hook Channel
with a project depth of 11 m {35 ft),
provides a route from the sea to deep water
It connects with Raritan
Bay Channel to the west, Chapel Hill

and Terminal Channel

in Lower Bay.

Channel to the north,
to the south. Chapel Hill Channel has a
project depth of 9 m (30 ft). Terminal
Channel provides access to the U.S. Navy
ammunition piers at Leonardo. The

controlling depth in this channel is 2.1 m
(30 ft).

westward through Lower Bay and the northern

Raritan Bay Channel extends

part of Raritan Bay to connect with Arthur
Kill and the Raritan River. This channel
has a preoject depth of 10.7 m (35 ft).
Several short channels interconnect the
Raritan River, Arthur Kill,

Bay Channel at the west end of Raritan Bay.

and Raritan

An extensive turning basin has been
dredged to depths of 11.3 m (37 ft) at the
juncticon of these channels.

Several additional miner dredged
channels that provide access to small
boat harbors interrupt the configuration

at the bottom. A channel with a

11l

{3 ft) extends
from Great Kills Harbor out into Lower Bay

to the 3 m (10 ft) Off the

controlling depth of 2.7 m

contour.
entrance to Cheeseguake Creek, a channel
1.5 m (5 ft}) deep and 23-30 m (75-100 ft)
wide extends from the 1.5 m (5 ft) depth

contour in Raritan Bay to the mouth of the

creek, a distance of about 0.5 km (1600
ft). A channel about 1.8 km {1 mi} in
length, 2.4 m (8 £t) deep and 61 m (200 ft)

wide extends from the steamboat dock at
At Shoal
(12 ft)

Keyport cut into Raritan Bay.
Harbor and Compton Creek a 3.7 m
deep channel, 46 m (150 ft) wide and 2.1
km (1.3 mi}

to the

long extends into Sandy Hook
3.7 m {12 ft)
An entrance channel, 2.4 m {8 ft)
45.7 m {150 ft} wide, and about 760 m

(2500 ft) long leads from the 2.4 m (8 ft)
depth contour in Sandy Hook Bay to a small
At Atlantic

Bay depth contour.

deep,

boat harbor at Lecnardo.
Highlands the area in the lee of the break-
water has been dredged to a depth of 2.4 m
(8 ft).

Circulation in the Lower Bay

This brief description of circulation
in Lower Wew York Harbor is presented to
aid in understanding sediment transport
within the Harbor. Duedall et al.{1978)
have presented an informative synthesis of
existing knowledge on circulation in the
Lower Bay which includes a useful biblio-
graphy.

Water mcvements in the Lower Bay are
dominated by tidal currents of semi-
diurnal pericd. The Bay is relatively
wide and shallow with several open
boundaries, and it exhibits complex
channel topography and shoreline gecmetry.
There are also a number of sources of
fresh water to the Bay including the
Hudson and Raritan Rivers. These factors
combine to produce patterns of tidal flow
which are both vertically and horizontally
complex.

Tidal currents in the Lower Bay



can exceed 150 om/s (3 knots) with maximum
currents occurring within The Narrows and
the Sandy Hook-Rockaway Point Transect.
Within the western part of the Bay, tidal
currents are generally less than 50 cn/s

{1 knot} except within the Raritan River.

Figures 5a-5c¢ show current vectors at a

number of stations in the eastern and
central parts of the Bay on maximum ebb
and maximum flood. These vectors show the
asymmetry in both current magnitude and
direction which can occur between flood
and ebb.
the combination of factors mentioned

These asymmetries, produced by

earlier, maintain the nontidal circulatioen
patterns which contribute to the net
nontidal transport of sediment within the
Lower Bay. Present knowledge of these
nontidal circulation patterns is, however,
sketchy and based on current observations
from a number of clder National Ocean
survey studies. A more detailed picture
of this circulation must await a compre-
hensive modern survey.

Nontidal flow patterns in the Bay are
somewhat characteristic of those for an
estuary. In a typical estuary horizontal
density gradients are established by the
freshwater input at the head of the
estuary. Gravitational forces associated
with these gradients maintain a net non-
tidal circulation in which water in the
surface lavers moves seaward and water at
depth moves up the estuary. The vertical
section of nontidal currents at the Narrows
in Fig. 6 illustrates the seaward flow in
the surface layers and the upstream flow
at depth. Because of Coriolis acceleration
the boundary between inflowing and out-
flowing waters has a lateral slope; it is
deeper on the right side of the estuary
(looking deown stream) than on the left,

Figures 6 and 7a-7c¢ also illustrate the
structure of nontidal flow within the
Sandy Hook-Rockaway Point transect where
inflow occurs at depth within the Sandy
Hook and Ambrose channels and at all depths

on the Rockaway Point side of the transect.

12

Doyle and Wilson (1978) have shown that
this structure is well described by a
lateral momentum balance between Coriolis
acceleration due to the nontidal flow,
centripetal acceleration associated with
tidal currents within the transect, and
the lateral pressure gradient due to the
lateral variations in density. Because of
bottom topography and channel configura-
tions, the seawater flowing in through
Ambrose Channel proceeds upstream through
The Narrows, and much of the inflow through
the Sandy Hook Channel proceeds into
Raritan Bay (Figs. 7a-7c). Waters flowing
inward on the Rockaway Point side of the
transect move northward and mix laterally
with the seaward flow from the Narrows.
Raritan Bay constitutes another
estuarine system which interacts with the
system just described. Fresh water
discharge from the Raritan River produces
east-west density gradients which drive an
estuarine circulation. This circulation
involves a modest flow of saline water
westward at depth. This water enters
Lower Bay through Sandy Hook Channel (Fig.
8a)

it flows westward.

and remains confined to the channel or
Some of this water may
flow northward through Chapel Hill and

Swash Channels to eventually
In addition to

pass through
The Narrows. this westward

flow into Raritan Bay, there is a seaward

drift of fresher water which is confined

to the south side of Raritan Bay; it is
seperated horizontally from the westward
flow of slightly more saline water {Figs.
7a-7c). This structure is characteristic
of many wide estuaries and is associated
with Coriolis accelerations.

Figure 8b represents an idealized
picture of the nontidal circulation
patterns within the Lower Bay. It shows
that south of ©ld Orchard Shoal the ocut-
flow from The Narrows is deflected to the
right by Coriolis acceleration intc the
north central part of Raritan Bay. Some
of this water penetrates intc Raritan Bay

where it mixes and becomes part of the
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Fig. 7a. Nontidal currents normal to the Sandy Hook to Rockaway

Point Transect computed for 2-7 June 1952. Positive
flow is seaward. From Doyle and Wilson {1978).
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Fig. 7b. Nontidal currents normal to the Sandy Hook to

Rockaway Point Transect computed for 21-25 May
1958. Positive flow is seaward. From Doyle
and Wilson (1978} .
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Fig. 7c¢. Nontidal currents normal to the Sandy Hook

to Rockaway Point Transect computed for
12-16 August 1959. Positive flow is seaward.
From Doyle and Wilson {(1978).
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westward drift. There is also some
evidence that 014 Orchard Sheal produces
a blocking effect to water from the

Narrows and causes flow to the northwest

along Staten Island (Figs. 7a-7c¢). The
deep estuarine flow is confined primarily
to the deep channels (Fig. 8a).

BIOLOGICAL PERSPECTIVE
Introduction

The purpose of this section is to
briefly review the available information
on benthic communities which might be
disturbed by dredging in the Lower Bay of
New York Harbor. No attempt has been made
to provide a detailed analysis of benthic
populations or their distributions. The
reader should consult the original
articles listed in the annotated biblio-
graphy for more detailed informatieon.

Between 1957 and 1960 Rutgers Univer-
sity repeatedly sampled the macrcobenthos
at more than 100 stations in Raritan Bay
and LoWer Bay using Peterson and Van Veen
1975).
of these stations are shown in Figs.
and l0a,b.

Based on samples taken monthly from

February 1966 to January 1967, the Sandy

The location
9a,b

grab samplers (Dean,

Hook Laboratory, Middle Atlantic Coastal
Fisheries Center, compiled a census of the
henthic fauna off the southwest coast of
Long Island. One transect of six staticns
between Rockaway Point and Sandy Hook is
located within the limits of this study.
These station locations are shown in Fig.
11.

reported by Steimle and Stone, 1973.

The results of this survey are

In 1973 an ambitious survey of the
macrobenthos was begun by Sandy Hook
78 stations in the
Channel and the

Marine Laboratory at
area between Ambrose
Preliminary
1974.
The station leocations are shown in Fig.
1z2.

River.
in McGrath,

mouth of the Raritan

rasults are reported

22

In 1975, the New York District, U.S.

Army Corps of Engineers, examined an area

on the East Bank of Ambrose Channel, which
used as a sand borrow area
and Clyde, 1975). Shipek,

clam-dredge sampling were

was to be
{Woodward otter
trawl and
conducted both before and after dredging
operations. The "pre-dredging” part of
the study was actually conducted after

some dredging activity had begun, so an

undisturbed community may not have been

ocbtained. Station locations are shown in
Fig. 13.
A report prepared by the Sandy Hook

1971} includes an
appendix on "Benthic Communities and

Shellfish Populaticns in Lower and Raritan

Laboratory {Walford,

Bay." Dredge hauls and Smith and Mclntyre
grab samples throughout Lower Bay, Raritan
Bay and Sandy Hook Bay were taken at 15
of the stations which the Federal Water
Follution Control Administration (now the
Environmental Protection Agency) uses to
monitor microbial contamination of com-
mercial shellfish. Unfortunately, the
dates and fregquency of sampling are not
given, nor is a species list included.
Table 1 is a master species list,
combining the results of all of the above
surveys. We have made no effort to
compare the number of individuals, or
number of species, at different stations.
The wide variations in collecting devices,
sampling frequency, and sediment type;
the paucity of stations; and the exlreme
temporal and spatial patchiness of benthos,

make such a comparison of little value.
Lower Bay and Raritan Bay
Wwalford (1971) indicated that the
benthic macrofaunal densities of the Lower
Bay-Raritan Bay complex are "impoverished
in both number of species and number of
individuals, relative to similar type
estuaries and to the coastal waters of the
New York Bight.," Walford found a total of

31 taxa with 19 taxa at his most diverse
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TABLE 1

MASTER SPECIES LIST

1975
1971
1967

1975

{**Woodward-Clyde, 1975}

McGrath,
Walfora,
Steimle,

Dean,

Taxon Trawl Shipek Dredge

Annelida
{Segmented worms)

Oligochaeta
{Aquatic earthworms) X

Polychaeta

{Bristle worms)
Ampharetidae

Agabeliidea oculata
Capitella capitata
Gonitadella gracilis
Lumbrineris fragilis
Magelona ckcockensis
Magelona sz.
Microphthalmus sp.
Nephtyidae

Nephtys bucera
Nephtys picta
Nephtys sp.
Nereidae

Nereis acuminata
Nereis sp.

{Clam worm)
Phylindocidae
Pisiong remota
Sgbellaria vulgaris
Spio setosa
Spionidae
Sptiophanea bombyx
Tharys acutus
Cirvriatulidae
Aricidea suceica
tirratulis grandis
Eumida sanguinea
Glyeera dibranchiata
Malantidea sp.
Nepthys caeca
Nepthys tncisa
Nereis pelagiea
Peetinaria gouldii
Pherusa affinis
Polydera ligni

Scolecolepides viridia

Spio filicornis
Harmothoe extenuatra
Harmothoe imbricata
Lepidonotus sguamatus
Scolepedis squamata
Fhyllodoce mucosa
Autolytus cornutus
Nereis succinea
Eulalia viridis
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TABLE 1 (continued)

MASTER SPECIES LIST

{Wocdward-Clyde, 1975)
Taxon Trawl Shipek Dredge

1975

1971
1975

1967

McGrath,
walford,
Steimle,

Dean,

Ampharetidae (Cont'd.)

Phyliodoce groenlandica
Diopatra cupreq x
Lumbineris tenuis
Dodecaceria corallid
Hydroides dianthus
Streblospis benediewt

Anthropoda

Amphipoda

{Amphipods)
Azanthohaustorius millst
Bathypoleia quoddyerst
Flasmopus laevia
Haustoriidae
FParahaustorius holmest
Parghaustorius longimerus
Paraphoxrus epincsus
Frotohaustorius deichmannae
Protohaustorius wigieytl
Stenocthoe minuta
Trichophorus esistomus
Ligtralla ap.
Uneiola serrata X
Microdentopus gryllopotalpa
Ischyrocerus anguvipes
Jagsa Falecata
Faraphozus epistomus
Zammarus annulatus

g
g

- - E

S

Tanaidacea X
Leptochelia sp. X
Decapods

Caridea
{Shrimp)

Crangon zeplemspinosa
{Sand Shrimp} x

Brachyura
{Crabs)

Callinectes sapidus

{3lue crab) X
Janger Lrroratug

{Rock crab) bs x
Libinia emarginata

(Spider crab) x
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Taxon

TABLE 1 (continued)

MASTER SPECIES LIST

{(**Woodward-Clyde, 1375)
Trawl Shipek Dredge

1975

McGrath,

1971

walford,

1975

Dean,

1967

Steimle,

Brachyura {Cent'd.)

Neopanope texana
(Mud crab}

Ovalipes vecellatus
(Lady crab)

Anomura
{Crabs)

Pagurus pollicarus
{Hermit crab)

Cirripedia

Balanus crenatug
Balanus improvisus

Isopoda

Cyathura polita
Edotea montosa

Cumacea

Leptocuma miner
Diastplis sculpta
Oryurostylis smiihl

Ectoprocta

Alzyonidium polycun
Electra hastingsae
Memhranipora tenuis
Schigoporella wunicarris

Pices

Ammodytes americanus
{American sand lance!
Etropus microstonus
{Smallmouth flounder)
Cantropristis siriuta
{(Black Sea Bass)
Chilomycterus schoepfi
{Striped burrfish)
Aippucampus ergectus
{Lined seahorse)
Merluccius bilinearis
{Silver hake}
Paralichthys dentatus
(Summer flounder}
Peprilus triacanthus
{Butterfish)
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Taxon

TABLE 1 (continued)

MASTER SPECIES LIST

{**wWoodward-Clyde, 1875)
Trawl Shipek Dredge

1975

MeGrath,

1971

Walford,

1375

Dean,

1967

Steimle,

Mollusca

Gastropoda
{Gnails)

Bugyoon anaiioulatam
{Channelled whelk)
Hasgarius triviitatas
Polimives durilcates
Mitpella tunata
Adalaria proxima

Luwvatia heros

{Moon snail})

»

Bivalvia
f{Clams)

Mytilus edulia
{Blue mussel)
Muiinea Iluateralis
{Little surf clam)
Nucula proxima
{Near nut shell)
Spisula solidissima
{Surf clam)
Tellina agilis
{bwarf tellin)
datarte kopealis
Mevcenaria mersenaria
{Hard clam)
Mya arengria
(seft c<lam)
Yoidia limatulz

AHOMmII Bt

Cephalopoda
(Squid}

Echinodermata
Asterias forbegid
{Starfish)

Arbgaia puncruiaia

Nemertea
{Ribbon worms)

Nematoda
{Round worms)
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TABLE 1 {continued)

MASTER SPECIES LIST

u — r~
- [l [¥=
=) =N =
— — wy —
™~
-~ ~ o -~
£ %7 3
m o) - E
ol (") o —
g 15 1§08
(**Woodward-Clyde, 1975) = ‘ = A 0
Taxen { Trawl Shipek Dredge i l
Pices (Cont'd.} I !
I
Prionotus carolinus i ?
[Northern searobin) X i !
Peeudopleupoiacies ameplavug i ;
{Winter flounder) x . ;
Saopehilmus aguodnu . i i ‘
{(Windowpane) x | i :
Stenotamue snousoE ! i
{Scup} X i
Cnidaria (Coelenterata)
X
X

*S - specglies is a major component of McGrath's {1974) sand community.
M - species 1s a major component of McGrath's mud community.
* - numbers indicate importance of this species in East Bank community.
Number 1 contributed grecatest biomass to Woodward-Clyde (1975} samples, etc.

**Woodward-Clyde, 1975:
8 stations on East Bank of Ambrose Channel, each sampled once in June, 1975

{predredging}. At each station: a shipek grab sample, a 10 minute clam
dredyge haul, and a 10 minute otter trawl for epibenthic macroinvertebrates.
bean, 1975:

Total of 193 stations sampled during summers of 1957-1960. Stations were
in Raritan Bay and on West Bank ©f Ambrose Channel, Peterson or Van Veen
grak samples,

Steimle, 1973: ° o
One station at 40732,5°N 73758,1'W, sampled monthly for 1 year in 1966-67.
Peterson grab samples.

Walford, 1971
8 stations in Raritan, and Lower Baysg. Dates not given. Smith-McIntyrec
grab samples and shell dredge samples.

McGrath, 1974;:
78 stations, sampled conce each between 15 January and 2 February, 1973,
Stations were the same as those used by the EPA for water quality monitoring
in Raritan Bay. Smith-McIntyre grab samples.
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{112 ft)
At a

station, which was about 400 m
northeast of Swineburne Island.
station immediately east of Chapel Hill
Channel, he found only 3 living indivi-
McGrath (1974)
diversity and density in Raritan Bay,

which he attributed to pollution from the

duals. also noted very low

many waste water sources, aggravated by a
sluggish flushing pattern.

McGrath (1974} recognized two distinct
bicleogical communities. The communities
are segregated by sediment type and each
is dominated by a bivalve and a poly-

The first is found in Raritan Bay

This

chaete.
associated with a muddy bottom.
community is vwery low in both density and
diversity. Only 4 specles are seen regu-
larly, and a total of only 10 species has
{Table 1}.

is dominated by the bivalve mulinia

been reported This community

laferalis, and the polychaete Nephtys
invisa. 'The second community is associated
with a sandy bottom in the area roughly

northeast of a line from Sandy Hook to

Great Kills. It is dominated by the

deposit-feeding bivalve Telina agilis and

the polychaete worm Streblospio benedicti,

Table 1. The species lists for these two

communities are quite distinct; the mud

snail Nassarius trivittatus, 1s the only

species found in large numbers in both
communities.
Walford (1971} uscd a shell dredge to
collect larger benthic organisms, including
commercially valuable clams. Extensive
beds of empty valves of the soft shelled
arenaria, were found, but only

clam, Mya

one live individual. In contrast, in the
1357-1960 1975)

was one of the most abundant species

(Dean, Mya arenaria

survey

chserved. Cysters and bay scalleps, once

apparently common, have become virtually

extinct. Hard shell clams Mercenaria
mercenaria are fairly commen, although
In 5 m (16

varying widely in abundance.
ft}). of water, midway between West Bank and
01d Orchard Shoal lights,
(170 ££%).

Walford found one

clam per 16 m’ Virtually no
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juvenile individuals were found in Hew
York State waters of Lower Bay. Walford
suggested that normal reproducticon and
recruitment probably not occurring in the
heavily polluted waters off Staten Island,
although adult c¢lams survive there.

A report prepared by Jacobson and
Gharrett for the Conference on Pollution
of Raritan Bay and Adjacent Interstate
Waters, Third Sessicn, Federal Water
Pollution Control Administration (1967)
substantiates Walford's conclusions. They
report that the harvest of shellfish in
Raritan Bay and adjacent waters reached a
peak in the late 1880's and maintained
that level until about 1945 when the
harvest began a gradual decline to the
present low level. Oyster production was
According to

(20,000 acres)

once a major activity.
about 81 km?’
on the New York side of the estuary
32 km’

Cumming {1917}

contained oysters, {8,000 acres) of
which were under cultivation by private
industry. In the early part of the
century, shellfish growing and shipping
was asserted to be one of the most
important industries in the state with an
annual oyster catch alcne valued at from
two to four million dollars. At present
the oyster has virtually disappeared,
presumably because of destruction of seed
beds,

dredging,

increased salinity due to channel

and increased pollution levels.
According to Jacobson and Gharrett

(1364}, Public

Health Service revealed a standing popula-

a reccnt study by the U.5.

tion of nearly 1.8 x 10° m? (5 = 1lgo°
bushels)

estuary.

of hard clams in the Raritan
However, the history of the hard
clam industry is one of steadily decreas-
ing harvests as the spread of pollutants
closed the hard clam beds to exploitation.
At the present time there is a limited
area open to clamming in Sandy Hook Bay.
In their report, Jacobson and Gharrett
indicate that under optimum water gquality
conditions the potential harvest of hard

clams could amount to abecut 1.9 x 10% m?



{5.5 x 1l0° bushels)
In the past, soft clams were taken

annually.

along the New Jersey coast from Conaskonk
Point to the northern tip of Sandy Hook,
and along the entire south shere of Staten
Island. Deteriorating habitat conditions
have resulted in a decline of the harvest.
Commercial harvest data indicate that in
1948 about 0.6 % 10" m® (1.8 % 10° bushels)
of soft clams were taken. At the present
time there iz no significant commercial

harvest. the

Under optimum ceonditions,
soft c¢lam beds can produce a sustained
average annual vield of 2.6 x 107 m'/km”
of habitat. It is
{40,000 acres)
of the Raritan estuary are scft clam
habitat.
censidered blue crab habitat.

(300 bushels per acre)
estimated that about 162 km?

Formerly, the entire estuary was

The Woodward and Clyde report to the
{1875)

indicates that the densities of benthic

U.S. Army Corps of Engineers

invertebrates of the East Bank are
*comparable” to those found in other
Atlantic ccast estuaries, and are far from
"depauperate.” Woodward and Clyde reports
475 to 113,500 benthic macrofaunal
organisms per sguare meter, 4 to 25 taxa
per Shipek sample, 1 to 5 species per
trawl, and ¢ to 3 species per clam dredge
haul.

The samples taken on the East Bank
represent a third community. The species
coccurring in the largest numbers were
and Pagarus,

Mytilus eduiis, a bivalve,

the hermit crab. Of the ten species
contributing the bulk of the biomass, twa
are suspension feeders (mytilus edulis,
and Spisula solidissimal; one is a
scavenger (Pagarus); two are predators
(ovalipes ocellatus and Goniadella
gracilis) and the remaining five are
apparently microherbivores {Spiophanes
bombyx, Tellina agilis, Cirratulidae,
Paraphoxus, and Tharyx acutus).

Of the commercially valuable species,
Woodward and Clyde report large beds of

blue mussel (Mytilus edulis} are very
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common. HNeither soft shelled clams {ya

arenaria), or hard shelled c¢lams

{(Mercenaria mercenaria) were found. Blue

crabs {(callinectes sapidus) were caught in

otter trawls.

The otter trawl brought up several
commercially and/or recreationally valuable
species of fish: summer flounder {Para-

lichythys denatus), sand flounder

{5copthalmus arguesus), sguirrel hake

{(vrophycis chuss), and white hake (Uro-

phycis tenuis). The otter trawl also

caught a large number of the following
fish: sand lance (Ammodytes americanus);
common sea robin {(Prionotus carolinius);
winter flounder {Pseudopleuronectes
americanus); sScup (Stenotomus chryscps):
and cunner

These fish

tautog (Tautoga onitis);
(Tautogoiabrus adspersus).
spend much of their time near bottom

feeding upon annelids, crustacea and bi~
valves. In turn they are probably major
food sources for larger fish including

commercially and recreaticnally important

species.
SAND AND GRAVEL RESOURCES

Surficial Sediments

Introduction

Although not always a reliable
indicator of what lies beneath, the top
10-15 ecm (4-6
easily and most frequently sampled.
(1969)
of samples taken west of Ambrose Channel

in} of sediment is the most

Fray
compiled data from a large number
by Rutgers University {Dean and Haskins
{1964), the Federal Water Pcllution Control
Administration (Nagle (1967}, the U.S5.
{1954} .
samples have been

Army
Corps of Engineers, and McMaster
Cast of Ambrose Channel,
taken by the U.S. Army Corps of Engineers
1961), Woodward and Clyde (1975}

Army Corps

(Taney,
for the New York District U.S.
of Engineers. All of the above were grab
samples taken along the shoreline or from
the bottom of Lower New York Harbor.

Appendix B of this report lists all of



these samples giving their locations, and
describing their size characteristics as

reported in the literature., Figure 14

shows the location of the grab samples

taken from the bottom of Lower New York
Harbor. The period of sampling extends
from 1929 to 1975, with the majority of
the samples taken between 1358 to 1975,
MSRC Sampies

As part of the present study, the

Marine Sciences Research Center took 48
samples on March 25, 1976 with a Shipek
grab sampler. Most of these samples were
taken on East Bank, and a few were taken
on West Bank. The latitude and longitude
of the samples are given in Table 2, and

14. The location of

are shown on Fig.
the sampling stations were selected to fill
gaps in existing data, and to provide size
data for the area directly east of the
present active dredging area which is
being considered as the next active
dredging site (James Marotta, versonal
communication). Station positions were
obtained by horizontal sextant angles to
prominent shoreline features and naviga-
tional aids that were indicated on the
nautical chart. Radar ranging was used

to supplement and check position locations
obtained with the sextant.

At each station, approximately one
liter of sediment was saved for analysis.
In most cases the first drop of the sampler
brought up sufficient sediment, but 1n a
few cases 2 or 3 drops in rapid succession
were required to obtain a one liter compo-
site sample.

The samples were wet-sieved through a
62 um sieve to separate the silt/clay
fraction from the coarser sand and gravel.
Both splits were dried and weighed to
obtain the total weight of the sample.

The coarse fraction was then sieved through
4 2 mm sieve to separate the gravel and
sand fractions, and the weight cof each were
cbtained.

The sand fraction was passed through

a splitter repeatedly until a repre-
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sentative sand sample of 45-60 g was
obtained. The grain size distribution of
the sand-size fraction was obtained by
shaking the representative sample through
a series of sieves using a Ro=-Tap Shaker.
The size interval between sieves was one-
quarter phi. BSamples were shaken for 10
minutes during each run of the Ro-Tap
Shaker.

The sand retained on each sieve was
weighed and expressed as a percentage by
mass of the split and of the total
sample. The size distribution for all
camples, expressed as cumulative percent
coarser than by mass, are tabulated in
Table 3. Replicate analysis were run on
samples 26 and 33. The reproductibility
obtained for both samples was excellent.

Sevaral samples consisted predomi-
nantly of clay and silt. No size analysis
was run on these samples, and thelr
composition is indicated as "mud.” One
sample, which was almost entirely mussel
shells,

A number of statistical parameters

The

was alsoc set aside.

were calculated for each sample.
values for these parameters are given 1n
Table 4.

statistical parameters and method of

An explanation of the various

calculation are presented in Appendix A.

The average grain size for each
sample is expressed both as the median
fMd), and as Folk's Graphic Mean (Mz}.
Although the use of the median size is
not as accurate as the graphic mean, we
have been forced to use it as it is the
only average grain size value determined
by previous investigators. The median
has been used to compare the average grain
size of the surficial sediment throughout
Lower New York Harbor.

As a measure of the unifeormity of the
grain size we have determined Trask's
(851 4
standard deviation o, and Folk's

coefficient of sorting the graphic
inclusive graphic standard deviatien ar-
A measure of the asymmetry cr skewness of

the grain size distribution is provided by
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Table 2. Station Locations.

