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INTRODUCTION

A buried gas pipeline is proposed to run from the southern
tip of Staten Island westward across Raritan Bay thence across
the Ambrose Channel to Kennedy International Airport (Figure 1).
The purpose of this report is to review the geological and

environmental conditions along this route.

BEDROCK AND SEISMICITY

Crystalline bedrock outcrops in northwestern Staten Island
and generally dips to the southeast under the Lower Bay. Borings
that have reached bedrock in both New Jersey and on Long Island
can be used to define the regional trend and to interpolate the
altitude of the buried bedrock surface beneath the bay (Spangler
and Peterson, 1950; delLaguna and Brashears, 1948). Bedrock
should lie at a depth of about 250 feet under the southern tip of
Staten Island, increase to a depth of about 800 feet at the
northern tip of Sandy Hook (Figure 2) and lie about 1000 feet
beneath the surface at the eastern terminus of the proposed route
at Kennedy Airport. These are Paleozoic and Precambrian rocks.
Precambrian soapstone was encountered at a depth of 95 m near
Great Kills, Staten Island, and granites under New Jersey’s
Raritan Bay coast and Rockaway Beach (Hutchinson and Grow, 1985).
These rocks are bounded to the east and west by Jurassic-Triassic
rocks and related fault system, particularly the New York Bight
Fault about 30 km off the New Jersey shoreline in the east
(Hutchinson and Grow, 1985) and the Ramapo Fault about 40 km to

the west.



Specific faults in the rock underlying the route are unknown
and earthquake activity in this area has not been ascribed to
specific faults although it appears to be due to reactivation of
previously fractured surfaces (Sbar and Sykes, 1977). The region
is one of moderate, low-level seismic activity (Sbar and Sykes,
1977). Since 1737 at least 10 earthquakes with intensities
between V and VII (or approximately between magnitudes 4.4 and
5.7) occurred with epicenters in the vicinity of the Lower Bay
(Weems and Perry, 1989). Between 1975 and 1981 five earthquakes
occurred here with magnitudes (by the Nuttli formula) of 1.8
(1982, off Sandy Hook), 3.5 (1979, Cheesequake, NJ), 2.0 (1978,
offshore NJ), and 2.8 and 1.9 (1976 offshore NJ; Hutchinson and
Grow, 1985). On 9 January, 1992 a earthquake with magnitude‘3.2
occurred at 0ld Bridge, NJ (about 10 miles south of Perth Amboy,
NY Times, 10 Jan. 1992, p. B5). Based on the data between 1730
and 1980, Mitronovas (1982) observed the-following recurrence

intervals for earthquakes in this region:

Intensity Approximate Magnitude Recurrence Time
(modified Mercalli) (Nuttli formula) (years)
IV 3.7 4
v 4.7 10
VI 5.0 40
VII Bl 125

SEDIMENT DESCRIPTIONS
At the western end of the proposed route, there is a good
set of 14 borings taken across the Arthur Kill in 1971
(Lovegreen, undated; Figure 3). North of the Kill, bedrock (the
Palisades diabase) is encountered at a depth of about 50 feet

below sea level. South of the Kill, the rock surface under



Staten Island drops to depths greater than 100 feet below sea
level. It is overlain by Cretaceous sediment whose surface liesA
at a depth of between 30 and 50 feet below sea level and
generally covered with Pleistocene strata of sand, sand and
gravel, and clay. On either side of the proposed route about
where it crosses Route 440, Cretaceous sediments extend to depths
of at least 190 feet below sea level on the west and 120 feet on
the east. The upper 50 to 100 feet of the Cretaceous is fine-
grained and the lower layers sand. The Pleistocene cover has a
base of sand and gravel between 8 feet thick (in the west) and 14
feet thick (in the east). These may be the northern edge of the
Cape May Formation overlain by undifferentiated clay and sand
layers that are not well-mapped and vary in thickness between 1
and 26 feet thick. South of Route 440, the southern tip of
Staten Island is covered by the Harbor Hill terminal moraine; the
surface sediment is poorly sorted till in which large boulders
will be encountered.

South of Staten Island a good set of borings were available
between Sequine Point, Staten Island and Conaskonk, NJ, about a
mile east of the proposed pipeline route. These had been taken
in 1930 and 1931 for a bridge and discussed by MacClintock and
Richards (1936). The deepest boring reaches -180 feet through
155 feet of sediment (Figure 4). The Cretaceous Raritan
Formation is penetrated at a depth of about 60 feet below sea
level.

In Raritan Bay below water depths of between 5 and 10 feet,

the bay floor is composed of marine mud. The borings described



by MacClintock and Richards (1936) show this mud to be infilling
a channel cut into the underlying sands with a thalweg at a
little over 150 feet. This feature is not resolved in other
places; appropriately placed deep borings do not exist. However,.
the buried channel is postulated to extend eastward under the
muddy sediment of Raritan and Sandy Hook Bay to Sandy Hook (and
beyond to the Highland Channel) (Bokuniewicz and Fray, 1979).

The muds are generally 10 to 15 feet thick over the bottom of the
bay outside of the channel’s axis.

Near the submerged route of the proposed pipeline, there are
only five relatively short cores and one deeper boring. Several
seismic reflection surveys cross the area but the structure is
obscured in Raritan Bay both because of the generally opaque
character of the mud and the shallowness of the water. East of
Sandy Hook, the sediment’s acoustic structure shallower than 100
feet is complicated by various dipping and discontinuous acoustic
horizons probably due to the alluvial, cut-and-fill deposits, but
there seems to be a strong, horizontal reflector at a depth of
about 100 feet. This is probably an outwash sand layer above the
Gardiners clay which should be at a depth of 150 feet and may be
resolved on seismic tracks reported by Williams and Duane (1974).
Since there have been no extensive clay layers described above
the Gardiners, coarse-grained sediments most likely persist to
this depth and the boring taken near Sandy Hook (Williams and
Duane, 1974) might be characteristic of the upper 100 feet of the

sediment here. That boring was composed of:



Interval (feet) Desdription

0-5 Dark grey, fine to medium sand with
organic silt and shells

5-18 Dark grey, fine to medium sand with
shells

18-26 Greyish brown, fine to medium sand

with traces of gravel
26-36 ‘Grey, fine to medium sand
34-39 Yellowish brown fine to medium sand

These data are summarized in the cross section along the
submerged path shown in Figure 5. The proposed pipeline route
has two possible paths leaving Staten Island (Figure 1). The
westernmost path is represented on Figure 5. It would begin to
transverse a sandy bay floor (the Wards Point sand) until tﬁe
Channel is reached. This sand is estimated to be about 13 feet
thick. If we assume that the stratigraphy here is represented by
the boring between Sequine Point and Conaskonk, then these sand
would be underlain by a thin layer of consolidated marine mud
resting on a gravelly red sand of the Cape May Formation which
extends to a depth of about 40 feet. Below this the grey sand of
the upper Raritan Forﬁation would be encountered superimposed on
a clay layer at a depth of about 140 feet. (The eastern path
would first cross a muddy bay floor. The stratigraphy here is
unknown but these muds are likely to be a thin blanket recently
deposited over the Wards Point Sand with an underlying
stratigraphy like that just described.)

Both of these routes would cross the mud-filled valley of
the ancestral Raritan River at about the position of the Channel.

Based on the borings south of Sequine Point, this valley would




have a thalweg at about 150 feet cutting through the Cape May
Formation and the upper sand layer of the Raritan and be infilled
by fine-grained sediments. Crossing this valley, the eastern
path would cross the exposed Wards Point Sand but both would
traverse a muddy bay floor until they turn 90° to the east (B on
Figures 1 and 5).

At this point (B, Figures 1 and 5) the mud layer would
extend to a depth of about 30 feet as sampled by two short cores
along the eastward route (2 and B7, Bokuniewicz and Fray, 1979).
This mud overlies the Cape May Formation which is encountered
here as a clayey gravel. The surface of the Raritan dips
downward along this track from an elevation of -60 feet where the
route turns eastward (B) to a depth of about 140 feet at the
location (C on Figure 1 and 5) where the alternate route joins
the main route. The proposed path crosses the West Raritan Bay
Muds and then the Keansburg Sands, between Raritan and Sandy Hook
Bays, for a distance of about 1.5 n. miles. These sands are
found interlayered with mud and may be about 14 feet thick
(Bokuniewicz and Fray, 1979).

Further to the east under Sandy Hook Bay, the Magothy
Formation should begin to be encountered above the Raritan, but
no borings in the bay have definitely encountered the Magothy.
The two are similar in composition; the Magothy is generally
described as alternating beds of clay and light sand containing
abundant lignite. Acoustic records north of Sandy Hook show a
horizontal reflector at a depth of about 100 feet. This may be

an erosional surface that truncates the Magothy further to the



west (as shown in Figure 2). Above this horizon the deposits are
undifferentiated alluvial sands and gravels.