Marine Sciences Research Center
Shipek Grab Samples
25 March 1974

Longitude
73°56'29"
73°57'16"
73°58'07"
73°59'03"
74°00' 08"
74°01' 15"
74°02' 14"
74°03'43"
74°04'42"
74°04' 25"
F4° 04" 14"
74°03'46"
74°03'07"
74°03' 32"
74°03'22"
74°03'05"
74°01'38"
74°00'55"
74200 17"
74°00' 30"
T4eDi" 47"
74°01' 25"
74°00' 31"
73059! 371?
73°259'27"
73e58'10"
73°57'44"
73°57'13"
73°58'12"
73°58'47"
73°59"15"
73°59'44"
73°59"42"
73°59'36"
73°59'0g"
73°58'54"
7305814?"
73°58"' 30"
73°58'22"
73°57'48"
73°57'13"
73°57'33"
73°57'19"
73°57'17"
73°56'43"
73°56'43"
73°56'41"
73°56"10"
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Latitude

40°34' 13"
40°33' 56"
40°33'55"
40233°'52"
40°34'07"
40°34'02"
40°33'45"
40°34°'07"
40°32'58"
40°31'40"
40°30"35"
40°29'37"
40°3 37"
40°31'50"
40°33'03"
40°33'03"
40933'08"
40°33'17"
40°32'40"
40°31'53"
40°31'40"
409°31'07"
40°30'58"
40731 31"
40931 27"
40°30'58"
40°30"'31"
40=31"'19"
40-°31'27"
40°31"'38"
40°32'19"
40°32' 38"
40°33'10Q"
40°33'33"
40°33'32"
40°33'20"
40°32'54"
40°32°53"
40°33"17"
40°33"'22"
40°33"'35"
40°32'43"
40-°32'19"
40°31'45"
409°32'05"
40°32'30"
40°33'17"
40 °33'38"



91 ¢1 S51°8 8079 L0"S (o T4 I# € 18" ¢ 60°¢ 08" 1 qsZ
CE'1T SEr L 0G§°§ FRRa 4 o8 € £E1°E 09" ¢ 4 4 8.°1 eqg
806 697t 12N 021 L0 SF 0 XA 1] 00" 0 Qo0 sz
vo0°1 2970 ¥ 0 9zZ0 ST°0 170 00°C 0070 00" 0 L44
6L TP [ T4 09 ¥1 06 0£°5 LS E 59°¢ 00 SLTT (34
8T 9¢ 98781 Z6 01 £0°9 BT'¢€ 98° 1 LT 1 L8°0 9L 0 44
79T be I STO 4 £eT8I1 L0°sT S6°¢C1 80T 086 19°8 8 1¢
e Ly T8°0¢C TIPS 65°2 1¢°1 E8°0Q 590 1570 0’0 oz
LB 1t 067 ET B0 9 962 81 061 cE"T £T°T 11 61
panats jou :AeTo/31T1s Af3jvueurtwopaid BT
ov- e 18°1 60771 ¥8'0 B9 0 8GO £5°0 13 -] T€°0 LT
W . « SNOIOpOTBRH 971
peasdTE 30U IYOTW SNOIOPOTEN [}
peaaTs 30U :AeT5/377S AT3jueuTwopsid v
98" ¢ S7*E 58°¢ 08¢ TE"C 12 66°T CL°T ESTT €1
poaaTs 30U ARTD/3TIS ATIURUTWOPSIJg T
6807 0F INAcT4 78" %1 06°6 €976 [47 A8 61"¢ [ 6T°1 11
LO" ST e~ Le c8 ¥1 0E"8 8BS ¥ 1€ £5°¢C 607 ¢ L8 1 0T
£9°2L 88765 QETSP g2 "¢ BLTEE S6°ST 980T 4 8BS ¢ 6
pPaaaTs 30u 1ABRTO/3T1S ATjURUTWOpaidg B8
1970 [4 - 2a0) £EE°0 ¥z 0 170 [eh ] 60°0 S0°0 0 4
pPaadTs JOU (HONW SOOIOPOTEW [+
T6 2 BZ L1 ST°6 6Z°S 28z S9° 1 Cco°T 1570 £°0 g
18°1¢ £Z°1¢ £E870C 1€°0¢ L6l 1161 Ly BT BETLT PI LT ¥
S0 1 0670 6L°0 89°0 09°0 S0 I5°0 BY"0 £ 0 £
9¢°8 518 PO 8B g8 L L L 9L S L 6E" L oL 4
paad1s jou :AeTD/ITIS PUER STI9YS T
nfae noge noos n06S noTL nosy u gt T ww oTET uar gz
$0S°T ¢S2° T $0O0°T PSL” 05" pge $0'0 t5°0- 01— # ordues

IURY} ASSIBOD % JybTom

sTsATeUY oaAaTg

sordwes gean yodtys

YJALNA™ HOYVISIY SHEDONHISS ANIEYW

E 3 TE VY 1

38



88" 66 88766 B8 66 9766 9¢ ' 66 0o-8é 09° 68 91°¢9 £g°0¢ LS 81 a9
68°66 68766 68°66 {4766 6266 ¥6" 16 1Z°06 F1°29 LG 0¢ 6% LT egg
9866 8866 £8°66 69766 £1'66 85°L6 BT 16 8BS EL 80°2% 0012 T4
Py g6 £y 86 9086 6t 96 g0 06 06" VL LTS veroT 69792 L1°¢ ye
16686 1666 88°66 64°66 6566 6166 65° L6 G916 Gt BZ "6S €7
76766 Z6° 66 76 66 68 66 0866 9566 Z1°BE 1e°26 09 LL 09°9¢ 44
99766 99°66 9966 Z9°66 g€ 66 £5°86 L0 te 62 16 0F 9L TLFS 12
0866 Q8 66 0866 8266 GL'66 TL°66 15°66 8086 6L°TE £LTEL 0z
26766 L8 66 6L 66 89766 6L " 66 L4786 8¢ "96 L0°16 oF-08 Te LS 6T
pPoADTS JOou "hMHU\Pﬂﬁm hHJCMCHEO@WHm 21
91766 96°'86 9€£°86 28 %6 T1576L LS kS 0492 0g¢el yet L 0T'¥% (A
paARTS 30U Tonw SNOICPROT e 9T
pPoASTS 30U IYDOTW SNOIOPOTEN ST
pesasTs 30U H%GHU\UHHN %HUE@C%EOU@H@ ¥1
8¢ 86 6T "B6 S8 LE £5°96 9Z°'¢Ck LET 6L £9°VP L9791 91" L ZiLty £T
panats jou :LeT0/371s Al3lueutwopsid 71
g 66 $Z 66 TT1°66 SL g6 P6°L6 11 L6 ¥ €6 LT E8B 5089 ZLES 11
11°86 ¥F9° L6 69796 6156 6116 0% ¢6 £L°T18 69°98 LT 9L 9£°09 ot
T1°%6 CEFE EF LD BT 16 9L768 £t6°88 90°88 96°98 19°'¢8 6Z"'08 6
pPRADRTSE J0OU H%MHU\HAﬂm %HUEHCHEOG@“& g8
62 86 16° L6 LE'96 16706 68" VL 98°¢€§ £6°6C S9°TT I FAREY 80°1 L
pea=aTs 30U onw SNOJIOPOTeR g9
L9766 6% 66 03 X3 686 LE"BE LSTLE 4 PP-98 9T L 94728 g
ST-Le fv 96 8626 5208 €109 [ A Z€°T¢ 18°5¢ £9°¢C 6¥ " Z¢C ¥
7566 ZT" 66 v Le 18°88 zZh 69 LR L6°9T $7°S t0°¢ 67" 1 £
€766 £6°86 19°L6 2926 L9 LL a9t 6 B9°61 LZ°TT ¥¥6 £L°8 Z
panoTs JjoU HMGHU\HHMm pue sTT24sS T
nzg TRl 1ge ns0T ngzT NegT meLt "otz ngse nooe
100 % GSLE "0STE +5g ¢ too'e -V 08T gz -2 $0°2 TGLT # @1dues
rueyy I8siecn % 1Uybrem

(

£

pPanUTIUCD)

21 4VY 1

39



e ve LT 0OF 60°Z¢ T €1 9Z°8 £T"9 ¥o°s 80° ¢ oL ¢E =14
££709 P1°6F IT €% 60" 0% 89°LE €8¢t 61 Pt S5L70¢ [430 -+ 4 A4
9¢° 0% £6°5¢€ [4 T4 a1 12 82°L1 80'CeT 897E1 9911 oF 0ot 9¥
pPaaaTs jo0u 118§ A{aItjug S¢
£ 06 688 LE°98 T2 e 8L7°8L v vl 69769 60709 96" ¥S ’a
FLT 0L £r° 89 00°9¢ 05°€£9 £L709 €2 B9 267565 9t " 1S CE LY £V
16T OF LT 8¢ 91 8b° a1 QL™ FT T ET ET"ET S8°11 0E"T1 44
8% LT v 8 86° 6 05°§ 0% ¥ [ 4 66" E L5 € Q€€ v
€281 ET LT 86191 88°51 8t " ST L6° ¥l 85° %1 09°¢1 08" €1 or
L1 L L1°% £€9°¢ 06" 1 Ly 1 T2°1 60" 1 060 0] o] 6E
t6°6C €T°0¢ TS €1 0t'6 90°9 (SRN 4 Lg -z 00°Z 08'T 8t
6L TZ Z8° 01 £2°9 Loy A A 871 8% 1 €E1'T SO°T Lt
8y v 89°1 SL°0 BE 0 6T°0 80°0 000 00°0 0G°0 9t
6E"¢C LL"o 8270 ST°0 0T 0 LO°0 000 000 00°0 St
ST°1 8170 £0°0 10°0 000 000 00" 0 Qg0 000 ve
S9°9 L1 LY 0 TZ°0 €170 60°C 000 0070 oc*o qee
2e79 T8 1 870 F1°0 S0°0 E0°0 Z0°0 000 co°0 eey
L970L TZ°9¢% 96" SY S8'6f B80°SE §9°1¢ L6782 E0T9g 0062 [42
vz 09 g9t 18°4¢ L9781 [ AN 0E"6 6" 4L P1cL 0L 9 e
s ¢ s ¢ SZ°1 €8y 2970 6L C 5¢°0 0070 00°0 0g
10718 8% EL 0£° €9 S6°%% £o 8¥ g9 td L8°8¢ 897 1¢ 0t 6¢ 34
0% L6 L6 L6 15748 05'6L v L9 LC°2S L5°9¢ ET 01 08°¢ 8¢
767 5L Fe L T2° 1L 00" L9 18729 L9785 98756 [A AR 69°6F Le
HEATEY nozvy noos n06s A0TL 1nose umogtT  uw TECT uw Z
%089° T $5¢°T $00°1 pGL” $08° A 5070 et 0- $0TT1- # o1dureg

Tueyl Iasie0d 4% JybHTom

(PENUTIUCD)

£

T8 Y 5L

40



09766 85766 TS 66 g 66 68786 Z5° 8¢ T6°Le LP 96 106 1e°zZ8 34

£L°86 0L°86 Z5°86 98°L6 PE 96 FAS 35 96°16 9568 i8°¢c8 LT el L¥
06°66 06°66 68°66 18766 LG 66 €2 66 TZ 86 01796 65°v8 5089 S
paasIs 30u :f1ays ATsariudg S¥
SZ°86 11°86 £9° L6 696 FL F6 85°¢6 8% 26 08 16 £EE€°T6 ¥6°06 Ve
£7°66 81766 YE°B6 12786 FL"96 0T1°%6 LT 16 9% °"G8 Sp gL 69°¢€L £F
08°66 6966 19766 TE 66 95" 86 ¥9°96 Z1°06 £9°€9 8L'EE $L°2T (4
6L°26 LE"Z6 12°26 29°16 60706 S0 L8 80" 9L 09° %S 90°5¢ 11722 18
12°66 81 66 0B"86 $9° L6 £1°96 06768 88 14 SLT 0P ¥6°€£T LBTET ov
0B° 66 0.L'66 6Y 66 08° g6 68°96 PP 16 PR LL SET0F 6Z°%¢C 9221 6E
08" 66 0866 S5L°66 Y5 66 €686 60" L6 868 E¥ 9L £FLS ¥9 1¥ gE
88°66 98 66 58766 GL66 LE 66 786 6F €6 Lg-g8 £1°¢9 91 ‘6% Le
00°00T GO*00T 96766 T8° 66 81" 66 1796 PS S8 vLT19 £G 62 9k TT g€
00°00T 86766 6866 6€'66 TLL6 TL26 £8°8L 9£°¢% 0% 'CE 908 SE
0L 66 6966 09° 66 0L 66 z8°86 G6° L6 29°b6 £6° 6L Z0°1¢ Te°L 43
06°66 BB 66 B 66 05° 66 1L°86 0F°96 65° P8 Pheeg 8.°92 SG°ST =Ty
0666 B8 66 18 66 0% 66 vy 86 S6 V6 vEEg ZL° 18 6C°5% TEVT BLE
06'66 06°66 6866 98 ' 66 bL66 Bk 66 S5 86 L7796 05°16 L'z A3
00°00T O00'00T 86766 S6°66 8L 66 b 66 BT L& £8°16 PE 78 697 €L T¢
06°66 §8°66 58766 89°66 1166 7896 z0-s8 £F°09 870 £0°6T og
0666 06°66 6866 2B 66 £9°66 T1' 66 05°96 6126 L6'88 96°GH 62
06°66 06766 06°66 BB 66 98° 66 FB*66 6L°66 BS 66 5686 7686 82
0£° 66 17766 7166 686G 09°86 BG L6 TZ2°66 E9°68 £9°28 T6°LL Lz
nzg gL ngg ngQT NSzl neyT et notz ngsz noog
P00 ¥ (1T $05°¢ b5z ¢ 00" ¢ ¥eLTC $os-2Z sz $0-¢ ¢siT ¢ a1dureg

ruey) IAsILOD & IULHIOM
(pEnUTIUOD)
£ HT49 VY L

41



Table 4. Statistical Parameters.

Marine Sciences Research Center
Shipek Grab Samples

central Tendency Uniformity Skewness or Assymetry Kurtosis
Trask Inclusive Inclusive
Median Graphic Sorting Graphic Graphie Trask Graphic Graphic
Sample md Mean S50 Standard Standard Skewness Skewness Skewness Kurteosis
No. {mm} Mz {mm} Deviation Deviation 5k kg Skp Kn

1 shell and silt/clay

2 .149 2.77 1.17 .33 * 0,97 +.08 ** *
3 .144 2,82 1.7 .31 .34 0,87 +.08 +.06 1.05
4 .139 1.41 1.23

5 .308 1.75 1.24 .48 .51 0.95 +.16 +.05 1.17
6 muck

7 .154 2,70 1.21 40 .40 0.97 0.0 +.04 .97
8 muck

9 467 1.12 1.41 .88 1.08 1.07 +.03 +.17 1.74
10 .342 1.58 1.31 .55 .68 0.95 +.09 +.18 1.44
11 .314 1.64 1.35 .63 .61 1.01 -.07 -.11 1.00
12 muck

13 _1373 2.53 1.13 .28 .34 1,01 -.02 -.06 1.55
14 muck

15 muck

16 muck

17 .154 2.68 1.18 .38 .40 0.99 -.07 -.14 1.20
18 muck

19 .319 1.67 1.21 .38 .41 0.97 +.07 +.03 1.08
20 .346 1.53 1.18 .34 .34 0.99 +.01 -.01 .98
21 . 308 1.53 1.27 + .65 1.07 -.38 * *
22 .319 1.63 1.21 .48 .49 .97 +.05 -.13 1.23
23 -319 1.58 1.27 .50 .54 1.07 -.20 -.23 1.11
24 .171 2.53 1.17 .33 .34 1.04 -.08 =-.04 1.09
258 .241 2.03 1.17 .37 .37 1.04 -.10 -.11 1.14
26a .2l 2.12 1.17 .38 -45 1.11 -.33 -.43 1.55
26b .218 2.08 1,17 .38 .47 1.11 -.47 -.51 1.70
27 _146 * L +* * * * * *
28 .871 0.22 1.34 .63 .63 .97 +.04 +.04 1.01
29 . 707 * 2.22 * * 1.62 * * *
30 L 225 2.12 1l.16 .36 .37 1.02 -.11 ~.12 1.19
31 .392 1.35 1.24 .65 L .97 0.0 * -
3z . 547 * 2.28 * * 2.62 * * *
13a .210 2.18 1.1s .35 .37 1.07 -.29 -.26 1.33
i3b .213 2.17 1.18 .37 .37 1.06 -.26 =-.25 1.09
4 -233 2.10 1.10 .20 .23 1.02 0.0 +.03 1.29
as .213 2.23 1.15 .33 .34 0.97 -.02 -.01 l.18
36 .225 2.16 1.17 .31 .33 0.97 -.03 -.01 1.07
37 .277 1.83 1.23 .43 .47 1.0C ~-.06 -.12 1.16
38 .268 l.80 1.35 .65 .67 1.15 -.23 -.29 1.10
39 . 210 2.23 1.1%9 .38 .42 1.00 ~-.07 -.13 1.25
40 .203 1,90 1.20 .95 * 1.01 -.63 * *
41 .218 2.1s5 1.25 .53 * 1.04 -.14 * *
42 .218 4.55 1.21 ~3.28 * 1.1 -1.08 * *
43 1,275 * * * * * * * *
44 * * * * * * * * *
45 shell
46 .354 1.28 1.37 .83 * 1.15 -.39 * *
47 420 * * * * ¥ * * L 4
48 .392 1.33 1,21 .48 .56 1.04 -.0% -.15 1.59

*The distribution is too open to calculate this parameter,
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Trask's skewness coefficient (8k) and
Inman's graphic skewness (SkT)' For a
number of samples there was insufficient
data to calculate the inclusive graphie
sorting or skewness, In order to compare
the size characteristics of the samples
obtained by other investigators, again it
has been necessary to use Trask's coeffi-
cient of sorting and skewness coefficient.
The peakedness of the grain size distribu-
tion, or kurtosis, 1s indicated by Folk's
graphic kurtosis (KG).

Finally, we calculated two special
parameters used in evaluating the accept-
ability of sand as filtration sand; the
"effective grain size," and the "uniformity
coefficient." The values for these two
parameters are given in Table 5.

Texture

The characteristies of the surface
sediment are summarized in a series of
charts, Figs. 15 to 19, which incorporate
the results of our sampling and that of
previous investigators.

Figure 15 illustrates the size
distribution of the sediment as indicated
by the median diameter in millimeters of
each sample. This chart has been contoured
to show the areal distribution of the
various size classes of sediment. The
Marine Sciences Research Center samples
and the U.S. Army Corps of Engineers
samples which contained over 50 percent
silt and clay were not analyzed and are
identified by the letter "M" for mud.

& broad swath of mud runs from the
mouth of the Raritan River through the
length of Raritan Bay to Sandy Hook Bay.
where it is the dominant sediment type.
Mud characterizes the sediment off the
mouth of Cheesequake Creek, and alsoc in
Keyport Harbor at the mouth of Matawan
Creek. Within the dredged areas to the
west of West Bank, mud comprises the
surface sediment. A patch of mud occurs
between Ambrose Channel and the northwest
flank of East Bank just south of the

western tip of Coney Island.

along the New Jersey shore of Raritan
Bay and the western edge cf Sandy Hook Bay
are two fairly extensive areas of medium
sand. The shape and location of these
sand areas suggest they are of local
derivation.

At the southwestern tip of Staten
Island there is a relatively small area
of medium sand. Farther to the east there
is a large area of medium to coarse sand
which borders Staten Island from just west
of Crookes Peoint to The Narrows. 0ld
Orchard Shoal is included within this area
of medium to coarse sand.

Separating the band of mud through
Raritan Bay from the large area of medium
sand to the north is a belt of fine sand.
This area of tine sand is shaped like an
inverted "T", extending from the northern
tip of Sandy Hook to the shore of Staten
Izsland to the west of Crockes Point, and
northward through the center of Lowar Bay
towards The Narrows. West Bank is
included in this area of fine sand.

Most of the surface of East Bank
consists of fine sand with a medium grain
size of 0.20 to 0.28 mm. A large area of
medium to coarse sand occurs along the
western side of East Bank, and to the
southwest between Fast Bank and the
noerthern tip of Sandy Hook. Most of Romer
Shoal and Flynn's Knoll have surficial
sediments of medium to coarse sand.

Many stations within Raritan Bay,
Sandy Hock Besy, and western Lower Bay have
been sampled repeatedly over a pericd of
years. There appears to have been little
change in the type of sediment at these
stations over the period of years
represented.

Figure 16 shows the percent of each
sample which is silt/clay (finer than
0.062 mm!. 1In general, this chart
reflects the pattern illustrated by the
distribution of median diameter. Contours
representing the 1% and 50 percentiles
have been drawn, but in many areas because

of lack of closely spaced samples, their



Table 5. Marine Sciences Research Center
Shipek Grab Samples.

Effective grain size Uniformity
Sample No. {mm} Coefficient

1 shell

2 .233 L6560

3 .189 .81z
4 * *

5 .483 L7007

2} mud

7 .210 . 785

3 mud

9 L.035 536
10 .574 -660
11 .595% . 595
12 muck

13 .233 .774
14 mud

15 mug
1lé mud
17 .225 L732
18 mud

19 0.451 . 758
20 L4467 .801
21 .993 .332
22 .507 . 674
23 . 590 .R07
24 .233 . 785
25 . 342 .758
26a .366 .637
26b .379 .615
27 * *
28 1.464 560
2G * *
30 . 330 L7732
31 .812 .536
32 * *
33a . 330 683
33k .330 .683
34 . 287 .B41
35 .287 . 785
36 . 308 . 758
37 .435 .683
38 .574 .637
39 .319 707
40 * *
41 . 392 .595
42 * *
43 * *
44 * *
45 shell
46 l.082 .233
47 * *
48 .660 .B37

* The distribution is too open to calculate this parameter.
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location is approximate at best. However,
they do show that there is a fairly sharp
transition from mud to sand through
Raritan and Sandy Hook Bays. The data also
indicate that most of the area east of
Chapel Hill Chanmel is virtually free of
the silt/clay fraction. Off Staten Island
between The Narrows and just southwest of
Crookes Point, the surface sediment
contains several percent silt/clay. One
small patch within this area contains over
25 percent silt/clay. Limited data within
the dredged area west of West Bank
indicates some cof the sediment is more
than 50 percent silt/clay.

The mass percent of material
coarser than 2 mm in diameter contained
in the surface sediment samples is shown
17.

on Fig. This material may consist

of gravel, large shell fragments, or a

combination of the two. For most samples
there is no indication of the type of
material comprising the coarse fraction.
In many of the samples taken by the Marine
dciences Research Center, the greater than
2 mm size fraction consisted of large
shell fragments. This was particularly
true of samples collected in the vicinity
of Rockaway Inlet. the data

indicate that if some of the greater than

In any case,
2 mm material is gravel, it is of very
limited extent.

Trask's coefficient of sorting (Sg)
and coefficient of skewness (8k) dis-
18 and 19

The transition between well

tribution are shown on Figs.
respectively.
sorted and poorly sorted regions is quite
abrupt, generally passing from S5 > 2.3
{which is poorly sorted) to s, < 1.5 over
less than one mile. Relatively strong
skewness is associated with the poorly
sorted sediments. In general, the size
distribution in the poorly sorted area
is skewed such that there is a tail at the
fine end (Sk < 1l}.

The poorly sorted/well sorted
boundary coincides fairly well with the

50 percentile clay/silt contours as shown

50

16. it should be noted

that Trask's coefficient of sorting is not

on Fig. However,
independent of grain size, and that muds
are typically less well-sorted than fine
sands. The area of poorly sorted sediment
may not represent an area in which the
sediments are not in adjustment with the
environment. Rather it may define an area
in which muds are being deposited.

Within the well sorted region, the
sediments of the East Bank area have
extraordinarily low sorting coefficients,
within or lower than the typical 1.3-1.5
range of beach sand, which is the environ-
ment in which the best-sorted natural
sediments are expected. Folk's inclusive
graphic standard deviations for the East
Bank fall in the “"very well sorted” and
*well sorted" brackets, which the
inclusive graphic skewness is "nearly
symmetrical.” East Bank sand ig in ad-
justment with its environment,.

The few samples from Romer Shoal are
well sorted, but the inclusive graphic
skewness indicates they are negatively
skewed. This indicates the presence of a
significant coarse fraction, and supports
the idea that Romer Shoal is a relict
glacial deposit.

Sediment from the West Bank and the
area adjacent to Staten Island is not as
well sorted, and is inclined to be

coarsely skewed.

Sources of Sediment

Introduction

Any assessment of the sand and gravel
resources of The Lower Bay of New York
Harbor must consider the flux of sediment
into the area. Five sources are potential
contributors of sediment to Lower Bay and
Raritan Bay. (1) littoral
drift moving westward along the scuth

These include:

shore of Long Island, and northwards along
(2)
line erosion along the periphery of Lower
{3) the Hudson and

(4}

the ocean shore of New Jersey, shore-

New York Harbor,

Raritan rivers, sediment derived from



and (%)

solids from sewage treatment plant

the adiacent continental shelf,

effulents.
Littoral Drift

South Shore of Long Island: The
existence and direction of long shore
transport along the south shore of Long
Island was deduced long age from the west-
ward migration of inlets and spits, and
the accumulation of sand on the east side
of groins and jetties., Measurements made
between 1835 and 1934 indicate a westward
growth of Rockaway Point at an average
rate of 67 m (222 ft)
1961). In 1934, a long stabilizing jetty

was completed at Rockaway Point, in part

per year ({(Taney,

to stem the westward greowth of the point.
Periodic comparative surveys during the
pericd 1933 to 1961 indicated the jetty
trapped an average of 3.4 x 10° m? (4.5 x
1961) .

This figure has been used widely as a

10% yds?®) of sand annually (Taney,

measure of the rate of littoral drift
aleng the western reaches of the south
Since the 1961

sand accumulation east of the

shore of Long Island.
survey,
jetty has continued to grow as indicated
by aerial photographs on file at the New
York District, U.S. Army Corps of
Engineers. The Rockaway jetty is ap-
preoaching its impoundment capacity. When
this occurs the volume of sand by-passing
the jetty and entering Lower Bay will
increase significantly.

Dcean shore of New Jersey: Sand, 1in
transit northward along the ocean shore of
northern New Jersey as littoral drift, is
entering both Lower Bay and Raritan Bay.
In an experiment on the rate of littoral
drift at Sandy Hook, Yasso (1965)

sand grains with fluorescent dye and

coated

placed them at the mid~swash line two
hours before high tide. The grains were
recovered downdrift at a distarnce and time
after release which indicated an average
maximum transport velocity of between 2.0
cm/sec and 2.8 om/sec. This represents a

rapid rate of northerly transport.
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At this rate, individual grains, even
though temporarily trapped in deep water
or on the berm, could travel considerable
distance northward during the course of
the year. An inverse relation exists
between grain size and transport velocity
1965) . Yasso (1975)

the rate of littoral transport along the

{Yasso, claims that
ocean shore of Sandy Hook is the highest
cf any littoral transport within the New
York Bight.

From surveys and aerial photographs,
J. M. Caldwell (19686} that
between 1885 and 1934,
sediment at Sandy Hook amounted to 2.76 X
10° m*/yr (4.93 = 10°% yds?/yr).
built in 1762 at what was

estimated

the accretion of

Sandy
Hook lighthouse,
then the northern tip of the spit,
is located about 4 km (2.5 mi)
the tip of the spit due to the northward

today
south of

accretion of sand. This northward growth

of the spit has forced the U.S. Army Corps
of Engineers to relocate the dredged Sandy
Hook Channel 455 m (1500 ft)
during the last 40 years

farther north
(Dennis
Suskowski, N.Y. District, U.S. Army Corps
of Engineers, perscnal communication).

Shoreline Ercsion

Between 1836 and 1885,

hefore an extensive program of greirn and

Staten Island:
bulkhead construction, the shoreline
between The Narrows and Crooke's Point
receded an average of 1.8 m {6 ft} per
Fray (1969) estimated that this

represents an annual erosion of about 10

year.

m* per linear meter (4 yds? per linear ft)
or about 9.6 x 10" m® (1.26 x
After the construction

of shore,
105 yds?)
of numerous shore protection structures,

total.

the rate of shoreline recession apparently
decreased, although quantitative measure-
ments are not available.

Most of the sediment derived from
erosion prior tc the construction of
protective structures was transported
southwestward as littoral drift. This
material contributed to the growth of

Crogke's Point, and to the patch of sandy



bottom sediment off the scuthwestern

corner of Staten Island. Today, few of
the jetties which interrupt the southwest-
ward littoral drift have reached their
impoundment capacity. Residents and
officials of Staten Island reported an
increase in erosion during and after the
dredging of shipping channels and
commercial aggregate off Staten Island
{statement to the New York State Depart-
ment of Environmental Conservation from
the Civic Congress of Staten Island, April
12, 1974).

Raritan Bay shore of New Jersey:
Several shoreline areas appear to be
supplying a small amount of sediment to
the estuary at the present time.
{1969)

Mogothy formation

Fray
reported erosion of the Raritan-
at Cliffwood Beach, the
Englishtown formations
and the Red Bank and

in the bluffs immedi-~
of the Atlantic

Woodbury Clay and
at Point Comfort,
Tinten formations
ately to the west
Highlands. A few
Matawan Creek, Flat Creek and Way Point
Between 1836 and

marshy areas, around

Creek are accreting.
1886, most of the shore either gained or
lost less than 2.5 m? per linear meter
{1.1 yds® per linear ft) of shore per
year. The only exception was Point
Comfort which lost annually 5.0 m® per
linear meter (2.0 yds’ per linear ft) of
shoreline

shore. Numerous points,

indentations, and creek mouths, as well
as several groin fields interrupt the
flow of littoral drift. Conseguently,
sediment derived from shoreline erosion
is rarely transported far before redepo-
sition.

coney Island: The Coney Island beach
was repeatedly surveyed along two ranges
between 9 m (30 ft) below MLW and 1.8 or
3.6 m (6 or 12 £ft) bhelow MLW (Taney,
1961) .

regarding changes above the mean low water

No information was recorded
line. Comparison of the surveys ingdicate
ergsion amounting to approximately 81% m’

per linear meter (325 yds? per linear ft)
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of beach between 1927 and 1932, followed

by the erosion of 3250 m? per linear meter
{1290 yds? per linear ft between 1932 and
1934) .
onto the beach, it is possible that some

Since the surveys did not continue

of the loss and gain of sand reflect
seasonal onshore-offshore movement of
sediment. Any sand eroded from the
eastern section is probably carried east-
ward into Rockaway Inlet. West of the
nodal point located near the center of
Coney Island beach, sand eroded from the
beach and near shore zone is probably
transported into Lower Bay farther to the
west (Taney, 1961}).
Rivers

paritan Estuary: Drainage into
Raritan Estuary includes the Raritan River
and Navesink River drainage basins, plus
several small creeks. The waters from
the Arthur Kill-Newark Bay drainage system
flow mainly into the Hudson River north of
Staten Island.