Before the route angles northeastwardly past Sandy Hook (D
on Figure 1) the mud-filled valley of the ancestral Raritan
should be crossed again. There are no borings or seismic records
that confirm its presence. 1Its route has been inferred from (a)
the borings south of Sequine Point, (b) the presence of mud lineé
under Sandy Hook and the location of the Highland Channel on the
shelf which was assumed to have been its path across the shelf
(Bokuniewicz and Fray, 1979). (There are a series of borings that
were taken along the U.S. Navy Pier at Earle (Figure 6).

Although the section detailed by these borings does not extend
far enough north to intersect the proposed route of the pipeiine,
which passes north of the channel here, borings near the channel
show estuarine mud to a depth of at least 47 feet.)

The deep boring (Bl), referred to above, is not located along
the track and its water depth is uncertain but the log of this
boring is given on Figure 4 since the layering is probably
characteristic of the region. After the route turns to pass
Sandy Hook, the top of the Magothy should lie below 150 feet. The
character of the unit directly above the Magothy between 100 and
150 feet deep is unknown. It has been referred to as the " -
layer"; it is assumed to be coarse grained; and it is bounded by
a horizontal seismic horizon at a depth of about 100 feet
(Bokuniewicz and Fray, 1979). Between that horizon and a depth
of about 65 feet, layered sands with occasional gravel, are

found. This has been referred to the " -layer" and may be the

Cape May Formation.




Little is known about the stratigfaphy of the inner shelf
between the location where the route passes north of Sandy Hook
until it turns northward to reach Rockaway Beach (location "6" on
Figures 1 and 4). The surficial sand bodies were described by
Bokuniewicz and Fray (1979); these are shown on Figure 7 and the
areas crossed by the proposed route west of the Ambrose Channel

have the following descriptions.

Deposit Description Estimated thickness
(Figure 7) (Bokuniewicz and Fray, 1979)
XXb fine sand 160 feet
X1X medium sand 52 feet
XX1 medium to very 8 feet

coarse sand

East of the Ambrose Channel, vibrocores in the surficial 8 té 12
feet of sediment show layers of medium to coarse sand, medium
sand, fine sand, fine to medium sand, medium sand with pebbles
and a shell hash. Maps show that the surficial sediment is sandy
gravel (10 to 50% sand) on the south bank of the Ambrose Channel
but 90% sand along the rest of the route (Freeland, 1981).

Where the track turns northward ("6" on Figure 1), seismic
records slightly to the east show cross-bedded structures above
-100 feet presumably alluvial sands and gravels. Another
horizontal reflector at a depth of about 150 feet (Williams and
Duane, 1974) may be the top of the Gardiner’s Clay which lies at
about this depth under the Rockaway shoreline (Figure 2). The
identification is uncertain, however, and if the horizon at -150
feet is the Gardiner’s surface, the composition of the overlying
layer is uncertain.

Heading north towards Kennedy Airport, the route trends



updip over the formation underlying Long Island. These are shown
on Figure 2 as interpolated from deep borings. In ascending
order, these are (Perlmutter and Arnow, 1953)

a. the basement (granitic) rocks.

b. the Llyod sand member of the Raritan Formation. This is
a medium to coarse sand and fine to medium gravel which
contain beds of fine sandy clay, clayey sand and thin
layers of clay.

c. the Raritan clay (laminated silt and clay with sandy
lenses).

d. the Magothy Formation of fine clayey sand, fine sand,
silt and clay layers. Occasionally coarse sand and
gravel layers are encountered.

e. the coarse sand and gravel beds of the Jameco Gravel
which has been reported to contain "some cobbles,
boulders and scattered layers of silt and clay".

f. the Gardiner’s Clay which is described as a "silt and
solid clay" but may also contain layers of fine to
coarse sand.

g. undifferentiated outwash and alluvial deposits ranging

in size from clay to gravel.

WATER LEVELS AND WAVE CLIMATE
There are no site specific wave measurements for the region
of the mouth of the Lower Bay of New York Harbor, but wave
statistics have been hindcasted from weather conditions over a
20-year period by the U.S. Army Corps of Engineers (Jensen, 1983).