The Mavesink River rises east of
flows 27 km (17 mi) northeast

The lower 11

Freehold,
and enters Sandy Hook Bay.
km (7 mi) from Red Bank to the Bay is an
estuary 1.2 km (0.8 mi) wide cut-coff from
the ocean by Sandy Hook Spit. The
drainage area of 245 km? (95 mi?) lies in
the marl region.

Several short creeks flow into the
estuary along its south shore. The upper
and middle courses of these creeks are
swampy, their lower courses drowned, and
they flow through tidal marshes toc reach
the estuary. These creeks, as well as
the Navesink River, are a negligible
source of sediment with respect to the
estuary.

The Raritan River enters the estuary
at the extreme western end of the Raritan
Bay. With a drainage area of 1240 km?
(48% mi’) it is the largest intrastate
system in New Jersey. There is a gradual
transition from the rapid-flowing streams
of its headwaters to the slow-moving

river in the lower Raritan valley. 1In



its last 11 km (7 mi) it meanders through
a tidal marsh. The river is subject to
tidal effects for about 24 km (15 mi}
above its mouth, but the penetration of
saline water does not extend more than
14.5 km (9 mi} above its mouth even under
extreme drcocught conditions.

The Raritan River and its tributaries
flow through an area of varied geology.
Sediments entering the drainage system
include mineral grains and rock fragments
derived from the crystalline rocks of the
New Jersey Highlands; the red sandstones
and shales of the Triassic Basin; and
unconsclidated sands, silts and clays of
the Coastal Plain.

Dean and Haskin (1964)

bottom sediments of the Raritan River at

sampled the

19 stations hetween New Brunswick and the
river mouth, a distance of 20 km (32 mi).
The river is tidal throughout the entire
distance sampled, They report that the
sediments tend to decrease in mean
particle size from New Brunswick to the
river mouth. Seaward from the Washington
Canal, the sediments grade from sand to
silty sand to clayey silt. Near the river
mouth, the particle size increases again
through silt to sand-silt-clay or silty
sand. All samples showed a wide distri-
bution of sizes represented, and the
sediment is poorly sorted.

Gross (1974) estimated that the
Raritan River delivers 70,000 tons of
sediment annually into the estuary. Most
of this sediment consists of fine-grained
silt and clay. Comparison of the probable
circulation pattern and the distribution
of sediment suggest that a portion of this
fine sediment is transported into Sandy
Hook Bay and is deposited. 1In addition,
there is a band of silt and clay along
the length of Raritan Bay suggesting that
some silt and clay is being deposited
during transit through the bay.

Hudson River: HNaturally occurring
sediments carried into lower New

York Harbor by the Hudson River
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are predominantly silts and clays
since the coarser sizes settle out in the
basins located north of The Narrows.

Panuzio (1965) estimated that the
River sediment load at approximately
In addition,

Hudson

800,0C0 tons per year. there

is a considerable amount of riverborne
wastes introduced by the cities bordering

the river. Most of this fine sediment is

probably carried through Lower New York

Harbor, however, there is good evidence
that some silt and clay is being deposited
in the vicinity of Swinburne and Hoffman
Islands as a result of a small clockwise
eddy current developed in this area.
Continental Shelf

There is very little information

regarding the transport of sediment from
the adjacent continental shelf into Lower
Bay. What information is available
suggest that little,

derived from this source.

if any, sediment is

Conclusions

Gross (1974) came to the fellowing

conclusion as to the sediment flux into
the Lower New York Harbor:

“...littoral drift is the largest
contributor of sediment to the
Estuary, depositing about 1.1
million tons of dry solids per
yvear. The Hudscon, Raritan, and
other rivers contribute about 1
millicn tons per year. Sewage
solids amount to nearly 0.3
million tons per year. To these
should be added an unknown
quantity of waste sclids that are
discharged directly to the es-
tuary. In sum, the annual
contributions of sediment from
all socurces (natural and man-
contreolled) to the Hudson Estuary
are about 2.4 million metric tons
of sclids, con a dry weight basis.”

Of the 1.1 million tons of dry solids
contributed by littoral drift, approxi-
mately 600,000 tons are derived from the
northern New Jersey littoral, and the
remainder from westward moving littoral
drift aloeng the south shore of Long
Island.

Gross reported that data from the

Corps of Engineers indicate that an



average of 2.2 million metric tons of
solids were removed from the Lower New
York Harbor each year since 1946. This
indicates a remarkably close balance
between the sources of sediment and that
removed. Study of bathymetric surveys
conducted over a period in excess of 100
vears indicate minor shifting about of
depth contours, but no major changes in
the water depths with the exception of
channels that were dredged (Fray, 1969).
Thus, the sum of sediment removed
naturally, plus that removed by annual
dredging appears to balance the sediment

inputs.

Sub-bottom Exploration
Introduction

continucus seismic reflection pro-
filing is a widely used geophysical
technique for delineating sub-bottom
geologic structures and bedding surfaces
in water-covered areas. The principle of
the technigue is the same as that of the
precision depth recorder, but since the
frequency of the sound is lower and the
energy higher, a significant fraction of
energy incident on the sea floor is
transmitted into the sea bed. Reflections
oceur at the sea floor and at surfaces
below the sea floor where there is a
sufficient change in the accustic
impedance of the material. In general,
such changes are produced by variations
in composition, texture, and other
physical properties (e.g. porosity, water
content, density, etc.).

A significant part of the present
study was to assess the value of selsmic
reflection profiling in mapping the sand
and gravel resources. To this end a
seismic reflection survey of limited
extent was conducted. Approximately 170
km (92 mi) of seismic reflection survey
lines were run on 18-20 November 1975, and
an additional 130 km (70 mi) were run on
16-17 March 1976. The locaticn of these

lines is shown on Figs. 20 and 21.

Method of Survey

The energy source used was an E.G. and
G. Uniboom-~a displacement type sound
source. The source utilizes stored
electrical energy to displace a submerged
plate and the surrounding water, thus
generating a pressure pulse. The sound
source, towed on a specially designed
catamaran, can be adjusted for a peak
energy of 100, 200, or 300 joules.

In each case the energy is concen-
trated at a frequency of about 5000 H=z.
For most of the survey a peak energy of
200 joules was used. The reflected
signals were received with an eight-
element hydrophcne array, filtered through
a band-pass filter, and recorded with a
Gifft model 4000T precision 19" wet-paper
recorder. A pulse rate of 0.5 second,
and sweep times of 0.25 second, and 0.125
second were used. The system is capable
of resolving layers less than 0.5 m in
thickness.

Frequent navigation fixes along the
tracks of the seismic reflecticn survey
were cbtained by sextant angles to shore-
line features and navigational aids
located on the hydrographic chart. Each
navigational fix was keyed toc the record
by an event marker, and numbered. Radar
ranging to known objects provided a
secondary method of navigation, and served
as a check on positions cobtained by
sextant angles.

Interpretation
Interpretation of the records is

based on the shape and character of the
echo of the reflecting layers, supple-
mented by the data from borings and other
geologic data where available. Corre-
lation of reflectors between survey lines,
was possible in some instances. The
records were adjusted for variation in
ship speed to the same horizontal scale
and a vertical profile was constructed
showing the reflecting horizons along each
survey line. A sound velocity of 1500 m

per second was used in determining the
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depth to each reflector.

The results of the seismic reflection
survey are presented as a series of north-
south and east-west oriented profiles,
Figs. 22 to 25.
Sciences Research Center profiles, are

Included with the Marine

three profiles from a seismic reflection
survey conducted by Edgerton, Germeshausen
and Grier, Inc. for Transcontinental Gas
Pipe Line Corporation in 1965. The
location of the tracks of this survey are
shown on Fig. 20.

The top horizontal line on all pro-
files represents the water surface. all
vertical distances are measured from the
water surface, and are shown in meters
belocw mean sea level. The c¢ontinuous line
below that representing the water surface
is the profile of the bottom. All lines
at depths greater than the bottom repre-
sent reflecting horizons as identified in
the records.

Discussion of Results

Examinaticn of the profiles indicate
that the number of reflectors, the
horizontal extent of individual reflectors,
and the depth to specific reflectors vary
from profile to profile. Many reflectors
terminate abruptly, while others appear
intermittently. Some reflectors are essen-
tially horizontal, while cthers are highly
irregular. The thickness of the layers
bounded by the reflecting horizons varies
considerably over short distances.

This variability in the reflecting
horizens along profiles and between
profiles indicates that the sub-bhottom
sediment characteristics and areal
distribution pattern is complex. It
suggests that the types of sediment
comprising the sub-bottom changes over
short distances, and also varies rapidly
with depth.

Since the primary cbjective of this
survey was to test the seismic reflection
methed of mapping the sub-bottom
characteristics, the survey tracks were
relatively widely spaced. The results of

the survey indicate that the characteris-
tics of the sub-bottom change over
distances less than that of the spacing
between tracks. Conseguently, it is not
possible to correlate reflectors between
adjacent parallel profiles except for one
or two prominent reflectors. Where two
tracks intersect, reflectors can be
correlated on both profiles in the
vicinity of the intersection.

The deepest reflector that we were
ahle to identify consistently is located
at a depth of 40-42 m (130-138 ft) below
mean sea level. It is characterized by
being nearly horizontal with few irregu-
larities. This reflector has been labeled
B on the profiles. It has been identified
only in the area beneath East Bank. The
location of the survey lines along which
this reflecter has been identified is
shown on Fig. 26.

A second reflector which appears
consistently in the records varies in
depth between 20m (65 £t) and 30 m (100 ft)
below mean sea level. On the profiles,
this reflector has been identified by the
B, This reflector apparently is more ex-
tensive than is reflector A. Figure 27
shows the survey lines on which reflector B
appears. In the area of Swash Channel, it
occurs as a strong reflector at a depth of
25-30 m (B85-100 ft). Deneathe East Bank it is
identified at a depth of approximately 20m
65 ft) o, and under the present location of
Ambrose Channel, reflector B appears to
define a broad valley, Figs. 28 and 29.

A number of sedimentary and geclogic
structures can be identified in the
records, These include: cross-bedding,
channel £fill, ercsicon surfaces, and
possible slump structure. The irregular
surface shape of a number of the
reflectors do not appear to be due to
crustal deformation, but rather were
produced by sedimentary and geomorphic
processes.

Identification of sediment type on

the basis of the echo characteristics of
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Fig. 26. Location of seismic reflection survey tracks
along which reflector A has heen identified.
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a reflector is very difficult. 1In a few

instances, a tentative identification of
sediment type can be made based upon the
echo characteristic and correlation with
data from a nearby boring. Fine-grained
sediment with & high organic content,

such as a buried marsh, appear to occur

in some areas. These areas are character-

ized by wvery fuzzy echos, and frequently
mark the sudden termination of strong
reflectors. A possible explanation of
this feature is a sand-filled channel
within a buried marsh. Sand and gravel
normally produce strong echos. Based on
the limited amount of data available from
this seismic reflection survey, and
without correlative data from borings,
identifying a layer as sand or gravel is
tentative. However, the results cof the
survey indicate that with adequate control
provided by existing boring data located
both within Lower New York Harbor and
along the shore, it would be possible to
identify zediment types in many instances.
To do this reguires that survey tracks
cross the boring sites.
Conclusions

The records indicate that the
characteristics are highly

both horizontally and vertically.

sediment
variable
Discrete reflectors rarely can be traced
for more than 2 km {1 mi} along any seismic
reflection profile. Sediment layers
defined by the reflecting horizons thicken
and thin, or pinch out over very short
distances. Assuming that similar
appearing reflectors on adjacent profiles
are the same is not warranted. A variety
of sedimentary structures and geomorphic
features appear in the records.

The evidence from the seismic re-
flection survey coupled with data from
boring logs indicate that a variety of
sediment types; including organic muds,
silt and clay,

combirnations of these underlie the bottom

gzand, gravel, and various

of Lower New York Harbor. A variety of

sediment sources plus several gecomorphic
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processes have operated within these areas,
and are responsible for the variable
sediment types present and their distri-
bution.

The preliminary seismic reflection
survey of a portion of Lower New York
Harbor conducted by the Marine Sciences
Research Center has demonstrated the
value of this geophysical method in
assessing the sand and gravel resocurces of
the area. Interpretation of the seismic
reflection records has shown that there
are numerous and rapid changes in the
lithology of the sub-bottom, both herizon-
tally and vertically. To adeguately
determine the extent of the sand and
gravel resources will require detailed
mapping of sub-bottom characteristics of
Lower New Yerk Harbor.

Recommendations

Based upon the results obtained to
date, and examination of seismic reflec-
tion records made available to us from
other sources, the following recommenda-
tions are made:

1. A detailed seismic reflectiocn
survey of Lower New York Harbor
offers the only practical and
economical method of mapping
the sub-bottom sediment areal
distribution and vertical
extent of sand and gravel
deposits.

2. The seismic reflection survey
should consist of an inter-
secting grid of closely spaced
lines. The orientation of

the survey lines should be

approximately northeast-

southeast corresponding to the

strike of the geologic forma-

tions, and southeast-northwest
which roughly corresponds to
the reqional southeast dip of
the geclogic structure.

3, Selecticn and operation of
seismic reflection instrumen-

tation should be designed to



provide the maximum amount

of sub-surface information
from the bottom to a depth of
approximately 30 m (100 ft)--
the maximum depth to which
dredges can operate.

A few limited seismic reflec-
tions surveys have been
conducted by other organiza-
tions over the past years.
The guality and extent of
these surveys vary, however,
they do provide considerable
information that should be
correlated with and inccr-
porated in the recommended
survey. The survey should be
designed to intersect all
previous survey tracks.
Records from some of the
previous surveys have been
obtained already by the
Marine Sciences Research
Center.

A considerable number of
borings have been taken over
the years for various purposes
within the Lower New York
Harbor and along the adjacent
shore. The seismic reflection
survey tracks should be

designed to intersect all
offshore boring sites, and
tie-in with onshore boring

sites as closely as possible.
Interpretation of the seismic
reflection records should be
correlated with the boring

data.

A number of regional and local
geoclogical reports include geo-
logic maps and vertical profiles
of the geologic structure and
lithology. The seismic reflec-
tion survey should be designed
to take full advantage of this
data, and tie-—-in with it

wherever possible.

7. Any comprehensive program of
borings should be undertaken
only after the completicon of a
detailed seismic reflection
survey. This would enable the
drilling sites tc be located
where they would provide a
maximum of information.

8. To carry out a seismic reflec-
tion survey as recommended will
require precision navigation,
It is suggested that an
electronic navigaticn system

be used.

Leower New York Harbor as a
Spurce of Sand and Gravel

Dredging Operations

Remcval of bottom sediments by
dredging has occurred at many areas within
Lower New York Harbor. The purpose of
this dredging is to provide and maintain
shipping channels, to provide access
channels to local harbors, to supply
artificial fill to form beaches and
provide shore protection, and as a source
of constructicn material.

At the present time dredging activity
is cleosely controlled. Commercial
dredgers must obtain a permit and a water
gquality certificate from the Department
of Environmental Conservation, a permit
from the U.S. Army Cerps of Engineers, and
a license to remove material from state
owned lands, from the New York State
Office of General Services.

Before 1966 commercial dredgers
worked in whatever parts of the Bay
In 1966 the

New York State Conservation Department

yielded suitable material.

issued a "Recommendation for a Preferred
Dredging Area in Lower New York Bay"

which permitted mining in a large area of
the West Bank of Ambrose Channel (Fig. 30
In the late sixties, dredging was approved
in a restricted area of the East Bank, at
the bend of Ambreose Channel. The West
Bank was closed to dredging in 1973,
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Currently permits are granted for private
commercial dredging both on the East Bank
and in portions of Chapel Hill and Swash
channels, but 90% of the actual dredging
activity takes place on the East Bank
area. Dredging for public works has
generally been under the same areal
constraints as private dredging. An excep-
tion is the 2.8 x 10% m? (3.7 x 10° yds’)
Rockaway beach restoration project, for
which the D.E.C. approved a special
borrow area west of Rockaway Point.
Since 1933, the New York State Office of
General Services has collected royalties
on dredged materials destined for private,
semi-public, or out-of-state projects.
on the other hand, those dredging opera-
tions conducted for public works projects
in New York City have been carelessly
regulated. Records of gquantity and
location of mining for public works pro-
jects are buried in a labyrinth of city
agencies, or nonexistant.

The best available estimates of
the volume of sediment dredged is given
in Tables 6 and 7.
private commercial dredging between 1950
and 1966 (S5chlee and Sanko, 1975} re-
present minimum guantities; those from

1966 to 1275 (James Marotta, Office of

The figures for

General Services, personal communica-
tion) are more accurate. Public works
dredging, Table 6, includes fill for Newark
and LaGuardia airports, Port Newark, the
Brooklyn and Elizabeth Piers, and the Rocka=-
Rockaway Beach restoration project. This
list is probably not complete. )
Since 1950, commercial operators have
removed at least 41 x 10° m® {54 x 10°
yds?) of material upon which royalties haw
been paid, and at least an additional -
26 x 10° m? (35 x 10° yds®) for public
works projects. The total volume removed
for channel maintenance plus aggregate
mining is over 72 x 10° m*® (94 x 10° yds?).
This volume of recorded dredging in
the Lower Bay is eguivalent to lowering

the bottom by more than one yard within
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the area of the gquadrangle whose vertices
are Coney Island, Rockaway Point, Sandy
Hook, and Great Kill Point.

The largest volume of sediment
removed within the Raritan Estuary was
during the construction of the New York-
New Jersey Channel connecting Sandy Hook
Channel with Arthur Kill and the Raritan
River. The first maijor project to dredge
the Raritan River-Arthur Kill Cut-off
Channel, New York-New Jersey Channels, and
Perth Amboy Anchorage was authorized in
1902. Deepening of the New York-New
Jefsey Channel to a project depth of 35
feet was authorized in 1935, and dredging
operations commenced shortly thereafter.
Enlargement of the Perth Amboy Anchorage
was carried out during 1952-1954. Con-
tinual maintenance dredging has been
performed te maintain project depths.
Figures available on the volume of
sediment removed and the median grain
size of the sediment are tabulated in
Table 7.

Commercial and maintenance dredging
operations will continue to remove large
volumes of sediment in the foreseeable
future. 0On the basis of planned and pro-
posed beach replenishment and highway
construction projects, Peter Sanko predicts
that the demand for sand throughout the
remainder of the 1970's will probably
exceed 6.5 x 10% mi/yr (8.5 x 10° vds’/yr)
Schlee and Sanko (1975).

Sand Resources

Figure 31 shows potential sand
borrow areas, and estimates of the thick-
ness of useable sand. These depths have
not been limited by current technological
and legal limitations, but only by our
obzervations of sediment type. Where
possible, we have determined the thick-
ness of the surface sediment laver,
either from seismic reflection records
or boring data. Elsewhere, the numbers
represent the thickness of sediment about
which we have sufficient informaticn to

make an educated guess. These numbers



"31d 110d 4Aeg Aaamog
A313 yaed Axezzeq
yiemay JO 3I0G

usouNU %7
{UBE 3IS5M 9

EL6T ueg IS®IT 76 ‘LN 3O 330d 008 BLE'Z) Q0Z 568°1 {00B PPE‘F) (006°1Z€°€C) £LE6T
Hd “PUI “3IW ZIIARH
y3I0K A3TD jI1eg Lasazed
TTTH T3deud 407 31043TY ‘L'N ‘YIEMIN
TL6T {0T8°509)  QLT'€9F (BLL"ITS'T) QOE'L91°1 yued 31%5ed %06 yi3aqez Ird 3104 [ODY EHEG)  QOZ79BO'F (000'STO0"2) (009°0vS T) ZTLi6T
TL61 *otd UCLUH ‘Maeman {000 000"T) 008°¥9L DOV ‘SHZ YY) OOT'¥8Z'E  TL6T
‘pur 3aodxy - rouy
oL6T ayrduiny [N
¢ yisqezI1E 3I0d (000'SLT°2)  006°299°T {00F“156) 009 LTL CL6T
ayrduziny *r'N
696T “pur 3jxodxg " asury [0D0°0GF k) OQOE'ZOR'E 6961
8967 (00s'812) 00T’ L9T EXISTd UYIaqezIT3 [(DOT'T6E‘E) O0L‘265'C €961
L961 aytduinl “£TN 00F°PT6°F) O0B'LSLE  £961
9961 {DOF‘ZER) 0O¥’9E9 (0SD’'PEE) 006°5L9 'rUH ‘gL e (COSSZE’Z)  0D0D'BLL'T 9961
S96T ‘TN ‘BL T (005 TbE) 001192 G961
pasT (000 00G°¥)  0OS'OPP'E  P96T
€961 (COD’STE) 008°'0b2 130dITY yIRMBN {(DOB'TSS ¥T) 009'SZTIY (0GD'00S ) DOS'OPPE EI6T
z961 (000°TST) 00y ‘sTT {000°00T°'T) 000°Tt8 Z961
1961 (009 P65} 009' 45t 81314 Y3oaqeztld (DOZ'866"L) OQOT'STIL’9 (000°CCT T} 00OD'TFE T961
0961 (00D*00T T} CO00’TrE 0961
6GET yaemaN 330d (000" LBT) 000 EeT goo‘noT Ty OQ0C'TER 6G6T
£I3Td
B56T uATyooIg/eTpIENDET (0067560"1) 0Q06"LE8 (000°'COT’T)  OQ0'THs 8561
LSBT 81314 uk7yo0ig (008" 692) 00E 902 (000’ 00¢) 00F ‘62T LSeT
956T {cn0‘00f) 00kF* 622 956T
SS6T {opo*00g) 00%°622 GCET
pS6T {000’ 00£) oov‘eZZ pS6T
56T (000 00E) oob'6z2 £66T
TSET (GO0°000°T) 009 9L ZS6T
1G6T (000°C00°T) 009°'P9L 1661
0561 370dITY YIUMmaN (LST'%TP E}  QTETOT9°Z (000°Q00°'T)  009°F9L 0661
(;8P£) w ‘SuMTOA 3oeloag (,5pA) [ ‘sunToa { spX)  w ‘aumroa XWX
11Ty 1edey) pue asoxquy
(pTRd)
FOUTUTH sat31eioN)
Jo (sa13TRAod ON) se | LBUTUTW
Teag ++m:qmuuua SoUPU3JUTEY UoTIEI0T sy wBUTUTH gXICM OTTUNG TeI2I9UMC]

JogIed ¥IoX smaN woly pabpeIq juawrpas IO SUMTOA JO S3IPWTIST
1

"9 ITqRL

70



*330 buitpunox weoIy 3ITNEsa sersurdllssTp Syl
* 8pA UT paiiodar aIam UYDTUM WIRp OTSRN SY3 WOIF PIIRINITED 3I8m sIuI[RaAInba orajaw

+
+

ITwwez uyop woid
WIIOINW SIWe[ woId

5L671-996T POTIad I0] BIICIEW SSUWEL WOIJ 44
996T-05€T porIad J0J ONURS I919d WOXd
‘230w 10 ‘XZ Jo I03ae3 e ATybiy 003 3q APw G961 230j°q pebpaip pues Jo SPumloa IOF Son{ea pajioday

(otz’6zr 1]  _B0G°TE0°T (8¥0'90E'Y) L0Z'Z6T'E

{006°00T°SE) _OD8'9EB8'9Z

A31) xaed Aa’a3eq
axtduanl "C°K

Iaedsueil
AIw3TTIW Buucdeg
‘LN JO 3304

71

fQOB'ZTFO"¥S) _00E'6IE 1Y STIVIOL

SL6T x27duwo) €320ds “£°N (009°866°¢}  0OB'TZ8't  SL61
YIIoN
TIH Tadeys w01
jqued I8e3 40§
TITH 39931 $7 IURT4 TI04 4vg Azamog
y3xon LN 3O 3304
ate Taded) g A31d *xd Arsaawg
YLET (679°519) 049%°0LF AULd IBWR 306 ayrdaany "rUR (ODT’STO’E) DOZSO0E‘T w6l
[EPA) (w ‘sumioa joaloag { &pA) (w “aumToa (. SPA) w “Bumion Ieag
111H 12dey) puw ILoXqUY
(pred)
4BUTUTH sav3Tedod}
30 [89TITRACH ON) wa ‘aburuTi
ELED ++mcmmuwua aduruajuTey uoiiwdo] as ' RBUTUTH S3a0M STTANA LA EFETT Y

(PANUTINGY) ‘9 B[qwL



Table 7.

Summary of maintenance dredging in Raritan Bay
Channels and in Sandy Hook Channel:

dates, volumes

rempved, and median grain size of dredged material.

RARITAN ESTUARY
Channel

South Amboy Reach

Great Beds Reach

New York-New Jersey Channels
sections 6,7,8,9%9,11,12

New York-New Jersey Channels
Perth Amboy Anchorage

New York-New Jersey Channels
Perth Amboy Anchorage

South Amboy Reach

Great Beds Reach

New York-New Jersey Channels
sections 9,10,11,12

Hew York-Hew Jersey Channels
Parth Amboy Anchorage

Median Diameter

Dates volume (mm}

Nov.-Dec. 1963 166,800 m® 139,700 yds®

May-RAug. 1964 517,150 m' 676,400 yds® 0.043
Sept. 1564 389,600 m? 509,600 yds® 0.035
Oct.-Nov. 1965 354,000 m® 463,000 yds® 0.035
April-May 1967 279,800 m® 366,000 yds® 0.008
July-Aug. 1967 483,200 m? 632,000 yds’ 0.031
July-aug. 1268 441,500 m® 577,500 yds® 0.035
TOTAL 2,572,005 m* 3,364,200 yds’®

Average annual rate for S5-year period 514,400 m? (672,800 yds’)

SANDY HOOK CHANNEL

Channel Section

Sandy Hook Point

Sandy Hook Channel

Main and east sections
Sandy Hook Channel

East section

Median Diameter

72

Dates Volume {mm)
July-nug. 1965 165,450 m® 216,400 yds? 0.270
April-May 1965 267,450 m’ 349,800 yds’ 0.248
Mar. -Apr. 1968 381,800 m°® 499,400 yds® 0n.220
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are based on very limited information,
and should be used only as a very tenta-
tive estimate of the sand that is
available. In most cases there is no
information on the sediment characteris-
tics with depth.

The small patches of sand near the
New Jersey and Staten Island shcre of
Raritan Bay may be of commercially
useful grade, although we have only vague
grain size analyses. Cores show that the
sand nerth of Comnaskconk Point and Point
comfort reaches at least 7 m {24 ft) below
sea level. The area of this patch is
about 13 x 10° m? {15 x 10°% yds?®); the
volume of potentially mineable material
is about 230 x 10° m? (300 x 10°% yds®).
However, aggregate mining close to the
Mew Jersey or Staten Island shore would
aggravate already severe shore erosion
problems.

Aggregate mined from the large area
west of Chapel Hill Channel and north of
Raritan Bay Channel would probably have
a broad and rather unpredictable grain
size distribution. Discrete layers
can not be followed for any distance on
either core logs or the seismic reflec-
tion prefiles.

A very large volume of sand is
available in this area. Near Swineburne
Island,
ft) MLW.

nearby West Bank commercial dredging area

cores show clay below -15 m (=50

Dredging operaticons in the

uncovered "mud" at about the same depth
(James Marotta, personal communication).
Therefore, for the area west of the
former West Bank dredging area, we have
estimated the volume of sand based on
-1s m (-50 ft? as the maximum depth.
Further south, we feel that the sediment
to the depth of consistent penetration
of the seismic reflection profiles {(-25
m, -82 ft)
superficially reworked by marine pro-

is outwash sand and gravel
cesses. Most outwash sands are
acceptable for commercial use. Except

for previously mentioned areas around

T4

Swineburne Island, the cores in this
potential borrow area show various combi-
and

nations of sand, sand with gravel,

gravel, throughout their depth. Since
the water on the West Bank is shallow,
the thickness of sand ranges from 15-24 m
(50-79 ft).

Material mined from the area bounded
by Ambrose Channel, Chapel Hill Channel,
and Raritan Bay Channel will have a
coarser grain size distributicon with more
gravel than the sand now being mined. We
feel that everything shallower than

-82 ft) is useable

Horizon B (~-25 m,
sand.

In the area neorth east cof Ambrose
Channel, we assumed that the entire
thickness of sediment overlying Horizon
A {-40 m, -131 ft)

Cores indicate grain size generally

is useable sand.
coarsens with depth, although there are
occasional deep lenses of silt.
FPotential Uses

Thus far, the only uses which have

been made of Lower Bay sand are for land-
fill and for beach restoration {James
Marotta, personal communication). As
Fig. 32 shows, the surficial sand is
suitable for fill over many sguare miles
of Lower Bay since the only requirement
is low silt/clay content.

Beach restoration is a rather
special case since an attempt is usually
made to closely match the grain size
distribution of the natural beach. We
hope that the grain size data included
in Appendix B will prove useful in
choosing borrow areas for future restor-
ation projects.

In addition, sand from parts of
Lower Bay may be acceptable for other
uses. In Appendix C we have presented
the M. Y. State Department of Transporta-
tion specifications for mortar sand, grout
sand, cushion sand, concrete sand, mineral
filler, blasting sand; and the American
Water Works Association requirement for

filter sand, Table 8 lists those MSRC
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Table 8. Marine Sciences Research Center, Shipek Grab Samples,
Acceptability of Sediment for various New York State
Department of Transportation Specification.

NYSDOT NYSDOT
Select Select
NYSDOT Fill for Fill for
NYSDOT NYSDOT NYSDOT NYSDOT NYSDOT Blasting Sand Saelect Under- Above-
Sample Mortar Grout Cushion Concrete Mineral Gl G2 Sub- Water water Filter
NO. Sand Sand Sand Sand Filter grade Placont. Flacmnt, Sand
1 F F F F F 0K F F
2 F c F F c F F 0K DK oK c
3 F fo} < F F c F F OK OK OK OK
4 F c F F o F F OK 0K OK c
5 F C F F c F F oK OK OK OK
6 F F F F F F OK F F
7 F F F F c F F OK OK 0K OK
8 F F F F F F OK F F
9 OK c F* F c F P OX OK OK c
10 oK c* F F c F F OK 0K OK OK
1l F c* P F c F F oK OK 0K
12 ¥ F F F F OX F F
13 F c F F c F F oK OK oK 0K
14 F F F F F P COK F F
15 F F F F F F OK F F
16 F F 7 F F F OX P F
17 F F F F c F F oK CK OK oK
18 F F F F F F OK F F
19 F* c F F c F F 0K OK OK 0K
20 OK oK CK ¥ c F F OK oK OK OK
21 F* c F F c F F OK oK OK F
22 F* cr F F c F F OK oK OK 0K
23 F* c* F ¥ c F F 0K OK OK 0K
24 F b F F c F F oK OK OK QK
25 F oK F F c F F OK oK OK oK
26 F c* F F ¢ F F OK oK OK oK
27 OK c oK c c F F oK OK OK C
28 c c ox c c c F oK oK 0K c*
29 OK c CK cr c F F OK OK OK c
30 F OK F F c F F oK 0K CK oK
31 oK c CK F c F F OK oK OK c
iz F c F F*,C* c F F OK OK OK c
33 F [):4 F P c F F OK OK OK OK
34 F oK F F c F F oK OK OK OK
35 F [0):4 F F c F F oK OK 0K 0K
36 F OK F F c F F oK (6.3 oK oK
37 F c* F F c F F oK oK OK 0K
38 F cw F F c F F OK oK OK OK
ig F c* F F c F F oK OK OK oK
40 F c ¥ F c F F DK 0K oK cT
41 F c F F c F F OK 0K CK [
42 F c F F c F P OK OK [} 4 c
43 oK't c ok’ c c P F 0K OK oK c
44 oKt c okt ¢ c 7 F oK OK oK c
45 shell [03:4
46 oKt c okt F c F F oK oK oK c
47 okt c okt c c F F OK oK OK c
48 okt c okt F c F F OK 0K OK o*

0K acceptable

F too fine on one or more sieves

c too coarse oh one or more sieves

* within #2% on one sieve of being acceptable

t much of coarse fraction is shell rather than gravel

76



Lower Bay Surficial samples which pass

each test. .

Potential scurces of mortar sand
13)

Island sheore,

(Fig. include an area near the Staten

the Romer Shoal area, and
the Rockaway Inlet Channel. Samples from
this last area contain a high shell con-
tent which may make them unacceptable, and
in any case biased the grain size distri=-
bution towards the coarse.

As Fig. 34 shows, the northern half
of the East Bank,

Shore, may have sand suitable for grout

up to the Coney Island
sand. Romer Shoal and the area to the
east of it are another potential source.

Much of the area east of Ambrose
channel {(but nct the East Bank Shoal) has
sand acceptable for cushion sand (Fig.
35). The warning about the shell content
of Rockaway Inlet Channel sands applies
here as well.

Figure 36 shows the area with sand
which meets the basic gradation require-
ment for filtration sand for sewage.
Filtration sand must pass additional

uniformity requirements which vary from

Table 5 lists the

uniformity coefficient and eiffective grain

plant to plant.
size of each MSRC sample. These parameters
determine the acceptability of sand for

use in individual treatment plants,

The sieve sizes we used were not
appropriate for testing for foundry sand.
However, N.Y. State Department of Public
Works (1973
the permitted dredging areas on the East
and West Bank and found them acceptable

tested 3 samples dredged from

for foundry sand.
None of our samples met the regquire-
ments for concrete sand, mineral filler,
or blasting sand.
often sand guarried on land must be
screened, or mixed to meet specifications
(Mr. N.Y.

Transportation, personal communication).

FPeterac, State Department of

Such processing could enlarge the areas of
acceptable sand. The well sorted grain
size distribution of East Bank sand would
seem desirable for the production of
mixed sands, since the contribution tc the

mixture would be uniform.

74" 00" 73455
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AFPPENDIX A

STATISTICAL

1

Fhi Feale mm. Adding 1
The phi (+) scale is used to describe diameter in mm, :
particle grain size. Phi diameter is 24 = % mm.
defined: diameter in mm.:
I —log2 (D) -2% = 4 mm.
. mm, b mm,
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PARAMETERS FOR MSRC
SRABS, AND A BRIEF EXPLANATION O THEM.

where D is the diameter in millimeters.

Figure A-1 gives a conversion chart
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smaller diameter.

83

¢ =

Notice that a larger

for diameters in phi units and milli-

indicates

Zero ¢ units egual one

corresponds te halving the

oy =

04

Q.19

1 mm,

= 1 mm,

lp = % mm,

Subtracting 1t doubkles the

=15 = 2 mm,

¢ mm
'
i —oo0a
COANSE +
ST —
s.0—F
[—o.o0s
MEDIUM [
ST —
l—o02
+
s.0o—f
| -‘»—
FINE -4
SILT
F—10.0/
*+
“+— 0009
1 7p—J— 0008
- v.007
+—0.006
YERT
FINE -~
ST
—-0.003

4
+—0.003
coanst |
CLATY o
4.
F=9.0-—0002
MEDIUM
CLAY -

-LOG, diometer In mm.

|
w
L]



Statistical Paramet~rz

All descriptive measures of sediment
are based on a comparison with the
measured sediment distribution with a
"nermal" or Gaussian distributicn. The
normal distribution is cne in which there
is one size class into which a large
number of particles fall, and the
frequency of occurrence of particles on
either side of this peak decreases symmet-
rically and in such a fashicon that the phi
diameter ws. weight-percent graph forms a

"bell shaped" curve.
Central Tendency

It is desirable to have one number
for each sample, which can be compared
with that of other samples, to state
definitively that one is ccarser than the
other. Measures of central tendency are
designed to fill this need. The median is
that diameter whereby 50% by mass of the
sample is coarser and 50% finer., TIf the
size distribution by mass percent 1is
plotted cumulatively as "% coarser than"
vs. ¢ diameter, the ¢ diameter correspond-
ing to the 50th percentile on the size
distribution curve is the median:

Md = D5O

Median can also be expressed in
millimeters:

Md = Mmgg
The mean particle diameter is physically
the x-coordinate of the center of gravity
of the area under the freguency distri=-
bution curve. It can be estimated
graphically from the cumulative.distribu-
tion curve by taking the average of the
diameters at the lé6th, 50th, and 84th
percentiles.
Y15 * ¢53:0 * Pgq’

Mean and median grain size are

M =

functions of (1) the size range of the
materials from which the sediment is
derived, and (2) ,the amount of energy
available to transport the sediment. In

general, sediments become finer in the
direction of transport, downstream in
rivers, and down drift on beaches, spits,

and bars.
Zorting or Umiformity

Measure of sorting describe the
spread or range of the size distributicn
curve.

Trasks sorting ceocefficient is given

by:
5 = Mm25

o —_—

Mg g
The closer S, approaches one, the
more uniform is the sample. Beach samples
commonly have S, = 1.3 to 1.5.
Inman's graphic standard deviation is
given by:

ag = (¢84;@16]

Folk's inclusive graphic standard
deviation is:

_ ¢84-t16 + #95-45
17 4 6.6

J

These measures of standard deviation are
similar in concept, but the inclusive
measure incorporates a larger part of the
size distribution curve, and hetter
indicates sorting in the tails of the
distribution, where large departures from
the normal curve are likely to appear.
However, frequently, the size distribution
at one or the other extreme 1s unknown and

Inman's statistics cannot be calculated.

" In both cases, the c¢loser the standard

deviation appreaches zero, the better

sorted the sample is. For I the

following descriptions have been proposed:

<0.35 very well sorted
0.35-0.50 well sorted

0.50-1.00 moderately sorted
1.00-2.00 poorly sorted

2.00-4.00 very poorly sorted
>4.00 extremely poorly sorted

Sorting depends on at least 3
factors: {1) size range of the materials

from which the sediment is derived, (2}



current velocity -- constant velocity
sorts better than fluctuating velocity;
and medium.velocity better than either

(3}

rate of supply of detritus -- any sorting

very weak or very strong currents, and

agent does a more thorough job if the rate
of input of new sediment is low. PFinally,
observation indicates that secrting is

dependent on grain size, Iine sand (2: to
3}

clavs

is frequently well sorted, as are
{102 (-3¢ toc -5 );

sediments whose mean grain size is 0p to

and gravels but

-1+ or 6» to 8n are generally poorly

sorted.

Skewneszs
In a normal distribution, the median

equals the mean. In fact, this is rarely

the case, and skewness 1s a measure of the
discrepancy between mean and median. For
example, a sample is said to be skewed

toward the fine if its median grain size
is smaller (median 7+ diameter is larger)
than its mean grain size, Trasks

skewness coefficient is given as:

_ Mmyg X Muog

Md

If Sk = 1, the point of maximum sorting is
at the median grain diameter. When Sk > 1
the size distribution curve of the sample
has a tail of excess material at the
coarse end. When Sk < 1, the excess
material is at the fine end.

Inman's graphic skewness is given by:

o + 2L
sk, - 16 T84 . 50

Folk's inclusive graphic skewness is

given by:
* igs
Mes = 45

“ig ¥ tgy T 25 5
Sky = -7t 3
*g4 T T1e

Again, the two graphic measures of
skewness are analogous in concept, but

Folk's skewness incorporates more of the
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size distribution curve. A sample with
SkG or SkI equal to zero is perfectly
symmetrical. If SkG or SkI is negative,
the sample is coarse-skewed; positive
values indicate fine-skewing.

The following verbal limits apply to

SkI
-1.00 te -0.30 very coarse skewed
-0.30 to -0.10 moderately coarse
skewed
-0.10 to +0.10 nearly symmetrical
0,10 to 0,30 maderately fine
skewed
0.30 to 1.00 very fine skewed.

Kurtosis

Kurtosis indicates the relative
lengths of the tails of the distribution
to the central portion. Kurtosis can be
visvalized as a measure of the peakedness
of the distribution relative tc the normal
"bell shaped" distribution.

Folk's graphic kurtosis is given by:

K. = $95 - ¢5
G~ Z.44 (975 - ¢25}

The skewness and kurteosis of single
source sediments, such as beach sands,
tend to be gquite low. Sediments from
multiple sources such as mixtures of beach
sands with lagcoonal clays show proncounced

skewness and kurtegsis,
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APPENDIX B

TABLES OF SIZE CHARACTERISTICS OF SEDIMENT SAMPLES

Table B-1. §Size Analyses Beach Samples~Raritan Estuary
Staten Island, New York-U,S. Army Engineer District, New York

Sampling Date: January-March 1961, also May 1962 as noted

Range Sample Geographic Latitude Longitude Ma
No. No. Location {N) (W) (mm) Sq Sk

Sample Locaticn: Backshore

3 Sl Graham Beach 40°34.4" 74°05.0° 0.34 1.41 1.08
8 Sl Great Kills Park 4¢0°31.8" 74°08.3" 0.42 1.59 1.20
9 51 Eltingville Beach 4p°32,1" 74°08.9" 0.38 1.86 1.63
11 Si Arbutus Lake 40°31,2" 74°11.8" 0.57 1.55 0.95
13 sl Mount Loretto 40°30.1° 74%13,5" 0.28 2.40 5.30
15 S1 Tottenville Beach 4p0°29.8' 74°15.1" .50 1.56 1.19
16 sl Tottenville Beach 40°29.8"' 74°15.1" 0.36 1.20 0.86

Sample Location: Mean High Water

1 52 Fort Wadsworth 40°35.8" 74°03.4" 0.41 1.61 1.12
3 52 Graham Beach 40°34.4" 74°05.0" 0.41 1.20 1.11
5 52 Cakwocd Beach 40°33,2" 74°06.5" 0.33 1.258 1.04
8 52 Great Kills Park 4p°31.8" 74°08.3!" 0.37 1.27 l.00
11 52 Arbutus Lake 40°31.2" 74°11.8" 0.42 1.45 1.16
13 52 Mount Loretto 40°30.1" 74°13.5" 1.10 1.66 .64
15 s2 Tbttenville Beach 40°29.9" 74°15.1" 0.74 1.82 1.12
18 s2 Tottenville Beach 40°29,8" 74°15.1" 0. 36 1.28 1.07
Sample Locaticn; Mean Tide Level
1 S$3 Fort Wadsworth 40°35.8' 74°03.4" 0.20 1.16 1.08
3 53 Graham Beach 40°34. 4" 74°05.0" 0.34 1.30 1.07
5 53 Oakwood Beach 40°33,2! 74°06.5" 0.21 l.09 1.19
8 53 Great Kills Park 40°%31.8" 74°08.3" 0.40 1.21 0.99
9 53 Eltingville Park 40®32.1" 74°08.9" 1.50 1.81 1.76
11 S3 Arbutus Lake 4p°31.2" 74°11.8"' 0.43 1.29 1.30
13 53 Mount Loretto 40°30.1" 74°13.5" 0.94 2.97 2.50
15 S3 Tottenville Beach 40°29.8° 74°15.1" 0.18 1.81 1.22
16 53 Tottenville Beach 40°29.8" 74°15.1° .40 1.49 1.26
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Table B-1. {contlinued)
Range Sample Geographic Latitude Longitude Md
No. No. Logcation (H) {W) {mm) So Sk
Sample Location: Mean Tide Level, May 1562
1 s3 Fort Wadsworth 40°35,8" 74°03.4° 0.21 1.53 1.71
3 53 Graham Beach 40°34.,4° 74°05.0° 0.28 1.52 1.17
5 S3 Qakwood Beach 40°33.2" 74°06.5" 0.80 1,44 3,78
8 s3 Great Kills Park 40°31.8" 74°08,3" 0.26 1.22 1.16
9 S3 Eltingville Beach 40°32.1° 74°08.9" 1.20 2.96 1.98
11 53 Arbutus Lake 40°31.2" 74°11.8" 0.33 1.26 1,07
13 S3 Mount Loretto 40°30,1" 74°13.5"' 0.26 2.99 4.78
15 53 Tottenville Beach &p°29.8" 74°15.1" 0.46 1.37 1.42
16 53 Tottenville Beach 40°29.8° 74°15.1" 0.44 1,35 1.16
Sample Location: Mean Low Water
1 54 Fort Wadswoerth 40°35.8" 74°03.4! 0.20 1.13 1.04
3 54 Graham Beach 40°34. 4" 74°05.0°' 1.20 1.96 1.17
8 54 Great Kills Park 40°31.8°' 74°08.3° 0.28 1,17 1.00
9 sS4 Eltingville Beach 40°32.1! 74°08.9" 1.1¢ 1.00 1.07
11 sS4 Arbutus Lake 4g0°31.2! 74¢11.8"' 0.58 1.50 1.06
13 54 Mount Loretto 40°30.1" 74°13.5" 0.65 2.83 2.31
15 54 Tottenville Beach 40°29.8" 74°15.1" 1.10 9.02 4.90
146 sS4 Tottenville Beach 40°29.8" 74°15.1" 0.80 2.12 0.63
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Table B-2., Size Analyses Beach Samples-Raritan Estuary
Perth Amboy, New Jersey-U.S. Army Engineer District, New York

Sampling Date: January-February 1362

Range Sample Latitude Longitude Md
No. No. (v) (W) {mm) So Sk
Sample Location: Backshore
1 51 40°30.0" 74°16.7° 0.58 2.40 1.1s
2 sl 40°20.0" 74°16.5" 1.00 2.19 1.57
3 51 40°30.0" 74¢16.3° 1.50 2.15 1.32
4 sl 40°30.0° 74°16.2" 0.50 1.49 1.902
5 sl 40°30.0° 74°16.2° 0.60 1.70 1.16
3 sl 40°30.0" 74°16.1" 0.32 1,22 1.05
7 s1 40°30.0° T4°16.1" 0.35 1.20 0.86
9 Sl 40°30.0" 74°16.0" 1.75 4.35 0.85
Sample Location: Mean High Water
1 52 40%30.0° 74°16.7" 0.60 1.66 1,22
b 52 40°30.0" 74°16.5" 10.15 2.76 0. 46
3 s2 40°30.0° 74°16,3" 0.60 1.54 1.17
4 82 40°30.0° 74°16.2" 0.94 4.76 14.43
5 52 40°30.0° 74°16.2" 0.67 2,21 1.65
& 52 40°30.0" 74°16.1" 1.00 2,39 1.48
7 S2 40°30.0" 74°16.1" 0.36 1.38 1.23
sample Location: Mean Tide Level
1 s3 40°30.0° 74°16.7" 0.34 1.29 1.05
2 53 40°30.0" 74°16.5" 8.60 3.41 0.40
3 53 40°30.0" 74°16.3" 0.81 4,22 7.38
4 53 40°30.0" 74°16.2" 3,35 1.58 1.07
5 53 40°30.0" 74°1l6.2" 1.65 2.44 1.07
6 53 40°30.0" 74°1l6.1"' 4.95 2.21 1.01
7 53 40°30.0"' 74°16.1" 0,45 1.52 1.02
Sample.Location: Mean Low Water
1 sS4 40°30.0"' 74%16.7" 0.65 1.89 1.29
2 S4 40°30.0" 74°16.5" 10.00 4.47 0.24
3 54 40°30.0" 74°16.3" 1.90 1,77 1.35
4 54 40°30.0"' 74%1l6.2" 1.85 3.8l 0.93
5 54 40°30.0" 74°16.2" 1.60 5.23 3,22
6 54 40°30.0"' 74°16.1" 1.20 3.39 2,41
7 sS4 40°30.0° 74°16.1" 0.38 2.8B1 3.1a
9 54 46°30.1" 74°15.0" 6.00 7.24 0.26
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Table B-3.

Raritan Bay and Sandy Hook Bay, New Jersey

U.5. Army Engineer District, HNew York

Size Analyses Beach Samples-Raritan Estuary

Sampling Date: 1957
Sample Geographic Latitude Longitude Md
No. Locaticn (M) (W) { mm} sO x
Sample Location: Mean High Water
1- City of Socuth amboy
2-581 Borough of 40°28.6" 74°16.0" 0.26 1.28 1.06
Sayreville
3-51 Borough of 43°27.9"7 74°15.6" 0.58 3.28 2.16
Sayreville
4-51 Laurence Harbor 40°27., 8 74°15.5" 0.64 3.54 3.13
5-81 Laurence Harbor 40°27.6"' 74°15.0" 0.90 5.09 2,33
6-51 Laurence Harbor in 40°27.5" 74°14.4" 0.34 B.40 29.60
Madison Township
7=-51 Cliffwood Beach in 40°27.1° 74°13.4" 1.50 5.73 1.22
Matawan Township
8=-51 cliffwood Beach in 40°26.9"' 74°12.8" 0.53 5.16 9.68
Matawan Township
9-51 Borough of Keyport 40°26. 3" 74°12.1" 0.40 1.40 1.11
109-51 Borough of Keyport 40°26.6" 74°11.6" 0.44 2.35 2.40
11-51 Borough of Union 40°27.1" 74°11.2" 0.33 1.31 1.10
Beach
12-81 Borough of Union 40°27.4" 74°11.0" 0.39 1.30 1.06
Beach
13-51 Borough of Union 40°27.5" 74°10.8" 0.38 1.34 1.06
Beach
14-81 Borough of Union 40°27.3" 74°10.5" 0.32 1.27 0.98
Beach
15-51 Borough of Union 40°27.0" T4°10.0" 0.50 1.61 1.12
Beach
16-51 Borough of Union 40°27.0"' 74°09.4" brick fragments
Beach
17-81 Borough of Keansburg 40°27.1" 74°08.5" 0.28 1.24 1.03
18-51 Borough of Keansburg 40°27.3" 74°08.1° 0.29 1.17 1.01
19-51 Borough of Keansburg 40°27.1" 74°07.8". 0.28 1.21 1.07
20-51 East Keansburg 40°26.7"' 74°06.7"' 0.28 1.21 1.07
21-381 Port Monmouth 40°26.5" 74°06.2" 0.31 1.34 0.98
22-581 Belford 40°26.2"' 74°05.2° 0.30 1.36 1.18
23-81 Belford 40°26.1"' 74°04.8° 0.30 1.27 1.11
24-51 Lecnarde 40°25,3" 74°03.4° 0.28 1.10 0.96
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Table B-3. (continued)
Sample Geographic Latitude Longitude
No. Location (M) (W)
25-s51 Borough of Atlantic 40°25.0"' 74°02.4"
Highlands
26-51 Borough of Atlantic 40°24.8" 74°01.1"
Highlands
27-31 Borough of Highlands 40°24.,7" 74°00.1"
27-585 Borough of Highlands 40¢25.2" 73°59.7!
28-55 Borough of Highlands 40°24.3" 73°58.8"
28-87 Borough of Highlands 40%24.3" 73e58. 7"
29-55 Borough of Highlands 40°23.8" 73°58.7"
Sample Location: Mean Low Water
1-52 City cf South Amboy
2-52 Borough of 40°28.¢6" 74°15.6"
Sayreville
3-82 Borough of 40°27,97 74°15.6"
Sayreville
4-52 Laurence Harbor 40°27.8"' 74°15.4"
5-52 Laurence Harbor 40°27.6" 74°15.0°
6=52 Laurence Harbor in 40°27.5" 74°14,.4°
Madison Township
752 Clifford Beach inh 40°27.2" 74°13.3"
Matawan Township
8-52 clifford Beach in 40°26.97 74°12.8°"
Matawan Township
9-52 Borough of Keypert 40°26.3" 74°12.1"
10-52 Borough of Keyport 40°26.6" 74°11.6°
11-52 Borocugh of Unicon 40°27.1" 74°11,3°
Beach
12-52 Borough of Union 40°27.4" 74°11.0°
Beach
13-82 Borough of Union 40°27,5" 74°10.8"
Beach
l4-52 Borough of Unicn 40°27.3" 74°10.4°
Beach
15-52 Borough of Union 40°27.0°" 74°10.0°
Beach
16=-52 Borough cf Union 40°27.1" 74°09.4"
Beach
17-52 Borough of Keansburg 40°27.1" 74°08.5"
18-52 Borough cf Keansburg 40°27,.3° 74°08.1"
19-52 Borough of Keansburg 40°27.1" 74°07.8"'
20-52 East Keansburg 40°26.7"' 74%06.7"

20

0.43
1.05
1.02
0.70
0.33

0.50
0.29
0.23
0.44

1.28
2.44
1.31
1.30
1.15

Mud*

Mud

Mud
1.37
Mud

3.87
Mud
1,28

Mud

1.20

1.36
1.29
1.25
1.46

1.08
2.43
1.03
1.04
1.086

4,27

1.09

1.24

5.77

0.97

1.06
1.14
1.17
1.12



Table B-3. {continued)
Sample Geographic Latitude Longitude Md
No. Location (M) (W} {mm) Sg Sk
21-52 Port Monmouth 40°26.5" 74°06,.2"' 0.75 1.63 1.32
22-52 Belford 40°26.2" 74°05,2" 1.15 1.38 1.16
23-52 Belforad 40°26.1" 74°0p4.8' 0.26 1.21 1.04
24-52 Legnardo 40°25. 4" 74°03.4" 0.60 1.78 1.07
25-52 Borough of Atlantic 40°25,.0°" 74°02.4" 0.95 3.74 2.86
Highlands
26-82 Borough of Atlantic 40°24.8" 74°01.1° 0.30 1.36 1.07
Highlands
27-52 Borough of Highlands 40°24.7" 74°00.01° 0.25 1,22 1,04
271-54 Borough of Highlands 40°25.2° 73°59.8" 1.15 1.68 1.30
28=-54 Borough of Highlands 40°24.3" 73°58.8" 1.75 2.34 1.61
28-56 Borough of Highlands 4ap°24.3" - 73°58.7° 0.74 1.5%7 1.07
29=-54 Borough of Highlands 40°23.8" 73°58.7" 0.48 1.26 0.93

*Sediment predominantly finer than sand:; not

91

analyzed.



Table B-4. Size Analyses QOffshore Samples-Raritan Estuary
Staten Island, New York
U.5. Army Engineer District, New York

Sampling Date: January-March 1%61

Range Sample Geographic Latitude Longitude Depth Md

No. No. Location (N} (W) {m) (mm) So sk
1 S5 Fort Wadsworth . 40°35.7° 74°03,3" 2.3 0.26 1.49 1.18
1 S6 Fort Wadsworth . 40°35.6° 74°03.2" 4.1 0.25 1.38 1.34
3 55 Graham Beach 40°34.4" 74°04.9°' 2.3 0.40 2,03 1.37
3 S6 Graham Beach 40°34.2" 74°04.6" 3.7 0.26 1.48 1,30
5 55 Oakwood Beach 409°32.9" 74°06.1° 1.6 0.36 1,58 1.30
5 S6 Oakwood Beach 40°32,8" 74°05.9°7 2.9 0.42 1.58 1.27
5 57 Cakwood Beach 4p0°32,7° 74°05.7"' 3.8 0.44 1.56 1.49
8 56 Great Kills Park 40°31.1° 74°07.3" 1.7 0.22 1.55 1.80
9 55 Eltingville Beach 40°31.5" 74°08.4" 2.0 0.36 1.74 1.13
11 55 Arbutus Lake 40°31.0" 74°10.6° 2.1 0.15 1.32 1.12
15 55 Tottenville Beach 40°29.5" 74°14.8" 1.1 0.30 1.74 1.79
15 S6 Tottenville Beach 40°29.4"' 74°14.7" 4.3 0.54 2.52 1.95
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Table B-5. Size Analyses Offshore Samples-Raritan Estuary
Perth Amkoy, New Jersey
U.5. Army Engineer District, New York

Sampling Date: January-February 1962

Range Sample Latitude Longitude Distance
No. Ne. ~ (N) {W) Offshore, (m)
1 56 40°29.9" 74°1l6. 7! 305
1 57 40°23.7" 74°16.7" 610
2 56 40°29.8" 74°16.5" 305
2 s7 40°29.7" 74°16.5" 510
4 1 40°29.8" 74°16.3" 305
4 57 40°29.6°" 74°16.4" 610
7 55 40°29.9" 74°16.1" 152
7 1 40°29.8"' 74°16.1" 305
8 55 40°29.,9" 74°15.9" 152
8 56 40°29.8" 74°15.9"' 305
9 55 40°30.0"' 74°15.9" 152
9 56 40°29.9"' 74°15,8" 305
10 55 4p0°30,2°" 74°15.7" 152
10 56 40°30.1" 74°15.6" 305
11 55 40°30.3" 74°15.6" 152
11 56 40°30.3" 74°15.5" 306
12 55 40°30.5" 74°15.6" 152
12 56 40°30.5" 74°15.5" 305

*predominantly silt material, not analyzed.
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Table B-6.