At a station 1.5 nautical miles south of Rockaway Point for a



water depth of 10 m, the hindcasted wave distribution is shown in

Figure 8. The average significant wave height is 0.47 m while
the largest is 3.71 m. Over the year the average wave height
ranges from 0.66 m in March to 0.38 in August while the maximum
wave heights range from 3.71 m in March to 2.24 m in June. The
monthly hindcasts are given in Table 1.

Storm surges, excluding tropical storms, have been
calculated by Ebersole (1982) using the NOS tide gage records at
Sandy Hook which has been in operation since 1933 (Figure 9). A
preliminary calculation has also been done by the Waterways
Experiment Station including tides, hurricanes and nor’easters
and shown as a dashed line on Figure 9. An extreme water level
with a 100-year recurrence interval is forecast to reach 11.5

feet above mean sea level.

CONTAMINATION

Recently deposited fine-grained sediments in this general
region contain elevated levels of contaminants. The sediments in
the Arthur Kill and the submerged muds around Kennedy Airport
should be expected to be contaminated but the greatest extent of
contaminated sediments along proposed route are the muds of
Raritan and Sandy Hook Bays. 2Zinc concentrations in Raritan Bay
range from 200 to 400 ppm; copper, from 200 to 410 ppm; lead,
from 100 to 240 ppm; PCB, from 0.04 to 1.4 ppm; and petroleum
hydrocarbon have concentrations as high as 892 ppm (Olsen, et
al., 1984). The concentrations tend to be higher in the western
part of the Bay. In the Raritan Bay Channel, contamination may

extend through a surficial layer about 30 cm thick but on the

40
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undredged muddy shoals it is probably confined to the upper 10 cm

or less. Underlying muds and sands would be essentially
uncontaminated. If these layers were to be disturbed by
dredging, the resuspension and elevated turbidity levels would be
expected to be local, temporary and probably small compared to
the ongoing natural resuspension.

There have been extensive studies of turbidity generated
around dredges and a review has been done by Herbick and Brahme
(1983). 1In general elevated turbidity levels are limited to
within a few hundred meters of the dredge and high levels are
associated with silt and clay. The Lower Bay and Raritan Bay
have been subject to dredging on a regular schedule so that this
type of disturbance has been routine. Brinkhuis (1980) had
applied a model of a continuous dredging operation to a site on
the East Bank near Ambrose Channel. The predicted plumes under
worse-case conditions (Brinkhuis, 1980), including maximum tidal
currents, are of relatively small extent, long and narrow, with
high concentrations only within a few hundred meters of the
source. Brinkhuis (1980) also review the biological impacts of
such plumes on 40 invertebrate species and 16 fish species. 1In
particular, estuarine fish species are often subjected to
elevated levels of suspended sediments by natural processes and
do not appear to be strongly affected by temporary excess
turbidity (Brinkhuis, 1980). They also avoid areas with high
levels of suspended sediment (Stickney, 1973). As a result, it
seems extremely unlikely that a plume generated by the proposed

operation will cause an unacceptable impact on the fish
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populations.

The impact of the dredging on the concentration of dissolved
nutrients, metals and dissolved oxygen in the water column will
be negligible. Many field and laboratory studies have tried and
failed to detect significant releases of trace metals to solution
during the resuspension of dredged sediment. These negative
results are in agreement with current geochemical theory about
the mechanisms of sediment-metal interactions which predict the
general immobility of trace metals in reducing sediment. Metals
become bound to fine-grained sediment particles by three
mechanisms. They may become bound to organic matter associated
with the particles. They may co-precipitate with those common
sedimentary metals (manganese and iron) that are insoluble uhder
oxidizing conditions or they may precipitate as insoluble sulfide
compounds under reducing conditions. It appears that the
extremely low dissolved metal concentratiéns in nearshore waters
are the results of these effects (Turekian, 1977).

Both field and experimental evidence confirms that the
mechanisms for binding metals to sediment particles are numerous
and operate under a wide range of chemical conditions (e.g.,
Gambrell et al., 1980; Jenne, 1977; Patrick et al., 1977).
Observations of metals and nutrients around a dredging operation
in the Thames River (CT) showed that the water column disturbance
was local and small-scale and that it did not represent a
significant source of dissolved material to the estuary under
typical conditions (Tramontano and Bohlen, 1984). 1In addition,
no significant release of metals has ever been observed during

the aquatic disposal of dredged material in the United States
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(Wright et al., 1978). This indicates that the resuspension of
this material does not significantly alter the chemical
conditions of the particles probably because bf the rapidity of
descent.