Raritan Bay and Sandy Hook Bay,

U.S. Army Engineer District, New York

Sampling Date: 1957
Sample Latitude Longitude Depth
No . (N} (W) (m)
53 4n°28.7" 74°15.6" .1
sS4 40%29.1" 74°14.8" 1.
53 40°28.2" 74°15.4" .8
sS4 40°28,7° 74°15.1"
53 40°28,2" 74°15.2!1 .
s4 40°28.6" 74°14.9" .3
53 40°28.0" 74°14.8" 2.0
54 40°28,5" 74°14.57 2.4
53 40°27.8! 74°14.2" 1.
sS4 40°28,4" 74°13.9"' 2.6
53 40°27.5" 74°13.2" 2.4
sS4 40°28.1" 74°12.9"
53 40°27.3" 74°12.6"
sS4 40°27.7" 74°12.3"
53 40°26. 7" 74°12,.1" 1.6
sS4 40°27.2! 74°12.1" 2.5
53 40°26.9" 74°11.8" 1.
sS4 40°27.2" 74°12.1"
53 40°27.2" 74°11.6° 1.
s4 40°27,2" 74°12,1"
53 40°27.5"' 74°11.4° 2.
sS4 40°27.6" 74°11.8° 3.
S3 40°27.9" 74°10.8" 1.7
s4 40°28.6" 74°10.8" 3.7
83 40°27.5" 74°10.1" 2.
54 40°27.8" 74°09.6"' 2.9
S3 40°27.3" 74°09.9" 2.
s4 40°27.8" 74°09.6"' 2.9
S3 40°27.2" 74°09.5"
g4 40°27.8" 74°09.6"
S3 40°27. 4" 74°09.0" '
S4 40°27.8" 74°09.6"
s3 40°27.7"' 74°08.2" -8
a4 40°28. 3" 74°08.2" -4
g3 40°27.4" 74°07.4" 1.3
54 40°27.8" 74°07.1" 2.1
53 40°27.0" 74°06.5" 1.2
s4 40°27.6" 74°06.1" 4.
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New Jersey

0.65
0.27

0.29
0.29
0.26
0.25
0.24
0.28

Mud*
Mud
Mud
Mud
Mud
Mud
Mud
Mud
3.59
Mud
1.25
Mud
1.26
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mud
1.30
1.14
Mud
Mud
Mud
Mud
Mud
Mud
Mud
Mud
1.23
1.17
1.24
1.30
1.23
1.18

1.19

1.03

0.9%

0.77
1.02

1.03
1.01
1.00
0.97
1.04
0.94



Range

HNo.

21
21
22
22
23
23
24
24
25
25
26
26
27
28
29

Table B-5. [continued}

Sample Latitude Longitude
No. {N) (W)
S3 40°26.9" 74°05.9"
sS4 40°27.5" 74°05.5"
53 40°26.6" 74°05.0"
54 40°27.1" 74%04.7"
S3 40°26.4" 74°04,6°"
54 40°27.0"' 74°04.3"
53 40°25,7" 74°03.2"
54 40°26. 3" 74°03.0"
53 40°25.4" 74°02.2"'
54 40°25.9" 74°02.0°
53 40°25.2" 74°01.1"
54 40°25.6" 74°00.9"
S3 40°24.9" 73°59,9!
53 40°24.2" 13°59.0°
s3 40°23,8" 73°58,8"

Depth Md
{m) {mm} So Sy
1.3 0.25 1.23 0.96
3. 0.28 1.19 1.04
1. 0.32 1.36 1.22
3.9 0.28 1.21 1.07
1.4 0.30 1.24 1.086
3.4 0.28 1.20 1.15
2. Mud
4. Mud
3. Mud
5. Mud
. Mud
.5 Mud
0.3 0.81 1.32 1.11
0.52 1.31 1.06
3.9 0.30 1.16 1.01

*Sediment predominantly finer than sand: not analyzed.
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Takle B-7.

S5ize Analyses Offshore Samples-Raritan Estuary

Petersen Grab Samples

Oyster Research Laboratory, Rutgers University

Sampling Date:

21 July-é August 1958

Station Latitude Longitude Depth Md Percent
No. 40°N 74°W {m) {mm) 55 Sk Gravel Sand Silt Clay
101 28" 11" o' 07" 2.1 .348 1.20 0.98 0.1 97.7 0.6 .6
102 28" 06" ag' 22" 3.7 L2690 1.80 0.63 0.6 Bl.4 11.6 .4
103 28" ps" g 3s" 2.3 L3510  1.20 0,99 0.6 97.6 0.6 .4
104 277 41" i1+ 52" 4.0 .009 4.11  0.90 0.7 18.6 56.0 24,7
105 26 39" 12" oo 3.5 .014  2.16 1,55 0.8 21.2 73.6 4.4
106 28" 1s" 11' 47" 4.7 .006  2.43 0.75 0.4 5.2 €9.9 24,8
107 28' 40" 11t 23" 6.1 .017  2.19 1,27 1.1 20.2  74.0 4.6
108 29" 08" 10' 57" 7.0 .0l2 2.05 1.25 0.5 18.4 77.1 4.0
109 29' 117 10t 27" 7.3 .006 2,00 1.14 0.2 3.2 83.5 13.1
110 29' 18" 09' 20" 7.5 .014  2.01 1.39 0.8 19.0  74.3 5.9
111 29' 27" o8' s7" 7.9 .008  2.62 1.1z 0.5 11.5 73.8 14.2
112 28" 48" a8' 39"- 6.4 .018  3.98  3.91 2.9 28.0 69.9 6.2
113 29 17" 07" 25" 11.0 .006 2.84 2.60 2,1 12.9  76.5 8.5
114 30' 10" 0% 00" 7.8 .014  3.37 1l.64 1.7 26.3  66.9 5.1
115 g 33 pg' 59" 5.5 .084 2.89 0.77 0.8 67.8 24.6 6.8
116 31 20" g8' 37" 3.0 .326  2.1%  0.91 5.5 83.6 7.8 3.1
117 30" 57" 09' 37" 4.4 .055  2.09  0.50 0.5 S6.7  35.4 7.4
118 30’ 28" 10" 36" 5.0 .026  3.03 1.34 4.3 35.6 56.3 3.8
130 297 44" 16" 43" 6.4 .088 1.98 1.07 0.1 7.0 86.4 6.5
131 297 46" 16" 29" 2.7 L032  6.930 .35 2.1 44.6 31,2 22.1
132 30" 30" 15' 30" »9.1 .020 5.50 0.12 0.2 7.3 64.3 28,2
133 30" p7" 15" 32" 9.1 .006  2.46  1.34 1.0 11.7 72.7 l4.6
134 29' 54" 09' 53" 7.9 .014  3.43 1.36 3.2 24.2  68.6 4.0
135 291 48" 10' 53" 6.6 .016 3.81  0.56 0.4 23.2 57.2 19.1
136 291 45" 11* 57" 7.0 .444 1,84  1.30 14.0 77.0 4.9 4.1
137 30! 23" 121 14" 5.9 L007  3.75  0.77 0.2 11.1  82.1  26.6
138 29" 48" 13 o&" 5.8 .009 3.54 0.83 0.7 13.5 63.7 22.1
139 29 48" 13' 45" 5.0 L334 1.51 0.86 5.1 85.9 5.1 3.9
140 29 31" 14' 35" 2.7 .21 2.1z 2.02 12.1 80.1 3.6 4.2
141 29' 13" 14* 43" . 7.0 .328  1.43 0.93 1.2 94.8 1.1 2.7
142 29' 38" 15* 23" 14.0 .176 4.89 0.22 9.6 60.0 19.2 11.2
143 291 25" 16 06" 4.3 .005 3.87 0.55 0.5 11.6 56.5  31.4
144 2%' 05" 15" 46" 4.5 .008  4.74 0.96 0.1 20.9 52.5  26.5
145 29 10" 15 37" 3.5 .006  2.13  0.92 0.0 2.7 79.1 18,2
145 29" 10" 15' 10" 4.6 .085 7.79 6.33 5.4 51.8  26.6 16.2
147 28 57" 15' 18~ 3.0 L00%  1.95  0.97 0.8 5.8 B3.6 9.8
148 29" oo" 15* oL" 3.0 .006 2.89 0.45 0.8 4,1 66.7 28.4
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Table B-7. (continued}
Station Latitude Longi tude Depth Md Percent
¥o. 40°N 74°% {m) {mmm) 54 Sk Gravel Sand $ilt Clay
149 28' 51" 15' 9" 5.0 .006 2.54 1.09 -6 7.4 72,6 19.4
150 28 33" 15' lo" 3.0 .004 5.00 0.5% L7 8.2 51.7 34.4
151 28' 1lg" 15' 1lo* 2.0 .025 6.92 0.51 0. 34.5 43.0 21.6
152 28" 11" 14' 15" 3.0 .012 9.73 1,57 33.1 38.8 27.0
153 27' 58" 13" 56" 2.4 . 347 1.23 0.98 3. 92.1 1.6 2,7
154 27 46" 13' oo 2.7 .08 5.68 2.02 32,0 57.3 9.6
155 28" 14" 13t 40" 2.7 . 269 5.79 ¢.086 f 60.9 24.7 8.2
156 28" 35" 14" 28" 2.7 .01l 3.59 0.62 15,4 61.7 22.5
157 28' 43" 14' 55" 2.7 -010 3.32 0.81 0. 14.0 65.1 20.7
158 28" 53" 14 48" 3.2 .008 3.16 0.84 . lo.0 66.8 23.2
159 28' B3" 14 22¢ 4.0 .007 2.66 1.11 0.1 7.8 73.8 18,3
169 28" 50" 13' 38" 4.0 -007 1.94 1.01 0.1 3.0 B6.2 10.7
161 23" Q6" 13' 46" 5.5 .010 1.95 1.00 0.1 7.6 84.6 7.7
162 29" 23" 1z2' 31" 4.6 007 3.07 0.90 0.6 12.8 62.6 24.0
163 28' 57" 12* 36" 5.0 .011 3.92 0.80 0.4 20.6 57.8 21.2
164 28' 24" 12 44~ - L0007 4.16 0.66 0.3 11.4 59.8 28.5
165 28" 59" 11 s9°" -—= .006 3.71 0.88 0.2 11.9 60.8 27.1
166 33 30" 03' 42¢ 5.0 096 1,90 ¢.98 1.0 74,8 22.2 2.0
172 32' 54" 03' 02" 7.0 .065 2,16 0.65 1.0 62.5 29.8 6.7
173 32' 50" o' 11" 3.5 . 399 2.27 2.53 24,6 £9.9 5.3 0.2
174 a1 37" g6' 02" 5.9 114 1.95 0.88 4.1 73.9 17.0 5.0
175 30" o&" gg' 02" 7.5 136 2.12 0.50 0.1 73.1 24.5 2,3
17e 3o oo” 03' 06" 7.5 .186 l.28 1.00 1.0 95.1 3.6 0.3
177 27 25" g1' 30 6.6 .288 1.50 0.78 0.4 4.7 1.6 3.3
178 28' 12" 03" g8" 8.5 .078 5.52 0.09 ¢.5 56.4 28.0 15.1
179 27' 55" g5 12" 5.0 012 3.57 1.78 0.3 27.4 68.3 4.0
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Table B-8,

Size Analyses Offshore Samples-Raritan Estuary

' Petersen Grab Samples

Oyster Research Laboratory, Rutgers University

Sampling Date:

3-30 July 1959

Station Latitude Longitude Depth Mad Percent
No. 40°N 74°% T my (mm) 8o Sk Gravel Sand Silt Clay
210 28' 13" g8' 06" 1.8 . 337 1.21 0.95 95.4 1.0 3.6
211 28' 05" 09" 20" 3.7 301 1.62 0.78 6. 8l.1 4.0 8.2
212 28' 05" 10 29" 2.7 . 359 1.20 1.01 95.8 0.5 3.3
213 28" 423" 11* 25" 4.0 .005 4.39 1.16 11.3 57.1 29.8
214 28*' 15" 11 45" 3.4 .006 5.58 0.53 1.1 10,2 55.6 33.1
215 27 41" 11* 52" 3.0 -015 4,38 2.90 27.4 52.9 15.3
216 27 oo l12* oo" 2.4 .010 2,16 1.10 0.6 16.0 63.5 19.9
2L7 27" 48" 13 2" 2.7 .010 9.14 0.84 . 26,2 40.8 30.9
218 2gr 35" 12+ 48" 3.4 . 005 7.73 0.93 . 17,9 39.9 36.6
219 28 59" 127 41" 3.7 .09 4.89 0.50 13.4 53.7 28.1
220 28' 48" 13" 45" T .005 4.68 0.36 2. 5.8 55.0 37.0
221 28" 13" 13+ 42" 2.7 .283 1.95 0.48 1.9 76.0 11.8 10.3
222 28" gz2" 137 57" 3.2 . 337 1.54 0.79 5.4 76.9 8.2 9.5
223 28" 10" 14t 22¢ -0 .010 3.50 0.94 2,2 20.2 54.7 22.9
224 28" 35" 14" 29" .3 .012 2.19 0.88 0.2 5.6 75.86 18.6
225 28" 43" 14" 58" -0 .010 2.68 0.87 0.6 14.3 65,4 13.7
226 28" 14" 15' 09" 3.7 .030 5.17 0.68 1.1 33.8 47.1 18.0
227 28" 34" 15" 10" 4.0 .009 3,08 0.47 1.6 9.6 63.6 25.2
228 28! sz* 15' og" 4.3 .010 1.69 1.00 0.2 6.6 79.1 14.1
229 28' 58" 15' 18" 4.3 .007 2.40 0.53 0.2 3.4 72.4 24.0
230 29 23" og' 25" 5 .027 19.23 2.46 16.3 29.7 30.2 23.8
231 29' 23" 09' o1 6 011 1.71 0.99 2.1 4.4 80.1 13.4
232 29" 15" 09' 18" 7.0 .010 1.63 l1.00 1.4 4.9 79.9 13.8
233 2% 51" 09' 55" 7.0 010 3.18 0,56 0.6 4.7 70.9 23.8
234 30" 07" o8* 59" 7.6 .018 3.08 0.42 2.5 13.4 65.5 18.6
235 3 32" 0g' 54" 6.1 .075 2.18 0.57 1.0 66,6 20.1 12.3
236 31" 17 o8' 33" 3.8 .516 2,31 0.79 13.6 78.4 4.1 3.9
237 30 55" 09 38" 4.4 064 1.83 0.72 1.7 61.8 23.6 10.9
238 3p' 28" 10' 33" 5.5 .031 4,26 0.45 8.4 32,2 39.5 19.9
239 2% 48" 10 57" 4.9 014 2.74 1.45 9.1 15.5 61.3 14.1
240 29" 48" 11* 58" 3.7 .645 2.64 2,03 27.5 66.6 1.9 4.0
241 30' 23" 12" 14" 4.3 .01 2.64 0.96 0.3 15.8 64,7 19.2
242 259" 45" 13* 13" 4.0 .011 1.72 0.99 1.7 10.4 75.8 12,1
243 29' 49" 13* 48" 2.35  ,387 1.62 1.18 8.2 85.3 2.4 4.1
244 29" 30" 14' 36" 1.2 .238 3.69 6.20 25.6 69.4 1.3 3.7
245 29' 13" 14" 43" 4.9 267 1.52 0.80 0.6 90.8 3.5 5.1
246 29' 1o™ 15+ 10" 2.7 D08 3.54 0.55 0.2 10.7 63.0 26.1
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Table B~8. [{continued)
Station Latitude Longitude Depth Md Percent
No. 40°N 74°u {m) {mm) Sa Sk Gravel Sand Silt Clay
247 29 10" 15 37" 1.8 .010 1.78 1.00 1.8 6.8 75.4 16.0
248 29' p4a" 15 49" 1.7 .007 4,41 0.37 0.2 8.0 60.0 31.8
249 28' 1g" 03 o7 8.2 033 4.96 0,48 0.1 40,2 42.3 17.4
250 30" oo" 03' og” .179 L1.34 0.99 5.7 86.4 2.6 5.3
251 320 is" g2' 49" 6.7 .032 7.02 2.12 17.6 24.1 42.5 15.8
252 34" 25" Q3" 22" 4.0 .250 1.61 0.88 0.7 91.7 3.4 4.2
253 321 437" 06' 08" 2.1 .583 2.65 2.01 26.2 69.0 1.1 3.7
254 31 32t 06' 13" 5.8 .11¢ 2.36 0.72 2.0 70.5 18.2 9.2
255 30" o5" 06" 11" 7.9 172 2.43 0.83 6.8 73.8 11.7 7.5
256 29' 05" 13 42" 5.5 . 008 3.19 0.37 0.2 2.6 8.1 29.1
257 z8' 55" 14 21" 4.9 -006 3.85 0.38 0.4 5.8 62.7 31.1
258 28' 54" 14" 46" 4.1 .008 2.18 0.62 0.4 3.3 73.7 22.6
259 29°' oo" 14' 58" 4.3 .006 5.73 0,44 0.8 14,2 49,0 36.0
260 29' 41" 15" 25" 12.2 .107 g.32 0.19 5.3 47.9 27.9 18.9
261 ot 08" 15 33¢ 11.3 .005 5.41 0.61 n.2 16.1 49.7 34.0
262 30' 34" 15" 29" 11.9 .003 6.40 0.85 4.4 14.9 39.8 40.9
263 2g' 23 12+ 34» 4.0 020 4.30 1.12 7.7 25.3 45.6 21.4
264 2g* 571" 11" 517 6.4 .0Q9 3.35 0.47 1.7 10.9 61.9 25.5
265 29" 14" lp' 34" 7.0 007 3.78 0.35 1.6 5.5 62.6 30,3
266 28' 45" og' 4p" 5.8 014 5.70 0.40 1.4 24.1 47.6 26.9
267 28" gz a5' 55" 7.9 .008 2.76 0.51 0.6 5.3 69,3 24.8
268 29' 46" 16" 29" 3.0 .096 4,24 0.24 10.3 47.%9 31.1 10.7
282 29' 44" lg' 43" 4.3 .00s 4.43 0.31 0.4 5.9 57.5 36.2
283 29' 25" l6' 06" 3.0 .008 3.72 0.41 0.3 8.0 63.7 28.0
284 28' 45" 15 17" 3.4 .004 4,43 0.41 0.6 3.4 56.6 39.4
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Takle B=9%.

Size Analyses Offshore Samples-Raritan Estuary

Petersen Grab Samples

Federal Water Pollution Control Administration

Sampling Date:

July-August 1963

Station Latitude Longitude Ma Percent
NG. 40°N 74°W {mm) 5o Gravel Sand S5ilt Clay
1 30" 14" 09' 52" .022 2,23 5.5 18.6 75.6 0.5
2 300 27" 08’ 38" .230 1.48 6.2 80.5 11.4 1.2
3 301 41" 07' 21" . 440 1.54 4.0 93.8 2.2%
4 30' 54" 06' 06" . 260 1.25 4,2 92.3 2.4 0.2
5 32' 03" 05 17" L3758 1.67 5,2 26.9 3.9
5 320 17" 04 os” 580 1.20 1.8 95.9 2.3 -
7 32+ 30" 02' 43" L220 1.32 3.4 92,2 0.3
9 31+ 45" oL' 13" .270 1.28 0.1 99,9 0.2
10 210 32¢ 02" 27" . 430 1.23 - 100.1 0.8
12 29 37" oLt 52" .520 1.32 0.1 99,7 0.2
13 zZ8* 39" ol 34" . 240 1,17 12,3 87.4 0.2
14 27 42¢ 01" 17" .0l12 4,31 6.8 23.4 66.3 3.5
15 26" 44" 06' 59" .013 2,09 4.5 10.2 84.6 0.9
16 26" 307 02’ 19" 009 1.45 2.4 8.5 79.2 12.1
17 28 25" p2' 54" .015 2.68 5.6 19.9 73.2 1.1
18 29 23" g3' 11° L130 3.49 19.8 41.5 38.5 0.2
19 30' 20" 03’ 28" . 240 1.23 8.2 90.8 1.0
20 31t 18" 03' 45" .220 1.37 9.9 76.0 14.0 0.1
z1 31' 04" 05' 02" .500 1.28 4.4 92.5 .4
22 30t 07" 04" 44" .250 1.27 6.3 92.2 .1
23 29" 10" 041 27" .066 2.86 1L.7 19.9 64.2 4.3
24 280 12" 04' 10" .180 1.79 17.5 52.7 29.5 0.
25 28' 58" 05' 32" .013 1.84 1.0 6.5 B6.5 1.
26 291 56" ns' 49" .230 1.96 14.2 74.2 11.2 0.5
27 20" 44" 07' 05" .050 2.74 11.7 30.9 55.8 1
28 291 21" 08" 20" .250  10.00 28.9 37.1 33.7 0.4
29 29" 18" 09" 36" .0lo 3,43 4.3 21.8 72.8 1
30 30" 22" 11" 18" .01l 1.70 0.5 8.4 89.8 1.
32 291 28" 141 45" L027 - 1.1 40.7 58.0
33 29 29" 15 g2" .620 2.18 19.5 6§7.7 12.8
39 330 14" 04’ 20"  .680  1.58 4.0 90.8 5.0
44 30! 02" 11' 10" .640 1.76 15.4 73.8 10.4 0.4
45 291 p5” 10' 53" 1.500 1.62 6.8 90.6 2.7
46 287 21" n9' 20" .290 2.49 6.0 80.9 13.1
47 28" 34" 08" 04" .500 1.40 7.7 950.5 1.8
48 28" 45" 06" 54" L011 1.74 6.8 12.3 79.8 0.
49 28" 02" 05°' 14" .013 3.10 5.0 20.7 70.8 3.6
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Table B-%. (continued)
Station Latitude Longitude Ma Percent
No. 40°N 74°W (mm) go Gravel Sand Silt clay
51 27" 0s" 04' 56" .260 1.18 2.7 93.3 3.9
52 27" 49" ge' 30" . 350 1.29 3.2 35.4 2.3 .
53 27" 25" 09' 03" . 340 1.54 0.6 94.8 3.6
54 28 o7 10 35" . 360 1.83 9.3 72.6 18,3 .
55 27 57" L1' 45" .110 28,40 31.3 26.8 40.4 1.5
56 28" 54" rz2' oo" .047 5.50 22.9 16.2 60,1
57 29" 52" 12" 1¢” .038 2,32 14.2 12.3 74.0 1.1
58 28" 38" 13 30" .030 —-——— 7.0 18.0 75.0
59 270 41" 13* 11" .086 —-—= 12.6 46.6 40.8
60 28 27" 14" 46" .0638 -—- 16.7 35.5 47.8
61 29 o7" 14" 55" -—= - 0.3 10.9 88.9
62 29' 23" ls' 10" -— -— 0.1 4.4 85.7
463 29" 49" 16' 59" 220 5.50 18.5 158.1 63.2
‘Note: Gravel > 4.000 mm
Sand 4,000 - 0.062 mm
S5ilt 0.062 -~ 0.004 mm
Clay < 0.004 mm

*percent silt and clay
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Table B-10. 8ize Distribution in Percent by Mass
Petersen Grab Samples
Oyster Research Laboratory, Rutgers University

Sampling Date: 21 July-6 August 1958

Percent By Mass

GRAVEL SAND SILT CLAY

Size
in mm >2 -2 .5-1 ,25-.5 .25-.1 ,05=-.1 .02-.05 .005-.,02 .005-.002 <,(02

Station
101 0.1 0.1 7.9 79.5 8.8 0.4 0.1 0.1 1.6
1o2 5.2 46.1 25.8 3. 2.8 4.2 4.6 .4
103 8.2 79.4 8.6 0.9 0.2 0.1 0.3 1.4
104 1.0 2.0 5.6 g 16.7 24.3 15.0 24.7
105 0.8 1.0 2.4 8.2 8.2 12.0 56.1 5.5 4.4
106 0.9 0.9 2.1 0.7 7.1 41.5 21.0 24,8
107 1.2 1.4 6.8 9.5 21,3 46.2 6.5 4.6
log 2.2 5.8 4.8 4.9 10.1 54.8 12.2 4.0
109 0.3 0.4 0.7 1.4 9.4 40,8 33.3 13.1
110 1.8 1.5 5.1 8.1 14.2 57.0 3.1 5.9
111 0.5 1.9 1.0 0.8 2.6 5.2 15.0 35.1 23.7 14,2
112 2.8 6.7 10.5 1.6 15.1 43,2 4.6 6.2
113 2.0 2.0 3.3 2.6 15.2 22.0 39.3 8.5
114 3.7 2.9 7.4 8.4 13.0 36.1 17.8 5.1
115 0.8 6.3 13.0 22,3 24.6 8.7 9.3 6.6 6.8
116 18.4 26.8 22.4 6.5 4.1 2.4 1.3 3.1
117 0.5 0.3 G.5 0.6 13.9 41.4 17.3 9.5 8.6 7.4
118 4.3 4.3 5.1 3.3 6.5 16.4 14,7 34.9 6.7 3.8
122 23.6 49.1 6.0 0.6 1.2 2.0 1.5 4.7
123 1.4 13.1 29.3 4.5 5.7 30.3 l0.7 4.3
126 0.6 0.8 4.5 5.5 12.2 27.8 20.9 27.1
127 0.2 0 0.4 1.5 6.6 5.8 9.8 33.2 23.7 18.6
1248 3.1 2, 2.9 6.5 23.3 13.1 9.1 15.8 9.3 14.7
129 0.4 0.6 0.7 0.9 3.4 6.6 14,3 28.6 22.13 22.2
130 0.1 o0 0.3 0.6 4.8 1.1 11.9 47.1 28.3 6.5
131 2.1 1 l.6 4.4 26.6 10.8 7.2 16.1 7.9 22.1
132 0.2 0.1 0.1 0.2 2.1 4.8 11.4 31.5 2.4 28.2
133 1.0 1 0.6 0.9 4.4 4.6 9.8 32,9 30.0 14.¢6
134 3.2 3,7 2.5 1.4 4.9 1.7 4.1 31.6 22.9 4.0
135 0.4 1.6 1.0 0.7 6.1 13.9 22.8 22.2 12.2 19.1
136 14.0 9.1 20.8 35.5 11.0 0.6 1.1 2.4 1.4 4.1
137 0.2 0 0.4 0.9 2.9 6.6 16.6 29.1 16.4 26.6
138 0.7 1 0.7 0.6 3.7 7.4 21.7 25.2 16.8 22,1
139 5.1 2 14.0 4B.5 18.7 2.2 2.4 1.4 1.3 3.9
140 12.1 6.8 1l0.2 11.9 49.6 l.6 0.8 l.6 1.2 4.2
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Table B-10. (continued)

GRAVEL SAND CLAY
Size
in mm _>2 1-2 .5 1 .25-.5 .25-,1 ,05-.1 .02-.05 .005-.02 .005-.002 <.002

Station

141 1.2 4.6 13.4 50.2 26.3 0.3 0.1 0.3 0.9 2.7
142 9.6 1.8 7.6 2L.0 25.8 3.8 4.4 8.1 6.7 11,2
143 0.5 1.1 1.8 5.9 2.3 0.5 6.9 31.1 18.5 31.5
144 0.1 0.4 c.8 4.0 6.7 9.0 13.5 23.3 15.7 26.5
145 0.0 0.2 0.2 0.3 0.9 1.1 9.7 43.6 25.8 18.2
146 5.4 6.3 7.1 17.0 12,2 9.2 10.9 8.3 7.4 16.2
147 0.8 0.2 0.2 0.3 1.8 3.5 14.5 52.1 17.0 9.8
148 4.8 0.2 0.3 0.4 1,1 2.0 5.2 44.4 17.1 28.4
149 0.6 0.4 0.4 0.7 1.8 4.1 12.9 34.9 24.8 19.4
150 1.7 0.5 1.0 2.2 2.6 1.9 10.4 25.0 16.3 34.4
151 0.9 1.2 2.5 B.1 18.1 4.6 20.4 11.3 113. 21l.6
152 1,1 2.8 5.5 8.9 12.0 3.9 9.3 17.4 12.1 27.0
153 3.6 2.4 5.0 73.6 10.8 0.3 0.2 0.6 0.8 3.7
154 1.1 2.3 4.5 8.4 11.2 5.6 17.8 18.9 25.6 9.6
155 6.2 1.3 3.1 44,1 12.3 0.1 3.4 lo.8 10.5 8.2
156 0.4 0.5 0.7 0.8 3.3 10.1 22.5 28,7 1¢.5 22.5
157 0.2 0.3 0.5 0.4 3.6 9.2 20.8 29.1 15.2 20.7
158 0.0 0.1 0.2 0.2 2.1 7.4 17.7 32.8 16.3 23,2
159 0.1 0.1 0.1 0.2 1.6 5.8 le.1 33.8 23.9 18.3
160 0.1 0.2 0.2 0.2 0.9 1.5 10.2 47.6 28.4 10.7
16l 0.1 0.4 0.4 0.3 1.9 4.6 15.9 51.5 17,2 7.7
le2 a.6 1.7 2.9 2.5 4.0 1.7 11.5 32.8 18.3 24.0
162 0.4 1.1 1.7 1.8 6.2 9.8 19.0 24.1 14.7 21.2
le4 0.3 0.6 l.0 1.0 3.0 5.8 15.8 28.86 15.4 28.5
185 0.2 0.6 1.0 1.1 3.2 6.0 13.8 28,1 18.9 27.1
166 1.0 1.8 4.9 7.8 33.1 27,2 18.4 1.2 2.6 2.0
172 1.0 1.1 1.4 2.2 24,7 33.1 14.5 9.4 5.9 6.7
173 24.6 4.7 10.2 32,4 15.5 7.1 2.1 2.3 0.9 0.2
174 4,1 2.0 3.7 3.5 36.8 21.9 8.2 4.8 4.0 5.0
175 0.1 0.9 2.8 12,2 53.4 3.8 17.8 3.9 2.8 2.1
176 1.0 0.5 0.5 19.6 73.6 0.9 0.6 2,2 0.8 0.3