Persistent ecological effects from nutrient releases are
also unlikely to occur. Detailed monitoring of dredging and
disposal operations around the country (Wright et al., 1978) has
failed to detect significant elevations of nutrient levels in
receiving waters even from very large operations. Dilution is
rapid and effective, and any elevated nutrient concentrations
transitory. Observations at the New London Disposal Site in Long
Island Sound, for example, showed that dissolved oxygen, total
suspended solids, pH, eH, turbidity, and dissolved organic carbon
all returned to background, predisposal levels within two hours
of a scow discharge (National Marine Fisheries Service, 1977).
Similar results were obtained in the Chesapeake Bay during
dredging and pipeline disposals (Flemer, 1970) and at an open-
water disposal operation offshore of Pearl Harbor, Hawaii (Chave

and Miller, 1983).

SAND BUDGET
In the Lower Bay the natural sand floor appears to be
stable. A study of bathymetric surveys that were conducted over
a period in excess of 100 years shows minor shifts of the depth
contours but no major changes in the bathymetry outside of
dredged areas (Fray, 1969). Only small ripples‘have been
observed on the East and West Banks of the Lower Bay

(Bokuniewicz, et al., 1986). The major shoal structure at the
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mouth of the Bay, however, is in a dynamic equilibrium with major
sources of sand being supplied to the Bay primarily from the
littoral drift along both the New York and New Jersey shorelines
and a principal sink in Ambrose Channel.

Along the south shore of Long Island, the littoral transport
of sand from the east carries about 450,000 cubic yards per year:;
similarly littoral sand moves northward and up the coast of New
Jersey at a rate of about 493,000 cubic yards per year (Kastens,
et al., 1978). A small amount of sand may be provided by any
existing erosion of the shoreline around the Lower Bay itself but
this sediment is redistributed locally along the Staten Island
shore and it is very unlikely that it participates substantially
in the sediment budget around the bay mouth. More sand may be
supplied directly to the Lower Bay from the Atlantic shelf. An
onshore supply of sand has been postulated along Long Island’s
south shore to account for increases in the magnitude of the
longshore drift of sand along Long Island (McCormick and Toscano,
1980: Research Planning Institute, Inc., 1985; Niedoroda et al.,
1985; and Williams and Meisburger, 1987). Where any offshore
sand supply reaches the beach along either the Long Island or New
Jersey shore, it is incorporated into the longshore littoral '
transport and included in the above figure. Some of the onshore
supply from the shelf, however may enter the Harbor directly.
Underwater sand waves have been found on the floor of Ambrose
Channel indicating a transport of sand landwardly along the
channel (Coch and Bokuniewicz, 1985). The strength of this

source is unknown, but the amount is probably small. Although
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detailed information on sand waves in the channel is not
available, in other estuarine locations, sand waves represent a
transport of sand at rates between 0.08 and 0.50 cubic meters of

sand per meter of wave crest per day:

Location Trangport Rate Citation
m~/m/day
St. Andrews Bay, FL 0.01 Salsman, et al., 1966
Warts Bank, Isle of Man 0.50 Jones, et al., 1965
North Sea I Terwindt, 1971
Chesapeake Bay 0.25 Ludwick, 1972
Long Island Sound 0.08 Bokuniewicz, et al., 1977

Such rates in Ambrose Channel would correspond to a total
transport of between 22,000 and 129,000 cubic yards of sand per
year. The total supply from all sources, therefore, could be as
high as 1,072,000 cubic yards per year. ©Once in the channel the
sand supplied is effectively removed from the littoral system.

An average of 834,000 cubic yards of sand is dredged annually
from Ambrose Channel (Schubel and Summers, 1985); in other words,
with allowance for uncertainties in the estimates, all the sand
that enters the channel presently is trapped there and removed by
dredges.