Takle B-10. {continued)

GRAVEL SAND SILT CLAY

Size
in mm »2 1-2 .5-1 .25-.5 .25-.1 ,05-.1 .02-.05 .005-.02 ,005-.002 <.002

Station
177 n.4 0.5 5.2 55.3 27.3 6.4 0.4 0.3 0.9 3.3
178 0.5 0.4 0.4 0.8 44.3 10,5 2.8 13,1 12.1 15.1
173 0.3 0.9 1.2 1.5 12.3 11.5 10.2 3z2.1 26.0 4.0
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Table B-11. Size Distribution in Percent by Mass
Peterzen Grab Samples
Oyster Research Laboratory, Rutgers University

Sampling Date: 3-20 July 1959

GRAVEL SAND SILT CLAY

S5ize
in mm _>2  1-2 ,5-1 .25-.5 .25-.1 .05-.1 .02-.05 .Q05-.02 .005-.002 <«.C02

Station
210 0.0 0.6 5.4 76.1 12.7 0.6 0.0 D.6 0.4 3.6
211 6.7 . 7.8 46.8 23.5 1.8 0.3 2.6 1.1 8.2
212 0.4 1.3 10.4 79.8 3.5 0.8 0.3 0.2 0.0 3.3
213 0.6 0.4 0.8 3.0 6.5 13.4 21.4 22.3 29.8
214 1.1 . B 1.3 1.3 1.7 1 21.8 20.9 12.9 33.1
215 4.4 2.7 2.7 5.0 11.8 5.2 9.9 36.6 6.4 15.3
216 0.6 .3 0.1 0.9 5.3 9.4 10.6 48.1 4.8 19.9
217 2.8 3.8 £.4 8.9 4.3 13.1 17.4 10.3 30.9
218 5.6 3.7 4,3 4.2 5.5 0.2 6.3 21.1 12,5 36.6
219 4.8 1.3 1.2 1.3 3.0 . le.1 28.8 5.8 28.1
220 2.2 0.2 0.2 0.2 1.1 4,1 10.4 31.7 12.9 37.0
221 1.9 1.9 3.2 52.5 15,7 2.7 3.8 5.2 3.0 10.3
222 5.4 3.0 11.8 52,1 9.4 0.6 0.6 4.0 3.6 3.5
223 2.2 1.1 2.0 4.5 9.0 3.6 6.6 42.2 5.9 22.9
224 n.2 0.4 0.4 0.4 1.1 3.3 28,0 41.7 5.9 18.6
225 0.6 0.5 0.6 1,1 4.1 8.0 15.1 41.9 8.4 3.7
226 1.1 Q.5 1.6 5.9 22.2 2.6 27.2 12.5 7.4 18,0
227 l.6 0.3 0.3 0.5 4.3 4.2 11.5 46,3 5.8 25.2
228 0.2 1.0 1.0 0.5 0.7 3.4 11.8 62,7 4.6 14,1
229 0.2 0.2 0.2 0.2 1.1 1.7 B.1 56.2 8.1 24.0
230 16.3 6.7 7.4 6.7 5.3 3.6 6.2 14.5 9.5 13.4
231 1.4 1.2 0.9 0.7 1.2 0.9 10.4 66.1 3.4 13.8
232 1.4 1.2 0.9 0.7 1.2 0.9 10.4 66.1 3.4 13.8
213 0.6 0.3 0.3 0.3 1.0 2.8 25.5 36.5 8.9 23,8
234 2.5 1.4 1.7 1.3 2.2 6.8 32.1 24,0 9.4 18.6
235 1.0 0.4 0.6 1.3 34.4 29.9 10.2 5.9 4.0 12.3
234 13.6 12.6 25.0 18.6 17.8 4.6 0.7 2.2 1.2 3,9
237 1.7 0.5 0.% 0.8 21.7 40.3 16.0 5.1 2.5 10.9
238 8.4 3.0 2.4 1.6 7.0 18.2 18.1 16.2 5.2 19,9
239 9.1 1.6 1.5 1.1 3.6 7.7 14,2 41.7 5.4 14.1
240 27.5 9.5 20.5 32.8 3.8 0.0 0.0 1.2 0.7 4.0
241 0.3 0.4 D.6 1.4 4.9 8.5 17.4 40.2 7.1 19.2
242 1.7 0.8 0.9 0.8 2.8 5.1 10.0 60.9 4.9 12.1
243 8.2 5.6 20.7 42,3 15.%9 ¢.8 D.5 0.5 1.4 4.1
244 25.6 4.9 5.4 10.7 46.6 1.8 0.1 0.8 0.4 3.7
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Size
in mm

Station

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
271
272
273
274
275
277
278
279
280
281
282
283
284

Table B-1l. (continued)

GRAVEL SAND CLAY
=2 1-2 .,5-1 ,25-.5 .25-.1 .05-.1 .02-.05 .005-.02 ,005-.002 <.002
0.6 0.5 2.3 51.8 33,6 2.6 0.3 1.9 1.3 5.1
0.2 0.2 0.2 0.8 .6 5.9 15.8 36.9 10.3 26.1
1.8 0.7 1.1 1.1 -3 2.6 11.1 58.0 6.3 16.0
6.2 0.2 0.2 0.2 .4 5.0 14,8 35.1 10.1 3.8
9.1 0.1 0.3 0.8 33.9 5.1 22.4 11.7 8.2 17.4
5.7 1.2 1.0 14,3 69.1 0.8 0.0 0.9 1.7 5.3

7.6 3.9 2.5 2.1 13.5 2,1 18.2 18.9 5.4 15.8
0.7 1.9 8.0 39.4 37.6 4.8 2.0 0.9 0.5 4,2
26,2 9.8 18.90 30.0 10.8 0.4 0.1 0.5 0.5 3.7
2.0 1.7 5.6 12,3 32.4 18.5 10.0 4.5 3.7 3.3
6.8 2.5 7.4 22,7 26.0 15.0 5.6 3.6 2.5 7.9
0.2 0.2 0.2 0.2 0.2 1.8 9.6 47.0 11.5 29.1
0.4 0.2 0.2 0.2 1.0 4,2 11.9 38.4 12.4 31.1
0.4 0.2 0.2 0.2 0.7 2.0 3.0 58.4 6.3 22.6
0.8 0.4 0.7 2.6 5.6 4.9 11.8 26.5 10.7 36.0
5.3 4.2 12.4 19.2 2.7 2.4 5.9 16.2 5.8 18.9
0.2 0.6 0.6 1.1 6.5 7.3 10.6 24.8 14.3 34.0
4.4 @.6 1.6 6.7 4.3 1.7 6.0 17.7 16.1 40.9
7.7 2.7 3.4 3.4 6.5 9.3 16.7 25.2 3.7 21.4
1.7 1.1 1.2 1.1 2.8 4,7 13.1 42,9 5.9 25.5
1.6 0.7 0.5 .5 1.8 2.0 11.5 41.8 9.3 0.3
1.4 0.5 1.8 1.1 10.1 10.6 16.4 30.4 0.8 26.9
0.6 0.6 0.4 0.6 1.1 2.6 11,8 49.6 7.9 24.8
1lp.3 2.1 2.7 4.0 30.4 8.7 5.8 22.9 2.4 10.7
22.6 9.7 10.6 8.7 2.9 9.1 14,2 8.0 3.6 10.6
8.1 0.4 0.4 0.6 2.3 0.8 7.4 30.4 14.7 34.9
2.5 6.0 16.3 3l.2 6.2 3.4 3.7 8.0 6.1 16.6
92.0 3.1 1.1 1.0 0.0 0,0 0.0 0.0 0.2 2.6
0.2 0.3 6.5 56.8 24.7 1.5 1.1 3.5 0.9 4.5
3.6 4.6 21.0 58.2 7.4 0.2 0.2 0.5 1.0 3.3
0.5 0.1 0.5 29.4 54.5 1.6 1.1 2.8 2.9 6.6
0.2 0.2 0.2 0.2 1.2 2.0 9.8 33.3 l6.0 36.9
1.6 0.7 2.1 12.7 6.9 0.2 5.9 51.0 0.5 8.4
3.6 0.3 0.5 0.8 3.8 5.0 26.2 26.9 8.8 24.1
0.4 0.2 0.4 0.4 2.2 2.7 1l0.2 35.5 11.8 36.2
0.3 ¢.3 0,5 0.6 2.0 4.6 15.5 40,2 8.0 28.0
0.6 0.1 0.1 0.1 1.1 2.0 9.4 32.1 15.1 39.4
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Table B-12. Size Distribution in Percent by Mass
Petersen Grab Samples
Federal Water Pollution Control Administration

Sampling Date: July-August 1963

GRAVEL SAND SILT CLAY
Station Wt % Wt % Wt % Wt % Wt % Wt 3 Wt % Wt %
No. >4,000 4.000-.840 .B40-.420 .420~-.149 .149-.062 ,062-.016 .016-.004 <.004
1 5.5 2.5 0.9 3.1 12.1 35.2 40. 4 0.5
P 6.2 3.4 0.4 57.8 9.9 10.8 0.6 1.2
3 4.0 5.8 43.2 43,8 1.0 2.2 <0.062
4 4.2 1.9 10.3 77.8 2.3 1.9 0.5 0.2
5 9.2 9,2 26.2 14,8 6.7 3.9 <0.062
6 1.8 6.2 73.5 13.7 2.5 1.9 0.4 -
7 3.4 1.4 ¢.6 74.6 15.6 3.7 0.5 g.3
el 0.1 0.5 7.1 92,2 0.1 -—— - -
10 -— 0.7 56.6 42.8 --- -— -—- -
12 0.1 1.4 70.5 27.7 0.1 -——— -— -——
13 12.3 1.1 1.4 84.8 0.1 -—— —-— -——=
14 6.8 1.2 0.7 13.4 §8,1 13.9 52.4 3.5
15 4.5 2.6 1.2 3.8 2.6 28.7 55.9 0.9
16 2.4 1.8 1.7 4.1 0.9 12.0 77.2 12,1
17 5.6 2.2 0.8 10.8 6.1 21.2 52.0 1.1
18 19.8 4.8 1.4 20.6 14.9 32.8 5.7 0.2
13 8.2 1.6 0.7 87.7 0.8 1.0 <0.062
20 9.9 4.6 2.5 62.2 6.7 13.2 0.8 0.1
21 4.4 3.3 64.1 22.8 2.3 3.4 <0.062
22 6.3 1.9 3.4 78.9 8.0 2.1 <0.062
23 11.7 2.3 1.2 12.7 3.7 49.6 14.6 4.3
24 17.5 1.6 1.3 41.5 8.3 29.0 0.5 0.2
25 1.0 1.3 0.4 2.1 2.7 34.7 51.8 1.1
26 14.2 6.3 8.3 45.4 14.2 10.4 0.8 0.5
27 11.7 4.1 2.5 9.7 14.6 £3.8 2.0 1.4
28 28.9 6.7 13.0 15.3 2.1 32.5 1.2 0.4
29 4.3 1.5 1.6 7.9 10.8 10.9 6l.9 1.9
30 0.5 0.2 0.2 1.8 6.2 20,1 69.7 1.3
32 1.1 4.0 15.0 * 21.7 58.3 <0.062
33 19.5 14.5 38.9 * 14.3 12.8 <0.062
39 4.0 32.7 46.8 8.8 2.5 5.0 <0.062
44 15.4 18.1 41.2 10.8 3.7 9.9 0.5 0.4
45 6.8 74.9 12.7 * 3.0 2.7 <0.062
48 6.0 7.6 26.6 * 46.7 13.1 <0.062
47 7.7 4.8 54.2 30.8 0.7 1.8 <0.062
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Table B-

12. {(continued)

GRAVEL SAND SILT CLAY
Station Wt %
No ., >4,000 4.000-.840 .B40-.420 .420-.149%9 .149-.062 .062-.0l6 .016-.004 <.004
48 6.8 4.5 l.0 2.9 3.9 13,2 67.6 0.5
49 5.0 1.8 1.0 13.8 4.1 15.¢6 55.2 3.4
51 2.7 2. 8.6 81.5 0.8 2.9 1.0
52 3.2 4, 25.7 64.8 0.1 1.5 0.8 0.2
53 0.6 1.0 47.6 40.5 5.7 3.6 <0.062
54 9.3 .9 27,1 35.1 4.5 17.7 0.6 0.1
55 31.3 .9 3.2 6.2 11.5 9.9 30.5 1.5
56 22.9 2.4 1.3 * 12.5 60,1 <0.062
57 14.2 4.8 1.5 1.5 4.5 7.8 66.2 1.1
58 7.0 4.7 2.4 * 11.0 75.0 <0.062
59 12.6 6.4 * 31.5 40.8 «0.062
&0 16.7 2.8 * 29.1 47.8 <0.062
61 0.3 3.7 * 5.5 8B.9 <0.062
62 0.1 0.3 0.4 * 3.7 85,7 <0.062
AH Spec 9.0 7.9 41.4 4.2 6.9 28.1 0.7
463 18.5 4.8 3.1 * 10.2 63.2 <0.062

*420 - 62 p range measured together
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Table B-13. Size Analyses Beach Samples-Sandy Hook

Beach Erosion Board, U.S. Army, Corps of Engineers

Sample Latitude Longi tude Md
No. {N) {%W) {m) Remarks
g 40¢28.5"' 74°01,1" 0.37 Sampled; June - August 1929
13 4p°28.4" 74°00.7" 2.08 Sample locaticon: between high
water and low water from beach
15 40°28.1" 73°59.9" 0.45 surface to depth of 1 = 2 feet.
31 40°27.8' 73¢59.8" 0.48 Sampled: August 1932
32 40°27, 3! 73°59.5" 0.54 Sample locatien: high water to
low water zone from beach surface
33 40°25.7" 73°58.9" 0.38 to depth of 2 inches.
1 40°28.6" 74°01.0"' 0.66 Sampled: June - July 1935
2 40°238.4" 74°00.6" 1.41 Sample location: mid-tide zone
from beach surface to depth of
4 40°27.7" 73°59.7" 2,72 2 - 2 inches,
5 40°27.4" 73°59.5" 2.78
& 40°27.0" 73°59.3" 0.32
7 40°26.4" 73°58.9° 0.49%
8 40°26.0°" 13°58.9" 1.33
10 40°25.1" £3°58,8" 4.05
11 40°24.6" 73°58,8" 2.186
12 40°24,2" 73°58.7" 0.82
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Table B-14., Size Analyses Beach Samples-Sandy Hook
Robert L. McMaster
Sampling Date: *June 1950

Sampling location: seeé note

Sample Latitude Longitude Md
No. (N) (W) {mm) ®s
5 10°28.6" 74°00.0" 0.47 1.31
& 40°28. 4" 74°00.6" 0,38 1.21
7 49°28,2"' 74°00.0" 0.46 1.28
8 40°27.4! 73°59.5" 0,30 1.23
9 40°26.6" 73°59.1" 0.33 1.28
10 40°25.7" 73°58.9"' 0.44 1.32
11 40°24.8" 73°58.9"' 0.30 1.32
12 40°24.0" 73°58.6" 0.29 1.24

Note: Samples collected from most recent high water line from
beach surface to a depth of € inches after approximately one-
half of surface material scraped away. At each sampling site
4 samples were taken 15 feet apart along the high water line

and made into a composite sample.

*Sample Neo. 12 collected October 1950,
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Rangc

No.

Table B-15.

[Sample:

Sample

No.

Sl

s1

S1

51

sl

sl

sl

52

52

52

52

s2

52

52

Size Analyses Beach Samples-Sandy Hook

U.5. Army Engineer District-New York

sampling Date: June-August 19533

beach surface to approximate depth of 8 cm (3 in)]

Latitude Longitude
(1} {W)

Sample Location: High Water Line

40°28.7" 74°00.8"
40°28.2" 74°00.0"
40°27.6" 73°59.86"
40°26.9" 73°5%.,1"
40°26. 2" 73°58.9°
40°25.6" 73°58.9"
40°24.8" 73°58.8"

Sample Location: Low Water Line

40°28.7" 74°00.8"
4p0°28.2" 73°59.9°
40°27.6" 73°59.6"'
40°26.9"' 73°59.1'
40°26.3" 73°58.8"
40°25.6" 73°58.9°
40°24.8" 73°58.7°7

111

0.75

i
o




Table B-1l6. Size Analyses Offshore Samples-Sandy Hook
Beach Ercsion Board, U.S. Army Corps of Engineers

Sampling Date: June 1929

Sample Latitude Longitude Depth Md Distance Offshore
No. (N} (W) _{m) {mm) {m}
27 40°28.,5" 74°01.5" 1.8 0.70 -
28 40°28.56" 74°01.2" 6.1 g.36 46
29 40°28.7!' 74°00.9" 6.1 0,42 15
30 40°28.5" 74°00.6° 3.0 0.46 46
31 4p°27.3" 73°5%.3" 1.8 0.41 61
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Sample

No.

0-23

Table B-17. Size Analyses Offshore Samples-Sandy Hook
Rebert L. McMaster

Sampling Date: 1950

Latitude Longitude Depth Mad

(N) W) {m) {mm) 5o
40°29,3"' 74°¢0l.0" 7.9 0.378 1.37
40°30.8" 74°00.8" 2.7 0.508 1.42
40°28.5%" 73°58.9° 6.1 0.347 1.23
40°29.0° 73°55.8" 13.7 0.389 1.17

Description of samples

Dark yellow brown guartz sand with varying amounts of shell,
glauconite, and rock fragments; grains oil stained.

Same as for B-1l.

Yellewish gray quartz sand with varying amounts of shell and
glauconite; grains oil stained.

Dark yellow brown guartz sand with abundant glauconite; grains

o0il stained.




Table B-18. GSize Analyses Cffshore Samples-Sandy Hook
U.S. Army Engineer Distriect, New York

Sampling Date: Summer 1953

Range Sample Latitude Longitude Depth Md
No. _ No. (N) (W) (m (rum) 5o .
1 53 4p°28, 7" 74°00.8" 2.2 0.37 1.22 0.86
1 54 40°28.7"' 74°00.7" 10.9 .44 1.14 1.01
1 55 40°28.9" 74°00.77 14.7 0.40 1.11 0.89
1 56 40°29.0° 74°00.6" 15.2 0.42 1.21 1.086
2 S3 40°28.3° 73°59.9° 0.9 0,28 1.15 ¢.98
2 54 40°28.4° 73°59.8"' 8.6 0.36 1.24 0.93
2 85 40°28.5°" 73°59.5" 3.7 0.42 1.24 1.07
2 56 40°28.7"' 73°59.3" 9.1 0.44 l.19% 1.18
3 53 40°27.6" 73°59,5! 1.8 0.20 1.28 0.94
3 54 40°28.0" 73°58.7" 6.4 0.23 1.45 1.16
3 55 40°28.5" 73°57.17" 6.9 0.85 1.75 1.15
3 S6 40°29.0°" 73°56.7! B.4 0.63 1.43 1.00
4 83 40°26.9" 73°59.0°" 1.8 ¢.20 1.27 1.04
4 S4 40°27.2" 73°58.0" 6.0 0.23 1.43 1.13
4 55 40°27.5" 73°57.1" 6.4 l.04 1.47 1.50
4 56 40°27. 7! 73°56.5" 8.8 0.75 .41 1.04
5 S3 40°26.3" 73°58.8"' 1.8 0.42 1.41 1.0%
5 54 40°26. 3" 73°58.4" 8.5 0.23 1.11 1.03
5 S5 40°26.4" 73°57,7" 6.7 0.26 1.16 0.98
5 56 40°26.5" 73°57.1" 9.0 0.42 1.25 1,02
& S3 40°25.0" 73°58.8" 1.8 0.36 1.41 1,10
6 5S4 40°25.0" 73°58.5" 7.7 0.22 1.12 1.03
6 S5 40°25.0" 73°57.5" 6.7 0.25 1.12 0.99
6 56 40°25.0" 73°57.0° 3.1 0.42 1.28 0.96
7 53 40°24.0" 73°58.7!" 1.7 .24 1.47 1.22
7 54 40°24,0° 73°58.7"' 3.4 0.22 1.12 1.03
7 55 40°24.0" 73°58,4" 5.5 0,42 1.24 1.12
7 56 40°24,0" 73°57.1" 9.1 0,46 1.24 0.94
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Range

452
493
194
496
487
497
500
501
506
506
510
512
516

506
506
510
512
516

»ow

o P om oM P P

o o owm

Table B-19.

Year

1935
1935
1835
1935
1235
1935
1335
1935
1932
1932
1932
1932
1932

1832
1932
1932
1932
1932

Beach Erosion Board, U.S. Army, Corps of Engineers

Sampling Date:

Md

{mm)

0.28
0.30
¢.32
0.3z
04.25
0.30
0.32
0.35
0.35
0,32
0.30
0.36
0.33

0.32
0.28
0D.28
0.26
0.27

Mid-Tide

1.37
1.48
1.31
1.31
1.22
1.27
1.29
1,41
1.25
1.20
1.25
1.70
1.21

1.15
0.91
0.95
0.96
1.00
1.09
1.03
1.05
1.27
0.98
0.99
0.95
0.95

Mean High Water

1.07%
1,22
1.11
1.33
1,20
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0.91
0.95
0.87
1.00
0.99

as indicated

J

}

Size Analyses Beach Samples-Rockaway Beach

Location

Jacob
Jacob
Jacob
Jacob
Jacob
Jacob
Jacob

Jacob

Midway between Jacob Riis

Park and Rockaway Point

Riis
RissS
Riis
Riis
Riis
Riis
Riis
Riis

Park
Park
Park
Park
Park
Park
Park
Park

Rockaway Peoint

Rockaway Point

Rockaway Point

Midway between Jacob Riis

Park and Rockaway Point

Rockaway Point

Rockaway Point

Rockaway Peoint



Table B-20. Size Analyses Bottom Samples-East Bank
Shipek Grab Samples
Woodward-Clyde Consultants for

U.S. Army Corps of Engineers, New York District

Station Md 19-4.5% 4.9-2.0 2,0-0.43 0.43-0.076 <0.076
No. {mm} 5o {mm) {mm) {mm) {mm) {mm)
1 0.20 1.13 10.3 5.1 11.6 7.5 1.5
2 0.19 1.66 0.0 0.0 2.1 96.0 1.9
3 0.24 1.12 0.0 0.2 7.5 90.0 2.3
4 0.18 1.05 0.0 0.0 c.4 97,7 1.9
5 0.70 1.86 8.6 11.5 53.7 25,2 1.0
6 0.80 1.47 3.3 4.3 83.4 8.0 1.0
7 0.32 1.38 1.6 0.8 25,0 70.6 1.4
8 0.37 1.24 2.8 0.5 27.1 67.3 2.3
9 0.22 1.20 0.0 0.5 6.8 89.7 3.0
10 0.15 1,34 0.0 0.0 0.8 83.0 16.2
11 0.17 1.29 0.0 0.0 0.4 93.9 5.7
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Table B-21.

Petersen Grak Samples

Oyster Research Laboratory, Rutgers University

Size Analyses Bottom Samples-Raritan River

Station Latitude Leongitude Depth M4 Percent
No. 10°N 74°0 (m) {mm) So Sk Gravel Sand S5ilt Clay
Sampling Date: July - August 1958
122 29" 05" 20" 3s" 5.0 .403 1.51 1.18 4.5 86.1 4.7 4.7
123 29t 32" 19" 41" 5.8 042 4.49 D.84 0.3 48.7 46.7 4.3
126 3p' 34" 18' 18" 3.5 .005 3.54 0.96 0.1 11.9 60.9 27.1
127 30" 31" 17' 48" 2.3 .007 2.71 1.12 0.2 14,5 66.7 16.6
128 30 30" 17 20" 7.9 .052 5.35 0.31 3.1 48.0 34.2 14.7
129 29* 54" 17 11" 3.2 .006 3.12 1.20 0.4 12,2 65.2 22.2
Sampling Date: July 1959
271 29 14" 25" 20" 5.2 . 284 8.33 0.50 22.6 41.0 25.8 10.6
272 29 33" 24" 51" 4.9 . 005 4,53 0.43 8.1 4.5 52.5 34.9
273 29 Q8" 23" 35" 6.4 .285 8.11 0.04 2.5 63.1 17.8 16.6
274 28" 427 22' 40" 3.4 -— -— - 92.0 5.2 0.2 2.6
276 28" 38" 21" 28" 4.9 .296 1.48 0.78 0.2 89.8 5.5 4.5
277 29 04" 20" 43" 6.1 . 389 1.38 1.11 3.6 91.4 1.7 3.3
278 29' 31" 19°' 43" 4.6 .184 1.50 1.01 0.5 86,1 6.8 6.6
280 30 28" 17' 20" 8.5 .016 4.18 5.42 1.6 32.¢6 57.4 8.4
281 29" 54" 17" 11" 2.7 012 3.80 0.47 3.6 10.4 61.9 24.1
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APPENDIX C

CRITERIA FOR ACCEPTABILITY OF NEW YORK HARBOR SANDS
Mortar Sand

N.Y. State Department of Transportation Specification 703-03 states:
When dry, mortar sand shall meet the following gradation reguirements:

Sieve Size % Passing by Mass
#4 16.00 mm 100
#8 2.83 mm 95-100

#50 .30 mm 10-40

#100 . 149 mm 0-15

In addition, aggregate must meet standards for organic impurities.

Grout Sand
N.Y. State Department of Transportation Specification 703-04 states:

When dry, grout sand shall meet the feollowing gradation requirements:

Sieve Size % Passing by Mass
#16 1.19 mm 100
#100 .149 mm o-10
#230 .062 mm 0-6

Since we did not use a #1l6 sieve, in the following table sand is
considered acceptable if greater than 99% passes the #18 (1 mm) sieve.
In addition, aggregate must meet standards for organic impurities.
Cushion Sand
N.Y. State Department of Transportation Specification 703~(06 states:

Material for cushion sand used for concrete block slope paving shall,
when dry, meet the following gradation requirements:

Sieve Size % Passing by Mass
Minimum Ma X imum
3/8 inch 100

k4 90 100
#8 75 100
#16 50 85
$#30 25 60
$#50 10 30
$#100 1 10
#200 3 3

Concrete sand must alsc meet reguirements for organic impurities.
Mineral Filler
N.Y. State Department of Transportation Specification 703-08 states:

Mineral filler used in bituminous concrete mixtures shall meet the
following gradation requirenents:

Sieve Size % Passing by Mass
#30 .59 mm 100

#80 .177 mm 85=-100
#200 .074 mm 65-100

Blasting Sand

There are 2 types of blasting sand: G-1 is fast cutting, while G-2 is slower on

the first pass. Gradation requirements are as follows:

Sieve Size % Retained by Mass
- G-1 )
$12 1.68 mm 0 A0-85
#16 1.19 mm 15-30 20-35
#20 .84 mm 20-30 0-10
¥30 .59 mm 25-35
$40 .42 mm 10-20
pan 0-10
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Reference: Analysis of Ambrose Channel Sands by the N.Y. State
Department of Public Works, Bureau of Materials.
This report was furnished by J. Marotta of the HN.Y.
State Office of General Services.

Fill Sand for Roadways

A. Select Subgrade: N.Y. State Department of Transportation Specification
203-2.01 states:

Select subgrade shall consist of any suitable material having no
particles greater than 6 inches in diameter.

B. Select Borrow and Select Fill
1. For underwater placement:

Sieve Size % Passing
4200 .074 mm 10

2. For above water placement:

Sieve Size % Passing
€ inches 100
2200 .074 mm 15

Filter Sand
American Water Works Association Standard B10Q for Filtering Materials states:

"Filter Sand shall consist of hard durable grains of material less
than 2.4 mm in greatest diameter."

Since we did not use a 2.4 mm sieve in our analysis, in the following table sand
is marked acceptable for filter sand if less than 2% was retained on the 2 mm (#10)} sieve.
Tor determining the acceptability and uniformity of filtration sand, "effective grain
size" and "uniformity" coefficients are used. The effective grain size is the 1lGth
percentile measured in mm:
Effective Grain Size = M

Myo
The uniformity coefficient is the 40th percentile divided by the effective grain

size:
Mmy g

u= Mm,
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APPENDIX D
ANNOTATED BIBLIQGRAPHY

The annotated bibliography is presented in alphabetical order
under each of the following headings: Regional Geology, Hydrology,
Biology, Sediment Sources, Sediment Characteristics, and Biblio-
graphies, An attempt has been made to include all publications that
are most pertinent to an evaluation of the sand and gravel resources
of New York Harbor. There are many additional publications, that
have not been included, which provide background information on this
area. The titles of most of these are contained in the bibliographies
listed in this report.

Items in guotations are taken directly from the abstract, intro-
duction, or summary of the paper or bcok. Other items are our
summaries of relevant portions of the article, or our comments on its
scope, accuracy, and usefulness.