In the immediate vicinity of the proposed pipeline crossing,
Malcolm Pirnie, Inc. (1983) estimated that 8,300 cubic yards of
sand enter the channel from the south annually while 20,700
cubic yards enter from the north. The rates and routes of sand
transport near the mouth of the harbor are complicated, however,

(Gadd, et al., 1978) and they have not been studied. Along the
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Bight’s coast, intense sand transport by waves is limited to

water less than 21.5 feet deep although it can occur in water
depths up to 82 feet (Hallenmeier, 1981). Where a trench for a
pipeline was cut in sand in less than 21.5 feet of water, it
would be reasonable to expect refilling and regrading of the sea
floor by waves in a relative short time (1 yr). In deeper water,
sand transport by a combination of waves and tides should be
expected but the rate of transport would be more episodic and the
ability of these agents to refill a trench and regrade the sea
floor considerably less. In the muddy sediments of Raritan and
Sandy Hook Bays, the deposition rate is probably less than a
millimeter per year and resuspension is limited to the upper few
millimeters of the sediment surface. Fine-grained sediment with
a high water content would be expected to accumulate in a dredged
trench rapidly (about 10 cm/yr) but sidecasted, dredged sediment
would probably not regrade naturally. Thére are no reports of
documented areas of natural scour, but the Swash Channel might be

candidate.

OTHER ACTIVITY

Over 9,000 vessels transit the Ambrose Channel each year and
the Channel is dredged more-or-less continuously. In the past
few years, the company dredging the Channel in New Jersey waters
has‘been recovering the sand for fill and construction aggregate
and is requesting permission to deepen the Channel to -67 feet
(except over the existing pipeline crossing). New York State is
considering similar mining activity on the East Bank and a depth

limit of -90 feet is being considered. Plans for creating a
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deeper water port in New York for coal trans-shipment, naval use,

or increased cargo capacity had called for a 100 foot controlling
depth for the channel. Although these plans are no longer being
actively pursued, they could be revived with changing
circumstances.

The Corps of Engineers also removes sand occasionally for
beach renourishment and a large project is expected at Coney
Island. With the exception of the mining operation in Ambrose
Channel, these other activities are not planned along the
pipeline route. Because of the weather conditions, sand dredging
in the channel is usually done near the proposed route south of
the existing pipeline crossing in the winter and farther offshore
in the summer.

Fishing activity is summarized in Figures 10 to 12 (Figley,
1984). The proposed path will not cross the fishing grounds for
sea bass, tautog, porgy, spot, winter floﬁnder, crab, eel; in the
Bay, however, will transverse recreational fishing grounds for
striped bass, summer flounder, bluefish, and weakfish, and the
commercial fishing areas for blue crab, and some areas
historically used for pound netting. On the shelf, the route
will cross a small part of the extensive coastal sport fishery
for striped bass, whiting and red hake, black sea bass, weakfish,
bluefish, taugog, fluke and the commercial fishery for bluefish
and weakfish, fluke, whiting and red hake, menhaden, and clams
(Figures 13-24).

Porgy, sea bass and summer flounder are probably the most
important species. Although catches vary from year-to-year,

porgy catches tend to remain important year-round; sea bass in
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mid-summer and summer flounder in mid-to-late summer. Bluefish

catches are usually high in the late summer and early fall while,
striped bass tends to be a fall fishery. Although it is unlikely
that damaging turbidity would be generated during the placement
of the pipeline, if this was possible, or if the operation would
interfere with free navigation, care must be taken, of course, to
insure thatAthese fisheries would not be impacted.

Some Recommendations

1. Additional cores and borings along the route would be helpful
to (a) locate the postulated, buried valley of the ancestral
Raritan River and (b) identify layers bounded by acoustic
horizons on the shelf.

2. Side scan records along the route would be helpful in
describing the nature of sediment transport although a
determination of the rates and routes of fransport would require
a substantially more extensive effort.

3. In Raritan and Sandy Hook Bays, a dredged trench will
probably have to be backfilled artificially and it is unlikely
that the sea floor will regrade itself naturally there. The
extent to which the operation changes the texture of the bay
floor may change benthic habitats and should be discussed with
agencies responsible for living marine resources.

4. The impact of excess turbidity on shellfish beds in Raritan
and Sandy Hook Bays may deserve more attention. Although any
significant impacts on the fisheries seems unlikely, care must,
of course, be taken to avoid conflicts with the fishing

interests.
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Sport Fisheries: Striped Bass
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74°00

74°00°
Source: Long and Figley (1982)

Nautical Miles

Remote Sensing & Spatial Analysis
Geol/Geog Dept., Hunter College CUNY

40°30’

Figure 14



Sport Fisheries: Black Sea Bass
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Sport Fisheries: Weakfish
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Sport Fisheries: Bluefish
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spert Fisheries: Fluke
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Commercial Fisheries: Fluke
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Commercial Fisheries: Whiting & Red Hake
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Commercial Fisheries: Menhaden
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Commercial Fisheries: Surf
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