Regional Gevleogy

LeGrand, H. E. 1961. Summary of geclogy of Atlantic Coastal Plain. Bull. American

Association of Petroleum Geologists, Vol. 45, No. 9, pp. 1557-1571.

"The emerged part of the Atlantic Coastal Plain is underlain
chiefly by Cretaceous and Tertiary sediments. In aggregate the
sediments thicken as a wedge toward the coast...Predominantly
marine sand and clay characterize the entire sedimentary seguence...
Common tendencies include: (1) downdip change in many formations
from coarse clastic te fine clastic to carbonate facies (2) downdip
thickening of beds, {3) downdip increase in number of beds, and
(4) decreasing porosity and permeability with depth in coastal areas.”

This is a useful general reference for those whe wish to know
more about the coastal plain sediments which underlie Lower Bay.

Minard, James P. 1969, Geology of the Sandy Hook Quadrangle in Monmouth County, New
Jersey. United States Geological Survey Bulletin 1276.

"The Sandy Hook area contains the thickest and most complete
section of Upper Cretaceous deposits in the Ccoastal Plain in New
Jersey...in ascending order the units are the Englishtown,
Marshalltown, and Wenonah Formations, Mount Laurel Sand, Navesink
Formation, Red Bank Sand, and Tinton Sand...The Upper Cretaceocus
...units consist chiefly of gquartz, glauconite, montmorillonite,
mixed-layer clay, kalonite, muscovite, chlorite, lignite, and
pyrite...The Cretaceous units strike generally northeast...beds
dip between 20 and 40 feet per mile southeast...Sandy Hook is a
classic illustration of an active compound recurved spit, which
has lengthened about 1,000 feet in the past gquarter century."”

The excellent discussion of Cretaceous sediments includes min-
eralogy and grain-size distribution of each fermation. Of even
greater value are the description of the deep anger borings taken
along the length of Sandy Hook. Based on these borings, the geo-
lecgical structure and stratigraphy has been determined along a
ncrth-south profile to a depth of 200 feet. This information
represents some of the most accurate data available on which to
base interpretation of seismic reflection survey data.

The paper also includes a brief discussion of the growth of
Sandy Hook supported by aerial photographs from 1940 and 1961.
Oliver, Jack E., and Charles L. Drake. 1951. Geophysical Investigations in the Emerged
and Submerged Atlantic Coastal Plain. Part VI: The Long Island Area, GSA Bull.,
Vol. 62, pp. 1287-1296.

The paper describes results of a seismic survey in the Long
Island area consisting of 12 reversed refraction profiles. A 200-
foot interval contour map of the crystalline rock surface is



presented. This surface is approximated by a plane dipping gently
south to southeast. Extrapolation of the contours indicates that
bedrock surface is approximately 1000 feet below sea level near
Sandy Hook., The mean sound velocity in the basement rocks is
18,400 feet/sec (5.6 km/sec). The authors identified two other
seismic horizons; one termed unconsolidated sediments having a mean
velocity of 5400 ft/sec (1.65 km/sec) and a second termed semi-
consolidated sediments with a mean velocity of 6500 ft/sec {2.0
km/sec). The latter was found only to the south and southeast of
Long Island.

Perlmutter, Nathaniel M,, and Theodore Arnow. 1953. Ground water in Bronx, New York,

and Richmond Counties with summary data on Kings and Queens Counties, New York City,

New York,

Bull. GW-32, State of New York Department of Conservation, Water Power

and Control Commission.

Sanders,

This report contains much geological information about Staten
Island and the Brooklyn area adjacent to Lower New York Harbor.
Included are geclogical structure and stratigraphic profiles, plus
a compilation of many well log descriptions. The data contained in
this report are very useful in interpreting seismic reflection
survey data, and correlating the sub-bottom stratigraphy and
structure in Lower New York Harbor.

John E. 1974. Geomorphology of the Hudson Estuary. In Hudson River Colloguium

{ed. O0.A. Reels), Annals N.Y. Academy of Sciences, Vol, 250.

"From just north of Bear Mountain to the Narrows, the Hudscn
Estuary flows in, across or along six major regional morphclogical
provinces of features. From north to south these are: (1) the
Great Valley of the Appalachians, (2) the New Jersey-Hudson High-
lands, (3) the Manhattan Prong of the Wew England Upland, (4) the
Newark Lowland (which is rimmed at its northeast end by the
Palisades Ridge), (5) the Atlantic Coastal Plain, and (6) the Harbor
Hill Terminal Moraine."

Schuberth, Christopher J, 1968, The Geology of New York City and Environs. The

Natural History Press, Garden City, N. Y.

Spangler, Walter B., and John J. Peterson. 1950. Geoclogy of Atlantic Coastal Plain in

"This book attempts to summarize the knowledge that geologists
have gained and to tell the fascinating story of the Metropolitan
New York region. We will examine its changing aspect through time,
back to its decipherable beginning. ...the plain of this book is
first to describe the terrain as it appears today, within a radius
of about one hundred miles from midtown Manhattan. This is followed
by a consideration of the structural framework of our northeastern
continent in terms of its primordial beginning. Then, we will
follow in chronological order the sequence of events that molded and
modified the landscape into its present configuration.”

New Jersey, Delaware, Maryland, and Virginia. Bulletin, Americal Association

Petroleum Geclecgists, Vol. 34, No. 1, January, pp. 1-29.

"This paper presents a detailed study of the Cretacecus and
Tertiary stratigraphy of the Atlantic Coastal Plain in New Jersey,
Delaware, Maryland, and Virginia. Detailed lithographic descrip-
tions, based on field examination of all important outcrops in the
area, reveal an orderly solution to the correlation problems that
have persisted in previocus lithologic and paleontclogic studies of
this area.

Diagrammatic cross sections and profiles are included to con-
trast the relationships of bids based on past age assignments and
the relationships of beds based on the writers' age assignments
and interpretations. Isopack and structure maps have been prepared
from well-log data for the major formational divisiens.”
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Widner, Kemble, 1964. The Geology and Geography of New Jersey. The New Jersey

Historical Series, Vol. 19, D. Van Nostrand Cempany, Inc., Princeton, N. J,.,

193 pp.

A semi-popular, yet authoritative and comprehensive account
of the geology of New Jersey. There are chapters on the geology
of the Coastal Plain, and the effects of the Pleistocene glacia-
tion on the region. A good place to start to obtain a broad view
of the geology of the area. The author was State Geologist and
chief of the Bureau of Geology and Topography in the Department
of Conservaticn and Economic Develeopment, New Jersey.

Hydrology

abood, K. A, 1974. Circulation in the Hudson Estuary. 1In Hudscn River Cclloguim

O.A. Roels), Annals N.Y. Academy of Sciences, Vol. 250(1).

"This paper describes the hydrodynamic characteristics of
partially stratified water bodies, as typified by the Hudson River,
and presents a number of methods of establishing a quantitative
relationship of density-induced velocity and circulaticon to salinity
levels, freshwater runcff, and tidal characteristics, These methods
utilize known or measurable physical and hydraulic parameters to
determine the density-induced circulation (DIC) and mixing character-
istic of estuaries.”

Jeffries, Harry P. 1962. Enviromnmental Characteristics of Raritan Bay, A Polluted

Estuary. Limnology and Oceanography, Vol. 7, No. 1, pp. 21-31.

"Temperature, salinity, dissolved ©,, PO,-P, and NO,-N in
Raritan Bay, N.J. were determined over a l6-month period. Each
reflects the circulation pattern in which sea water floods along
the northern shore, enters a region of mixing with river dis-
charge in the head of the kay, and then ebbs out along the
southern shore."

"At the mouth of the bay, salinity was higher on the
northern than on the southern side. The mean annual monthly
difference at the surface was 1.27%; departures from the mean
were related to river flow."

"Surface and bottom dissolved Q, content were minimal in
august and highest during winter. Low concentrations cccurred
in the Raritan River, especially during the summer proceding
operation of a trunk sewer."

“The primary source of NO,-N was outflow from the Raritan
River. Prior to operation of a trunk sewer, the river may have dis-
charged significant quantities of PO;-P intc the bay."

"Throughout spring and summer, PO, concentrations rose and NO,
decreased, It is postulated that the resultant low N:P ratio was
partially due to an efficient nutrient regeneration mechanism that
favored the rate of P renewal."

"p combination of rich nutrient supplies arising from natural
and domestic sources, plus a sluggish circulation, efficient
nutrient regeneration mechanism, and scarcity of macroscopic algae
combine tc form an estuarine environment capable of supporting
extremely dense plankton populations.”

{ed.

Alan Z. H. 1875. Current Structure in the Sandy Hook to Rockaway Point Transect.

Unpublished Masters Thesis, Marine Environmental Studies, State University of New

York at Stony Brook.

"The structure of tidal and nontidal currents within the Sandy
Hook to Rockaway Point Transect has been investigated in light of
USC&GS current meter data. The data are from surveys conducted in



New York Harbor in 1952, 1958, and 1959. The vertical and hori-
zontal variation over the Transect of tidal current amplitude and
phase is discussed, as well as the variation of nontidal current
velocity. The tidal and nontidal volume transport of water has
been calculated. The complicated spatial structure cof tidal and
nontidal currents appears toc have important effects on the trans-
port of disselved and suspended materials through the Transect.”

Tidal currents are dominated by the semi-diurnal tide.
Strongest ebb velocities are confined to the surface layers and
to the Sandy Hook side of the transect. Flocd velocities are
stronger at depth than ebb velocities.

The nontidal current structure is a two—lager system with
seaward flow in the surface layer and upstream flow at depth.

Ketchum, B. H. 1951. The exchange of fresh and salt water in a tidal estuary. J. Mar.
Research, Vol. 10, pp. 18-38.

"An empirical theory is presented which describes the exchanges
between various parts of an estuary as a result of tidal oscillation,
and which permits the calculation of the average distribution of
fresh and salt water within the estuary. The characteristics of the
estuary used in the calculations are the mean range of tides, the
river flow, and the topography, all readily available for most
estuaries."

"The calculations are shown to produce results which are similar
to distributions obhserved in three very different estuaries. The
theory will permit calculations of the changes in distribution of
salinity and fresh water in any given estuary to be expected as a
result of variation of river flow.”

Raritan River and Raritan Bay is cone of the natural estuary
systems used as an example. The total volume of the tidal prism
is about 9,200 million cubic feet, which is almost 300 times greater
than the volume introduced by the river during a tidal cycle.

Laevastu, T., M. Clancy, and A. Stroud. 1974. Computation of Tides, Currents, and
Dispersal of Pollutants in Lower Bay and Approaches to New York with fine and
medium grid size hydrodynamical-numerical models. Environmental Prediction Research
Facility, Naval Post-graduate School, Monterey, Calif. Prepared for the Environmen-
tal Protection Agency, Pacific Northwest Envircnmental Research Laboratory,
Corvallis, Oregon.

"The report summarizes the results of two different HN model
applications with different grid sizes: one with a swall grid size
for the Lower Bay of New York; and the second with a larger grid
size for the Approaches to New York, which includes part of the New
York Bight cutside the Ambrose Channel."

"{1) The numerical model reproduces well the currents as known
from earlier empirical studies, but presents many more details and
makes it possible to compute other current-dependent processes, such
as transport and diffusion.”

"{2) The flushing of the Lower Bay NE of the lins between
The Narrows and Sandy Hock is considerably more rapid than in the
area SW cf this line towards Raritan Bay."

"{31) There is a weaker outflow from the Lower Bay between the
Ambrose Channel and Coney Island (off the Long Island ceoast), and
the main outflow is between Ambrose Channel and Sandy Hook, and turns
toward the socuth along the New Jersey coast."
Marmer, H. A. 1935, Tides and Currents in New York Harbor. Special Publication, No.
111, U.S. Department of Commerce, Coast and Geodetic Survey, 198 pp.

This is a compilation of data on direction, maximum velocity,
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and duration of ebb and flood currents at many stations in New York
Harbor.

surface current cbservations were made with a current peole;
observations at various depths with current meters of unspecified
type. 1In Lower Bay, the period of cbservation ranged from cne to
nine days. Although made without sophisticated instruments and
over relatively short periocds of time, Marmer's results are still
fairly widely gquoted because of his large number of stations.

0'Connor, Donald J. 1962, Organic Pollution of New York Harbor-Theoretical Consider-
ations. Journal Water Pollution Control Federation, pp. 905-918.

This paper presents a theoretical development defining the
relationship between biclogical oxygen demand and dissolved oxygen
in the Upper Bay of New York Harbor. The combined contribution of
organic wastes from the Hudson and East Rivers, Kill von Kull,
Gowanus Creek and waste water treatment plants, produces an signi-
ficant concentration of oxygen demanding wastes in the harbor
waters and reduction of dissolved oxygen.

Pritchard, D. W., Akira Okubo, and Emanuel Mehr. 1962. A study of the movement and
diffusion of an introduced contaminant in New York Harbor waters. Chesapeake Bay

Institute Technical Report 31.

“This report presents the results to date of a study of the
movement and diffusion of an introduced contaminant in New York
Harbor waters, carried cut under support from the Atomic Energy
Commission, While the results of the study may with suitable modi-
fication have wide application to problems associated with the
introduction of waste materials of various kinds into the Harbor
waters, the purpose of this project has been the prediction of the
spread of any radicactive material which might be introduced into
these waters, with particular reference to nuclear-powered shipping !

"rhis report is divided into four sections. The first section
presents a description of the processes of advection and diffusion
which lead to the movement and spread of any introduced water-borne
material in a tidal waterway such as the Hudson-East River complex,
together with a discussion of various theoretical treatments of
turbulent diffusion.”

"The second section presents the results of a numerical solu-
tion, using an IBM 704 and later an IBM 7090, of the two-dimensional
transient advection-diffusion. In this numerical computation an
initial distribution of contaminant released in the viginity of the
Battery was assumed, and the subsequent distribution of contaminant
in space and time was computed through 40 tidal cycles."

"The third section deals with direct observations of the move-
ment and diffusion of a simulated contaminant in the hydraulic
model of New York Harbor leocated at the U.S. Army Corps of Engineers
Waterways Experiment Station, Vicksburg, Mississippi. In this report,
emphasis is placed on the particular study in the hydraulic model
which most nearly duplicates the treatment using the mathematical
model discussed in section IL."

"The fourth section of this report discusses the differences
between the results obtained from the mathematical model and the
hydraulic model. Theoretical considerations are presented which
explain these differences and suggest the most probable correct
results.”

Stewart, H. B.,, Jr. 1958. Upstream bottom currents in New York Harbor. Science, Vol.

127, pp. 1113-1115.

"analysis of data obtained during the 1952 current surveys in
New York Harbor by the Coast and Geodetic Survey reveal the net
upstream movement of large volumes of water near the bettom." Half
hourly observations were made with a Roberts radio current meter,
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for at least 100 hours. Across the transect from Sandy Hook to
Rockaway Point downstream movement was concentrated in the upper
central portions of the stream; near bottom, the current flowed

upstream."”

U.S. Department of the Interior, Federal Water Pollution Control Administration,

Northeast Region. 1967.

Summary Report for the Conference on Pollution of Raritan

Bay and Adjacent Interstate Waters, Third Session.

Cambell, Robert. 1964,

"Raritan Bay receives 40,000 lbs/day of suspended solids and
185,000 lbs/day of BOD from municipal and industrial wastes. Shell-
fish from the bay have high bacteria counts and contain Salmonella
crganisms, and thus are a health hazard if eaten raw or undercooked.
Shellfish meat tainted by phenols and mineral oils is common, and
is unacceptable for market.™

This report lists sources of pollution, type of treatment and
volume of waste discharged. It deces not include field data on
bacteria or heavy metal count in Shellfish.

Biology

A report on the shellfish resources of Raritan Bay, New Jersey.

In report for the conference on polliution of Raritan Bay and adjacent interstate

waters, third session, vol. II-appendices.

Federal Water Pollution Control Admin-

istration, 1967.

Dean,

pDavid. 1975. Raritan Bay macrobenthos survey. 1957-1960.

This report summarizes in a series of maps and accompanying text
the distribution and density of the Soft Shell Clam, Mya areparia,
and the Northern Quahang, Mercenaria mercenaria Within Raritan Estuary
from the confluence of the Raritan River and Arthur Kill to a line
drawn from the tip of Sandy Hook to the west bank of The Narrows. A
total of 745 stations were sampled during the period July 17-August

23, 1963.
MNational Marine

Fisheries Service Data Report 99.

Jacobson,

"This paper describes a guantitative census of benthic macro-
fauna from Raritan Bay and Lower Bay during the summers of 1957 to
1960, prior to and following the operation of a sewage outfall at
the head of Raritan Bay. A total of 193 stations were sampled,
yielding 127 taxa that were identified to genus or species.” No
conclusive change in number of species was observed after the opening

of the sewage outfall.

Species lists for each station are given, which is good base-
line data against which subsequent benthic surveys can be compared.

In addition, grab samples from each station were sieved to
determine grain size distribkution.

Fred L., and John T, Charrett. 1964. Fish and Wildlife-Raritan Bay. 1In

report for the conference on pollution of Raritan Bay and adjacent interstate

waters, third session, vol. IlI-appendices.

Federal Water Pollution Control

Administration, 1967.

"This report provides information on the fish and wildlife
resources of the Raritan, Lower New York, and Sandy Hook Bays,
located in Richmeond County, New York and Monmouth and Middlesex
Counties, New Jersey,...." Contained in this report are summa-
tions of data on past harvests, present harvests, economics,
and potential for the following: commercial shellfishery, hard
clams, soft clams, blue crabs, commercial finfishing, marine
sport fishery, recreational shellfishery, and wildlife.
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MecGrath, Richard A. 1973. Benthic macrofaunal census of Raritan Bay--Preliminary
Results, Benthos of Raritan Bay. In Proceedings, Third Symposium on Hudson River
Ecology, paper no. 24, March 22-23, 1974. Bear Mountain, New York Hudson River

Environmental Society.

"5 seasonal benthic census of the Raritan Bay estuary has been
initiated during 1973. Preliminary results indicate greatly depressed
macrofaunal densities in comparison with other areas... A multiplicity
of water waste sources and a sluggish flushing pattern combine to make
the Raritan Bay system a grossly polluted water body. Present knowledge
is inadequate to assess the effects of known pollutants on the fauna

of the bay.”

This paper is the most recent source of quantitative data on
benthic communities in Raritan Bay, Sandy Hook Bay, and Lower Bay.
Commercially important species are not discussed however.

Steimle, Frank, and Richard B. Stone. 1973. Abundance and Distribution of Inshore
Benthic Fauna off Southwestern Long Island, Wew York. NOAA Technical Report NMFS

SSRF-673.

"This paper describes a gualitative and quantitative census of
the inshore benthic fauna off scuthwest Leng Island over the peried
February 1966 through January 1967, prior to construction of an ocean
sewer outfall in the general vicinity. Preliminary analyses of data
indicate the presence of three distinct communities: 1) an inshore
medium to coarse grain sand community dominated by the bivalve,
Tellina agilis, the amphipod, Protohaustorius deichmannae, and the
echinoderm, Echinaracinius parma: 2) an offshore silty fine sand
community dominated by the bivalve, Nucula prexima and the polychaete,
Nephtys incisa; and 3) a community dominated by the blue mussel,
Mytilus edulis.”

Commercially important species are not discussed.

Walford, Lionel A. 1971. Review of Aquatic Resocurces and Hydrographic Characteristics
of Raritan, Lower, and Sandy Hook Bays. Report prepared for the Battelle
Institute by the statff of Sandy Hook Sport Fisheries Marine Laboratory.

This paper includes as an appendix a "Report on Benthic Commu-
nities and Shellfish Populations in the Lower and Raritan Bay."
Samples were taken with Smith-McIntyre bottom grab and shell dredge
at B stations. Each station was sampled on only cne occasion. HNo
attempt was made te monitor seasonal or long term changes. The author
considers that the standing crop and species diversity in this area
are very impoverished relative to comparable estuarine environments
and the coastal waters of the New York Bight. The total number of
taxa found was only 31, while the most diverse sample, collected
northeast of Swineburn Island contained 19 taxa. The sample with
fewest live individuals (3} was collected immediately east of Chapel
Hill North Channel; the author attributes the low biomass to dredging
activities.

The cnly commercially important species discussed is the hard
clam, Mercenaria mercenaria. The distribution of this species is
uneven, ranging from one clam per 7 ft? to one clam per 150 ft2.

Woodward-Clyde Consultants. 1975. Rockaway Beach Erosicn Control Project, Dredge
Material Research Program, Offshore Borrow Area, Results of Phase I-Predredging
Studies. Prepared for the Department of the Army, New York Distriect, Corps

of Engineers.

This is the first report of a project to assess the environmental
impact of removing sand from an off-shore borrow area between Ambrose
channel and Rockaway Point. “The overall objectives of these studies
are to evaluate: (1) the effects of dredging on the benthic macro-
invertebrates of the horrow area, {(2) the effects of dredging on some
water and sediment characteristics within and cutside the borrow area,
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(3

the nature and extent of repopulation within the berrow area

by benthos, and {4) the rate of shoaling in the borrow area after
dredging has been completed."

"Four tasks were completed during the predredging period

between March and June, 1975; (1} survey of existing literature
on the benthic fauna and water chemistry in the borrow area, {2)
sampling and analysis of benthic fauna in the borrow and reference
areas, {(3) assessment of water gquality, and (4} identification of
characteristics of the borrow area sediments."

The water quality parameters measured were temperature,

dissolved oxygen, chlorinity, pH, conductivity, and transparency;

all

fell within range of values reported by previous workers.

No temperature or salinity stratification was noted, which is
unusual. Shipek sediment samples contained %4% by weight fine to
medium sand. Sediment was well sorted. A total of 51 species of
penthic invertebrates were identified in samples from Shipek,

trawl and clam dredges. Blue {(Spisula Solidissima} dominated the
live assemblage at all stations. Most individuals were very small.

Woodward-Clyde

Consultants. 1975. Rockaway Beach Erosion Control Project, Dredge

Material Research Program, Offshore Borrow Area, Results of Phase II1-Dredging

Studies,

Engineers.

Prepared for the Department of the Army, New York District, Corps of

This is a continuation of a study to indicate the enviren-

mental impact of removing sand from an offshore borrow area within
Lower New York Harbor. Sampling was carrisd out in October 1975,
after dredging had ceased.

Within the dredged area dissclved oxygen was low, temperature,

conductivity, and pH were high, and chlorinity and transparency
were low at the surface and high at depth relative to measurements
outside the dredged area. The Shipek sediment samples from the
dredged borrow area contained fewer species, lower biomass, and
fewer individuals. Nephtyidae are more common within the dredged
area than outside; amphipods are less commen. Individuals from the
dredged area were smaller than elsewhere.

This report contains the only data on benthic fauna in any

dredged arca of Lower Bay. It is particularly valuable because
this data can be compared with predredging baseline data, reported
in Phase I of the study.

Sediment Sources

Note: The extensive literature on prediction of wave energy incident on a beach,

longshore current velocity, and littoral drift is5 not included here.

is referred instead to the excellent bibliography following Chapter 4 of the

U.S. Army Coastal Engineering Research Center's Shore Protection Manual.

Caldwell, J. M.
Society cf

1966. Coastal processes and beach erosion. Journal of the Boston
Civil Engineers, Vel. 53, No. 2, pp. 142-157.

This paper contains a general discussion of wave action on a

beach, with examples drawn from the New Jersey coast. Caldwell
describes a method of calculating the alongshore component of wave
energy from observational data: wave period, wave height, wave
length, direction and water depth. This is an empirical relation-

ship

based on laboratory tests and a few field observations. The

littoral drift can then be estimated from the alongshore component
of wave energy.

The paper presents no observational data on waves; predictions
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of wave energy incident on the New Jersey coast are based on a
series of wave hindcasts made by the Beach Erosion Board from
North Atlantic weather maps. Drift rate measurements for Sandy
Hook and Cold Springs Harbor Inlet are based on repeated Corps
of Engineer surveys over 100 years.

The theoretical and observational sections of this paper
are not connected well. Caldwell does not compare the drift
rate at Sandy Hock predicted from his empirical formula with
that measured in surveys.

Charnell, Robert L. (editor). 1975. Assessment of offshore dumping in the New York
Bight Technical Background: Physical Oceanography, Geological Oceanography,
Chemical Oceanography. NOAA Technical Report ERL 2332-MESA 3.

The geoleogical section of this report..."summarizes relevant
data acquired by the geclogical occeanography program of the MESA
New York Bight Project. The program has been concerned with (1)
the physical nature of the substrate of the Bight apex; its topo-
graphy, surficial sediment distribution, and distribution of
sediment with depth, and (2} the dynamic system of sediment erosion
transport, and depcsition within the Bight apex." This report
includes much new information on sedimentation at the apex of the
New York Bight between Sandy Hook and Rockaway Beach.

Colony, R. J. 1932, Source of the sands on the south shore of Long Island and the
coast of New Jersey. Journal of Sedimentary Petrology, Vol. 2, Ne. 3, pp. Ll50-159.

This paper reports on a study to ascertain the source of sands
forming Long Island and New Jersey beaches. Sixty-nine samples
were collected between high and low water lines, and mineralogy of
pebbles and sand determined, Kyanite, green mica, blue spinel,
lilac~blue tourmaline, and magnetite were found only in Leng Island
sands, and glauconite, cordierite, chloritoid, muscovite, and
green-brown and mahogany-colored tourmaline only in New Jersey sands.
Thus Colony conrludes that no transport takes place between the two
shores.

Colony's list of mineral occurrences is basic to any study of
sediment whose source is thought to be littoral material from the
south shore of Long Island or the north shore of New Jersey.

Fairchild, John C. 1966. Correlation of littoral transport with wave energy along
shores of New York and New Jersey. [.S. Army Ccastal Engineering Research Center,

Technical Memo. No. 18.

"The purpose of this report is to show the results of a study
which correlates certain field measurements of net littoral trans-
port with the average net alongshore component of wave energy,..by
applying wave refraction analysis aided by interpolation techniques
to waves hindcast from synoptic weather charts. The littoral trans-
port rates were obtained from beach erosion control and other
applicable reports of the study area...the correlation should be
reliable within the limits of the data scatter.”

This paper is based on littoral transpert rates from five
stations, and all of those rates are estimates, The data scatter
is rather large; for a given alongshore energy, the littoral trans-
port rate varies by a factor of three. Fairchild's results do not
agree with those of Caldwell (1961}.

Fray, Charles T. 1969. Final Report, Raritan Estuary Sedimentation Study. Prepared
for Federal Water Pollution Control Administration, Department of the Interior,
by Alpine Geophysical Associates, Inc., Qak Street, Norwood, New Jersey.

Although no new data was included, here is summarized in one
place general geology, historic changes in bathymetry and shoreline,
littoral forces, core data, surficial sediment data, and sources
and magnitude of sediment in-flow. A second section discusses the
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Nagle, J.

pollution of Raritan Bay and adjacent interstate waters, third session, vol.

effects of sedimentaticn on users of Raritan Bay, and reviews
attempts to contrel sedimentation.

Stewart. 1967. Geology of Raritan Bay. In report for the Conference on

appendices. Federal Water Pollution Control Administration, 1967,

Panuzio,

"The study included a review of available chloride data, as
well as sampling and analyses of the bay sediment. Sediment samples
were subjected to size analyses and determinations of water, organic
matter and carbonate content. The distribution of these readily
identifiable sediment particles, the mineral muscovite, the shell of
the small clam Mulinia lateralis, and detrital c¢oal, was studied to
determine net movement of such particles in the bay.

Major conclusions from this investigation include the following:

1} The shoreline of the Raritan estuary has reached early
maturity in the geomorphic cycle of shoreline development.

2) Movement of high chleorinity water is centered in the
northerly portion of the bay, while fresher water moves through the

southern portion.

3} The bay fleoor is made up of four major sediment bodies,
referred to as the Lower Bay and Keansburg Sands, and the Sandy
Hook Bay and West Raritan Bay muds.

4) The high organic carbon content found in West Raritan Bay
is due to small particles of organic matter, probably the result
of organic matter introduced through pollution.

5) Sediment particles originating at various locations in
the bay are moved progressively toward the area bounded by Sequine
Point, Great Xills, Keyport and Keansburg.,™

III-

F. L. 1968, The Atlantic coast of Long Island. 1rn Proceedings of the 1lth

conference on Coastal Engineering, (ed. J.W. Johnson) Richmond, Calif., Council

on Wave Research, Vol. 1, pp. 1222-1241.

"The south shore of Long Island, located on the northeast
coast of the United States, consists of 120 miles of headlands
and barrier beach which is breached by inlets that interconnect
the coastal bays with the Atlantic Ocean. The shore is subject
to severe changes due to constant attack of the ocean, rising
level of the ccean and severe storms. The predominant, east to
west littoral drift moves from 300,000 to 600,000 cubkic yards
of sand along the shore annually. The affected area encompasses
a million people and is valued at $2.5 billions. Improvements
have been authorized for 110 miles of shore, and involve sand-
fill, feeder beaches, groins, jetties, sand bypassing, and
inlet barriers. The estimated cost for the entire shcore improve-
ment is $189 million. The annual charges are about $10 million.
The annual benefits are $16 million. The implementation of the
authorized work includes the design and model testing of several
sections and the completed work in several sections, such as
sandfill, feeder beaches, and groins. The completed work shows
considerable effect on shore processes. Overall evaluation must
await completion of the total improvement in an integral section

of the shore."

Taney, Norman E. 1961. Geomorphology of the south shore of Long Island, New York.
Beach Erosion Board, Corps of Engineers, Technical Memo. No. 128.

"The purpose of this report is to depict the geclogic and
geomorphic factors...which have influenced the present form of
(the south shore of Long Island].” The south sheore of Long
Island is divided into two sections: an eastern eroding head-
lands section, and a western barrier beach section. The
barrier beach is at present broken by six inlets. Examination
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U.S. Army Coastal Engineering Research Center. 1973, Shore Protection Manual,

of historic maps and charts and surveyfs aleong 525 ranges show
that the shore has changed continually over the last 150 years.
Inlets have opened and closed. Spits have grown, and inlets
have migrated westward. The net littoral drift is westward,
and is estimated at 300,000 cubic yards per year at Moriches
Inlet, 450,000 cubic yards per year at Fire Island Inlet, and
450,000 cubic yards per year at Rockaway Inlet. Many protec-
tive structures (listed in the paper) have been built te alter
or stop the shifting sands.

This paper is an excellent source of information on
littoral drift along Long Island. Unfortunately the charts
showing shoreline changes are reproduced so small as to be al-
most indecipherable.

3 volumes,

Available from Superintendent of Documents, U.S5. Govt. Printing Cffice, Washington,

D.C.,

20402, $14.75.

This 3 volume set contains a wealth of information on the
state of the art of dealing with the coastal zone.

"“yolume I describes the physical envircnment in the coastal
zone starting with an introduction to coastal engineering, con-
tinuing with discussions of mechanics of wave motion, wave and
water level predictions, and finally littoral processess. volume
IT translates the interaction of the physical environment and
coastal structures into design parameters for use in the solution
cf coastal engineering problems. It discusses planning, analysis,
structural features, and structural design as related to physical
factors, and shows an example of a coastal engineering problem
which utilizes the technical content of material presented in all
3 volumes."

Volume III contains four appendices including a glossary of
cocastal engineering terms, a list of symbols, tables and plates,
and a subject index." An extensive bibliography follows each

chapter.

The emphasis is practical rather than theoretical. Formulae
are generally presented without background or derivation. Many
empirical methods are outlined in step-by-step form, such as a
technique to predict wave diffraction from an elaborate set of

template overlays.

Of particular interest to this study are the discussion and
comparison of various models for estimating longshore current
velocity, and littoral drift.

U.5. Army Engineer District, New York Corps of Engineers. 1964. Cooperative Beach

Erosion Control and Interim Hurricane Study (Survey).

Fort

Army

Wadsworth to Arthur Kill.
This is a detailed study of the shoreline of Staten Island to

determine the best means of preventing further erosion of the shore.
The sections on the histcry of the shoreline, sediment analysis, and

nearshore profile are pertinent to any investigation of Lower New
York Harbor.

Staten Island, New York,

Engineer District, New York Corps of Engineers. 1962. Cooperative Beach

Erosion Control and Interim Hurricane Study {3urvey) of Raritan Bay and Sandy Hook

Bay,

New Jersey.

This study presents data on the littoral material, including
grain-size characteristics, and vertical profiles of the beaches
and nearshore bottom as determined from surveys conducted by the
Corps of Engineers. The direction of transpert and the volume of
littoral drift are analyzed.
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U.S. Army Engineer District, New York, Corps of Engineers. 1953. Cooperative Beach
Erosion Study. Atlantic Coast of New Jersey-Sandy Hook to Barnegat Inlet.

This study contains considerable data or the grain size
characteristics of the littoral material moving northward along
Sandy Hook, as well as the volume of littoral drift.

Yasso, Warren E. 1965, Flourescent tracer particle determination of the size-velocity
relation for foreshore sediment transport, Sandy Hook, New Jersey. Journal Sed.
Petrology, Vol. 35, No. 4, pp. 989-993.

"Fach of four size classes of foreshore sand from Sandy Hook,
was color coded with daylight and ultraviolet flourescent coating
material. These tracer particles were introduced at mid-swash line
on the foreshore surface at Kingmill Beach, two hours prior to high
tide. ...samples were obtained by channel sampling on the foreshore
along a sampling line, transverse to the foreshore, that was estab-
lished 30.5 meters downdrift from the peoint of introduction of
tracerparticles. ...particles in the smallest size class (0.701 >
d > 0.589 mm}) [had] equivalent to 2.8 cm/sec average maximum trans-
port velocity. A maximum number of marked particles in both size
classes was found in a sample taken 42.3 minutes after introduction.
...for these two size classes both first arrival and converted peak
arrival data indicate an inverse size-velocity relationship prevails
in beach drift transport.”

This paper represents early werk in dye tracer studles, and
as the author points out, closer time spacing of samples, greater
length of sampling time, and a collecticn technique which allowed
sampling of the entire backwash-to-swash distance, would have been
desirable.

Yasso, Warren E., and Elliott M. Hartman, Jr, 1%75. Beach forms and coastal processes
MESA New York Bight Atlas, Monocgraph ll.

"Headlands, estuaries, a barrier spit, and barrier bars and
islands separated from the mainland by shallow lagoons are the
major landforms of the New York Bight ccast. Bight beaches are
subject to both annual and long-term changes in shape and position
typical of ocean-facing shorelines.

Wave refraction causes littoral drift of beach sand in a pre-
dominantly westward direction along the south shore of Long Island.
At Fire Island Inlet the westward drift rate is 366,440 m’/yr
(480,000 yd’/yr). HNorthward littoral drift predominates along the
New Jersey coast north of Dover Township. At Sandy Hook the
northward drift rate reaches a maximum of 376,300 m*/yr (493,000

vd?/yr). South of Dover Township the drift is predominantly south-
ward, reaching a maximum of 152,000 m?¥/yr (200,000 yd3/yr) at Cape
Inlet.”

Yasso's explanation cof the mechanism of longshore transport is
an excellent introduction for the non-scientist. This paper also
includes the best available discussion of the growth of Sandy Hook.

Sediment Characteristics

Duke, C. M. 1961. Shoaling of the Lower Hudson River. Waterways and Harbors Division
Journal, Am, Soc. of Civil Engineers Proceedings, Vol. 87, No. WWl, pp. 2%-45.

This paper is concerned with shoaling in the Hudson estuary
between the Battery and the George Washington Bridge. Seventy-six
percent. of the sediment in these shoals is derived from the water-
shed area--the remainder from eroding stream banks, wastes and
sewage, and the ocean. The bulk of the sediment is silt and clay.
Flocullation is alleged to play a major role in depositien in the
area where fresh water contacts salty water; sand content of
shoaling materials is only about 7% to 16% by mass. On the basis
of the hydraulic model of New York Harbor developed by the

131



Waterways Experiment Station at Vicksburg, Mississippi, the author
suggests measures to lessen shoaling including sedimentation basins,
the enlargement of the river channel near the George Washington
Bridge, and the provision of a wing dike to constrict the channel
south of the George Washington Bridge. Although these suggestions
involve removal of sediment, it seems that no commercially useful
sand or gravel would be produced.

Emery, K. 0. 1966. Atlantic Continental Shelf and Slope of the United States. U.S.
Geological Survey Professional Paper 529-A.

"This report is the first of a series that describes the
geological, biological, and hydrological characteristics and the
geological history of the continental shelf, slope, and rise off
the Atlantic coast of the United States.*

"Topographic charts constructed during the program reveal
deep irreqular topography in the Gulf of Maine and off Nova Scotia
produced by glacial erosion and deposition. On the continental
shelf most irregularities, such as terraces and sand waves, are
formed by marine processes. In deeper water submarine canyons,
aprons superimposed upon the continental rise, and broad flat
abyssal plains are caused or influenced by turbidity currents.
Structural defarmation is shown on the topographic charts hy
prominant bends of the continental slope.

A suite of well distributed large bottom samples discloses
a broad belt of coarse-grained relict sediment deposited during
the transgression of the ocean across the shelf during post-glacial
time. These sediments were contributed to the ocean by streams
that carried glacial melt water in the north, or drained areas of
weathered rock in the central and southern parts of the region.
Modern coarse-grained detrital sediments are restricted to the
nearshore zone.

“bDredge and other samples from the ocean bottom show that the
unconsolidated Pleistocene and Recent sediments overlie strata of
Pliocene and Mioccene age on most of the continental shelf. 1In
areas of deeper water are discontinuous outcrops of rocks that are
as cld as middle Cretaceous on the continental slope and as old as
Paleozoic in the Gulf of Maine."

"continuous seismic profiles reveal that the Pleistocene and
Recent sediments are 10-60 meters thick throughout most of the
shelf and that they uncomformably overlie the older strata.
Several reflecting horizons within the sediments indicate inter-
ruptions in deposition, possibly during times of glacially lowered
sea level. The profiles alsc show local downwarping of Pliocene
and Miocene strata at the top of the continental slope, a possible
result of downwarping. Earlier and greater tectonic activity is
indicated by structural trenches in the vicinity of the contihen-
tal slope, those at the north being filled to overflowing with
Creatacecus and later sedimentary strata and at the south being
completely filled."

Folk, Robert L. 1974. Petrology of Sedimentary Rocks. Hermphill Publishing Co., Austin,

Texas.
A manual that describes in detail the analyses and interpre-
tation of sediments.
Fray, C. T. 1954, Physical Characteristics, Composition, and Source of Littoral
Material Along the New Jersey Coast. Manuscript on file Coastal Engineering Research
Center, Fort Belvoir, Virginia, 150 pp.

This publication cantains a summary of the characteristics of
the littoral material along the Atlantic Ocean shore of New Jersey
as determined from all samples taken up to the time of publication.
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McKinney, Thomas F,, and Gerald M. Friedman.

C. T., and John Ewing. 1961. Project 555-Monmouth County Offshore Borings.
of New Jersey Department of Conservation and Development, Report no. 1.

This report provides sub-surface data on sediment size charac-~
teristics and geologic structure along a line between Shrewsburg
Rocks and Asbury Park along a line paralleling the shareline
approximately one mile offshore. Twenty cores, generally one meter
or less in length, were cbtained and the size characteristics of
the sediment determined. Two seismic reflection profiles were run,
one just shoreward of the line of cores and the other immediately
to seaward. Coastal plain formations represented in the cores were
identified on the basis of the physical characteristics of the
sediment and fossil content where diagnostic.

Gross, M. Grant. 1974. Sediment and Waste Depcsition in New York Harbor. In Hudso

River Collogquium {ed. 0O.A. Roels), Annals N.Y¥. Academy of Sciences, Vol. 250.

"In this paper the physical alterations (by man) of the Hudson
River estuary are discussed, Particular attention is paid to the
sediments and waste deposits that covered much of the harbor bottom
and large areas of the New York Bight."

The paper includes secticons on maintenance dredging, sand and
gravel mining, plus guantitative data on flux of sediment into N.Y.

outer harbor.

Gross, M. Grant. 1970. Analyses of Dredged Wastes, Fly Ash, and Waste Chemicals.

New York Metropolitan Region, Marine Sciences Research Center, State University

of New York at Stony Brook, Technical Report no. 7.

"Chemical and physical properties were determined oh wastes
commonly transported by barge for disposal in coastal waters off-
shore from New York Harbor. Dredged wastes were studied by analysis
of harbor sediment and wastes in the designated 'Mud Disposal Area.'"

Harbor samples were removed from ships and channels aleong the
lower Hudson River and East River. This sediment is primarily silt,
rather than sand and grawvel,.

Concentrations of major elements most closely resemble shale,
although Ca and Mg are somewhat less abundant in harbor sediment
than in shale, while Na and K are substantially more abundant.

Carbon concentration is higher than that of unpolluted sedi-
ments on the adjacent continental shelf, probably from sewage solids.

1970, Continental Shelf Sediments of

Island, New York. Journal of Sedimentary Petrology, Vol. 40, No. 1, pp. 213-24

Sampling for this study was conducted along NW-SE transects
from the Long Island shore in the region of Fire Island to the 100

fathom contour.

"The detailed nature of relict sediments resulting from and
related to the Holocene transgression has been revealed through a
sedimentological study of a densely sampled segment of the Long
Island, New York, continental shelf. Bathymetry of the Long Island
shelf reflects the relict patterns of subaerial coastal-plain
fluvial drainage systems from lower stands of sea level."

"The shelf sediments can be divided into an inner (0 to 25
fathoms) and middle (25 to 35 fathoms) shelf clean sand facies and
an outer {> 35 fathoms) shelf muddy sand facies. Locally on the
middle shelf, the outer muddy sand facies is preserved as erosional
remnants and also within the interiors of shells that are buried in
the clean sand. This evidence supports the view that the outer
muddy sediments is relict (Garrison and McMaster, 19%66); the sharp
"mud line" at about 35 fathoms results not from modern deposition
but from the winnowing of the formerly more extensive muddy sediment."

"The grain size distribution were plotted on log-phi scale and
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McMaster,

distinct populations were separated. In the distributions of
the inner and middle shelf sands, three populations (A, B, and
C) were recognized which (it is supposed] resulted from salta-
tion (A), interstitial entrapment and/or suspension (B), and
sliding and rolling {(C).

The absence of the B population indicates deposition in
the surf zone where intense winnowing occurs. The presence of
the C population also suggests deposition in the surf zone.
Deposition from currents is indicated by the presence of the B
populatioen.

very few of the shelf sands have the size characteristics
of beach swash zone deposits. Most are, however, relict of
shallow nearshore environments. Most of the inner shelf sands
appear to have been modified by currents, whereas many of the
middle shelf sands are relict of deposition in the surf zone.

The outer shelf sands are bimodal and by graphical dis-
section of the size distributicn, a distinct fine sand mode
can be traced as a separate sedimentation unit. When the sea
was about 35 fathoms, the fine sand was swept by currents (B
pepulation is present) from shoal areas to the northeast of the
study area into an embayment area. This relict fine sand
deposit spread to the southwest and mixed withl the coarser basal
sands of the transgression.

Short cores on the inner shelf indicate that fine
winnowed sand on the inner shelf probably represents the re-
working of a backbarrier facies by the transgressive sea.

The inner shelf sands are mineralogically more mature
(orthoguartzose) but more angular (mean roundness (rho) for
medium guartz grains) than the middle and outer shelf sands
{subarkosic) .

Robert L. 1954. Petrography and Genesis of the New Jersey Beach Sands. GState

of New Jersey Department of Conservation and Feonomic Development Bulletin &3,

Geclogic Series.

This is a painstaking study of the grain-size distribution
and mineralogy of numerous sediment samples from New Jersey
Beaches and nearshore bottom. McMaster's list of mineral
occurrences is basic to any determinations of provenance of New
York Harbor sands. Minerals found along beaches of Northern
New Jersey include: actinolite, augite, andalusite, chloritoid,
collophane, diopside, epidote, various feldspars, garnet,
glaucenite, hornblende, hypersthene, leucoxene, monazite, guarte,
rutile, sillimanite, staurolite, sphene, tourmaline, zircon.

New York State Department of Transportation. 1972, Standard Specifications: Con-

struction and Materials.

This reference manual contains the gradation regquirements
for mortar sand, grout sand, concrete sand, and fill, which
were used in this study to evaluate various uses for Lower Bay

sands.

New York State Department of Public Works. 1974. Analysis of Ambrose Channel Sands.
Unpublished report submitted to James Marotta, New York State office of General

Services.

Two samples dredged from the west bank of Ambrose Channel and
collected on N.J. Route 95, were analyzed for grain size distri-
bution and mineralogy. The sand composition was 94% quartz, 4%
mica and chlorite, 1% shell, and 1% other, which is acceptable for
most uses. The Ambrose Channel Sands met gradation reguirements
for grout sand, filter sand for sewage, and moulding sand for
foundry castings.
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Schlee, J., and R. M, Pratt, 1970. Atlantic Continental Shelf and Slope of the U.S.-
Gravels of the Northeastern part, USGS Prof. Paper 529 H.

"Gravel is concentrated mainly on the glaciated part of
the continental margin--the Gulf of Maine, Scotian Shelf, and
northern part of Georges Bank."

"Seattered occurrences of gravel are found on the conti-
nental slope as far south as Hudson Canyen. The gravel fraction
on the slope is a minor part of the sediment (most is silt and
clay) and shows a wide range in size and roundness. On the non-
glaciated shelf south of New England and Long Island gravel is
distributed sporadically: largest concentrations are associated
with the drowned Hudson Channel east of New Jersey. The gravel
is moderately sorted quartzose, and commonly in a bimodal
grain-size distributicn with sand.”

"Most of the shelf off New England, Long Island, and New
Jersey is mantled by sand and less amounts of gravel in amounts
probably sufficient to constitute an economic asset. A drowned
river-terrace on the shelf southeast of New York City and
isolated glacial gravelly sands offshore from Boston are pro-
mising deposits meriting further detailed study. Other deposits
are off Rhode Island, Cape Cod, and Long Island. A few shallow
drill holes on the shelf indicate that sand is as much as several
meters thick. Shallow continuocus seismic profiles show that
uppermost layers on the inner shelf are fairly continucus over
much of the shelf, though layers are wvariable in thickness."”

Schlee, John and Peter Sanko. 1975. Sand and Gravel. MESA New ¥ork Bight Atlas,

Monography 21.

“The purpose of this paper is to point out the areal distri-
bution of sand and gravel in New York Bight, to indicate where
data are lacking and to discuss some potential problems in
exploitation.”

The boundaries of Schlee's study are Delaware Bay, Block
Island Sound, the 200 m isobath, and a line from Sandy Hook to
Rockaway Point.

The secticn by Peter Sanko on "3and Mining in New York Harbor"
is a good historical summary of dredging in the Lower Bay. Pro-
duction statistics for 1950-1974 are included, as well as
indication of use to which sand was put.

sieck, H., 1965. Lower New York Bay Geophysical Investigation report, Prepared for
Transcontinental Gas Pipe Line Corporation, Houston, Texas, by EG&G Inc.

This report describes a detailed geophysical investigation
of 33 miles of a proposed pipe line route from Morgan, New Jersey
through Raritan and Lower Bays, along the south shore of Long
Island, to the Long Beach, New York. The acoustic sound source
was an EG&G High Resolution Boomer Tranducer. “The primary objec-
tives of the investigation were: (1) to determine the presence
or absence of consolidated sediments, bedrock, or gravel in the
upper 20 feet of the sub-bottom in the survey area, (2) to obtain
bathymetric data for the area, and {3} to determine if soil
borings would be used to effectively correlate the sub-bottom
profile.”

In the triangle bounded by Ambrose Channel, Sandy Hoock
Channel and Chapel Hill Channel, this investigator found mostly
sandy bottom, with several sub-bottom reflectors which he
interprets as gravel layers. We feel that more and deeper bore-
holes are needed hefore these reflections can be unambiguously
attributed to gravel.



Taney, N. E. 1961. Littoral Materials of the South Shore of Long Island, New York.
Technical Memo. No. 129, Beach Erosion Board, U.S. Army Corps of Engineers.

This report provides much information on the characteristics
of the littoral material moving west along the South Shore of Long
Island. This material may be the main sediment source supplying
East Bank.

Trumbull, James A. 1972. Atlantic Continental Shelf and Slope of U.S.-Sand Sized
Fraction of Bottom Sediments, New Jersey to Nova Scotia. U.S5. Geological Survey

Professicnal Paper 529-=K.

"Examination of the sand-size fraction of surface sediments
divide the continental shelf off the Northeastern United States
into three distinctive areas. These are the glaciated Gulf of
Maine and Nova Scotia shelf, the shallow high-energy Georges
Bank-Nantucket Shoals area, and the more normal continental shelf
south to New England and Long Island and east of New Jersey."

"Sand covers most of the continental shelf south of New
England and Long Island and east of northern New Jersey. Most
of the sand is well sorted and moderately well rounded. The sand
was deposited primarily as glacial and flu-ial outwash during
glacial-stage lowering of sea level and was slightly reworked
during the following transgression. It is therefore relict in
origin. Silt on the middle and outer shelf south of Martha's
Vineyard apparently postdates the transgression. River-derived
gravel blankets a large area on the inner half of the shelf off
the sandy beaches of New Jersey and Long Island. Narragansett
Bay, Long Island Sound, and other protected inshore areas are
floored primarily with Holocene micaceous silts sediment.”

"Over all the continental shelf the primary components of
the sand-size fraction are guartz and feldspar. Locally, very
high concentrations of glauconite are found in the bight hetween
New Jersey and Long Island and south of Long Island.”

This paper is excellent background material, placing N.Y.
Harbor sediments in larger temporal and spatial framework.

Uchupi, Elazor. 1963. Sediments on the Continental Margin off Eastern United States,

USGS Prof. Paper 475-C, Art. 94, pp. Cl132-Cl37.

"Relicit glacial sediments blanket most of the continental
shelf north of Hudson Canyon, and relict fluvial or nearshore
quartzose sands occur throughout most of the shelf from Hudson
Canyon to Cape Hatteras. Calcareous organic and authigenic
sediments are the dominant sediment types on the continental
margin farther south. Present-day detrital sediments are re-
stricted to a narrow zone near shore, to the outer edge of the
shelf off Long Island, and to the continental slope north of
Cape Hatteras. The predominance of relict and calcareous
sediments indicates that present rate of deposition of detritus
derived from land is very low over most of the continental
shelf. The report and accompanying sediment map were compiled
from published and unpublished reports."

This is the preliminary study for the survey reported in
Trumbell, James A., USGS Prof. Paper 529-K and contains no
further information.

Williams, S. Jeffress, and Michael E. Field. 1971. Sediments and shallow structures
of the inner continental shelf off Sandy Hook, New Jersey. Geological Society of

America, Abstracts, Vol. 3, Ne. 1, 62 p.

"As a pdrt of the Inner Continental Shelf Program (ICONS)
being conducted by CERC 225 miles of high resolution seismic
profiles were run over a 100 sguare mile area off Sandy Hock.
Ten cores averaging 10 feet in length were alsc obtained. Pro-
files indicate that the region is underlain by regular
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Williams,

regiocnally southeastward dipping strata (Cretaceous or Tertiary?
Age). East of the spit an area of extremely complex cross
stratifed (Pleistocene? Age) sand and gravel measuring 6 miles
in a north-socuth direction by 2 1/2 miles east-west. Mean
sediment thickness is 45 feet. The cross-bedded, sequence lies
disconformably on the flat lying substrate and grade laterally
into flat bedded strata. Large scale ridge and trough deposi-
tional structures are present along with intricate cross bedding.
Flat layers of sanéd 20 feet thick (Holocene Age) locally overlie
the cross-bedded facies.”

"Our data analysis indicates that this area has been a
complex, atypical environment of depesition with different
directions and modes of sediment transport and several source
areas. Marked differences exist in mineral distribution and
particle characteristics, indicating an admixture in varying pro-
portions of New Jersey cpastal plain sediments and moraine
derivatives. These suggest that prior to Heolocene transgression
the region was mantled with glacio fluvial depeosits. Only with
sea level rise Further reworking tock place with significant
additions of New Jersey Coastal Plain sands transported by
northerly longshore drift become a dominant process.”

5. Jeffress. 1973. The Geclogic Framework of the New York Bight-its influence

on positioning offshore engineering structures. Geological Society of America,

Abstracts, Vol. 5, No, 2, 239 p.

Wwillianms,

"Results of an ICONS program reveal this region straddles
two distinct physiographic provinces which are underlain by
gently SE dipping Coastal Plain strata which have been differen-
tially ercded and covered with variable thicknesses cof Pleistocene-
Holocene stratified sand and gravel. Shrewsbury Rocks extend
offshore from Long Branch, N.J. in a WE directicn and form a sea
floor cuesta marking the physiographic boundary between the deeply
eroded and subsequently filled sub-bottom to the north and the
nearly outcropping truncated edges of Coastal Plain strata to the
south. The buried submarine Hudson Channel has been traced on
geophysical records from The Narrows to its shelf head (a natural
deep channel) south of Sandy Hook, N.J. Other buried channels
which drained the terminal moraine to the north are evident south
of Rockaway Beach. Holaocene transgression has served to rework
existing sea floor sediments to yield the present distribution and
to supply littoral currents with material for the northward growth
of Sandy Hock Spit and westward growth of Rockaway Beach."

g§. Jeffress and David B. Duane. 1974. Geomorphology and sediments of the

Inner N,Y. Bight Continental Shelf. U.S. Army Corps of Engineers, Tech. Memc No.

"Approximately 445 miles of continuous seismic reflection
profiles and 61 vibrating cores were obtained from the Inner New
York Bight which encompasses about 250 sguare miles of the offshore
from northern New Jersey and western Long Island. The major
physiographic features include Sandy Hook and Rockaway Beach, both
prograding barrier islands, Shrewsbury Rocks and the Hudson {sub-
marine) Channel. Shrewsbury Rocks mark the demarcation between two
distinct geomorphic provinces. The area north of Shrewsbury Rocks
is underlain by Coastal Plain strata which have been deeply eroded
by Pleistocene glacial preocesses and covered by sand and gravel
outwash. South of Shrewsbury Rocks, Coastal Plain strata have been
evenly truncated and covered by a veneer of residual material.
Three primary types of bedding have been cbserved on the seismic
records. Coastal Plain strata exhibit a monoclinal regional south-
east dip; steeply inclined crossbeds are restricted to an elongate
basin east of Sandy Hook, considered to be of fluvial origins. The
third type is Pleistocene-Holocene stratified fluvial sands and
gravels which are regicnally discontinuous and exhibit gentle sea-
ward dip. Cores reveal that fine to medium sand is the predominant
gediment type on the inner shelf. Isolated patches of coarse sand
rounded sea gravels are present off Long Island where fluviant
materials are exposed. Course sediment off New Jersey is judged to
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be residual from sea floor outcrops of Coastal Plain strata.
Very fine sand, silt and muds comprise the sea floor at the
head of the Hudson Channel and along the body."

"Sand suitable for beach nourishment projects is found
in abundance throughout the shallow shelf parts of the Inner
New York Bight. Sea floor topography is fairly flat and sand
oecurs as blanket deposits. It is estimated that over 2
billion cubic yards of clean sand is available for retrieval
by present dredging technigues.”

Williams, 8, Jeffress. 1976. Geomorphology, shallow sub-bottom structure, and sediments
of the Atlantic Inner Continental Shelf Off Long Island. Coastal Engineering
Research Center Technical paper No. 76-2.

"about 800 square miles of the Atlantic Inner Continental
Shelf off Long Island, New York, were studied by CERC tc obtain
information on the sea flocor morphology, sediment distributien,
and shallow sub-bottom stratigraphy and structure. This infor-
mation is used for delineating sand and gravel resources and
deciphering shelf geclogic history. Basic survey data by CERC
consist of 735 miles of high-resolution continucus seismic pro-
files and 70 vibratory cores; additional data were available from
82 sediment cores and 225 miles of seismic records. Data coverage
extends from Atlantic Beach east to Montauk and in Gardiners Bay:
and from the shoreface seaward about 10 miles to water depths of

105 feet."

"Three primary acoustic horizons are evident on the seismic
profiles and have been identified by correlation with cores, land
borings, and surface exposures of the reflectors. Granitic bed-
rock is the oldest and deepest herizon underlying Long Island,
but its recognition on the seismic records, due to limited sub-
bottom penetration, is confined@ to northern Gardiners Bay. The
bedrock surface slopes scutheast and exhibits considerable relief
where glacial ice has enlarged pre-Pleistocene drainage channels.
Upper Cretaceous and Tertiary semiconsolidated clastic sediments
overlie the bedrock and dip and thicken to the southeast. The
surfaces of these strata, which are present throughout the study
area and project north under Long Island, and the second major
horizon."

wphe third seismic horizon is Pleistocene erosion surface
cut by fluvial and glacial agents into the older rock units.
Depth of this surface varies from ~50 to -300 feet MSL off the
western and eastern Long Island shelf to sea floor outcropping in
parts of the central Long Island inner shelf. Pleistocene
detritus consists primarily of blanketlike deposits of outwash
sand and gravel; however, radiocarbon dates show that Holocene-age
barrier-lagoonal sequences and estuarine sediments cover parts
of the Long Island shelf."

"Much of the surficial sand on the inner shelf is suitable
as fill for beach restoration, except for that of the shoreface
region {0 to -30 feet MSL} which contains fine sand and that of
major parts of Gardiners Bay which contain organic-rich silt and
clay. Topographic highs on the sea floor in the form of linear
shoals, and broad deltalike platforms in eastern Long Island
appear most suitable for sand recovery. The sea floor in most
potential borrow areas is flat and sand occurs as blanket deposits.
Potential sand reserves within about 12 feet of the sea floor in
the region are estimated to be more than 8 billien cubic yards.”
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