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NEW YORK AND NEW JERSEY HARBOR NAVIGATION
STUDY

CHANNEL DESIGN APPENDIX

SECTION I: Background Information — Feasibility Study

Introduction

E1. Section I of this Appendix is from the Channel Design Appendix from the Feasibility
Study for the New York and New Jersey Harbor Navigation Study and is provided here
for background information. Section Il of this Appendix provides the additional
information gathered for the Limited Reevaluation Report (LRR) and documents the
revisions to the channel design since the completion of the Feasibility Report.

Existing Federal Channels
General

E2. The Harbor’s waterways are intensively used navigation channels for both
commercial and recreational vessels. The Corps of Engineers presently maintains about
240 miles of navigation channels within the port. Additional channels are also maintained
by the Port Authority of New York and New Jersey (PANYNJ), the City of New York,
and various commercial interests. Figure E1 shows the study area and the existing
navigation channels within the port. Those channels of interest to this study are described
in detail below.

Ambrose Channel

E3. Ambrose Channel is the entrance channel to New York Harbor. From the sea buoy to
the Narrows in the Lower Bay, Ambrose Channel extends 10.2 miles at a width of 2000
ft. Two bends in the channel, 27.6 and 23.4 degrees at mile 7.5 and 8.5, respectively,
align the channel from its approach course of 296 deg, 58’true into the Narrows.
Ambrose Channel is flanked by East Bank Shoal on the east and West Bank and Romer
Shoals on the west, all of which are approximately 10 to 15 ft deep. The authorized depth
is 45 ft mlw, but actual depths are greater in many locations due to commercial sand
mining. Traffic in Ambrose Channel is primarily two-way for deep draft vessels, with
occasional overtaking of one vessel by another in the same direction.

Anchorage Channel

E4. Anchorage Channel, 2000 ft in width, is the primary channel in the Upper Bay. It
links Ambrose Channel through the Narrows with Kill Van Kull and Port Jersey
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Channels and Stapleton Anchorage to the west, the Hudson River and East River
Channels to the north and Bay Ridge, Red Hook and Buttermilk Channels and Red Hook
Anchorages to the east. Virtually all vessel movements through the Harbor utilize
Anchorage Channel. The authorized depth is 45 ft, however the naturally scouring
portions in the Narrows have depths of up to 100 ft.

New York and New Jersey Channels

ES5. New York and New Jersey Channels is a 31mile long channel between Staten Island,
New York and New Jersey. The channel extends from the Anchorage Channel in the
Upper Bay to the Chapel Hill Channel in Sandy Hook Bay. This channel is comprised of
the Kill Van Kull, Arthur Kill and Raritan Bay Channels, as described in the paragraphs
below.

Kill Van Kull

E6. The Kill Van Kull is an 800 ft wide channel (with additional widenings in the bends,
2000 ft at entrance), approximately 5.3 miles in length that links the Upper Bay to the
east with Newark Bay and the Arthur Kill to the west. The Kill Van Kull is the segment
of the New York and New Jersey Channels along the north shore of Staten Island that
separates Staten Island, New York and Bayonne, New Jersey. The channel has 9 bends,
which range from 13.6 to 33.7 degrees. At the western limit, vessels entering Newark
Bay must negotiate a severe 126 degree bend at Bergen Point. Although authorized to 45
ft miw, the present depth is 40 ft. Traffic in Kill Van Kull is two-way, however post-
panamax vessels will choose optimum locations for passing where both vessels can
readily maneuver to the outer portions of the channel. Construction to deepen the channel
to 45 ft is currently underway, and is expected to be completed in 2004.

Newark Bay Channels

E7.The Newark Bay Channels are comprised of the Main Channel (South, Middle and
North Reaches) plus numerous access channels (South Elizabeth Channel, Elizabeth
Channel, Port Newark Pierhead Channel and Port Newark Channel). Together, these
channels service over 60 berths at the Port Newark/Elizabeth Marine Terminal on the
west shore of Newark Bay. The Main Channel varies in width from 800 ft opposite Port
Newark to 2200 ft in the Bergen Point Bend. In addition to providing access into Newark
Bay from the Kill VVan Kull, the Bergen Point Bend is also used as a turning basin for
containerships backing out of the Arthur Kill. A 1550-1830 ft combined
channel/maneuvering area opposite Port Elizabeth provides unrestricted access to the
Elizabeth Pierhead berths. Access channels vary in width from 290 ft at South Elizabeth
to 500 ft at Port Newark. With the exception of the bend at Bergen Point, traffic in the
Main Channel is two-way. Although the Bergen Point Bend was originally designed to
permit two way (deep + shallow) traffic, current practice indicates that smaller vessels
will hold, to allow unrestricted movement for deep draft vessels through the bend. Traffic
in the access channels is limited to one way. Construction to deepen Newark Bay
Channels from their current depth of 40 ft to 45 ft is currently underway, and scheduled
to be completed in 2004.
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Arthur Kill

E8. The Arthur Kill is a 13.2. mile segment of the New York and New Jersey Channels
along the west side of Staten Island which separates Staten Island, NY from Union and
Middlesex Counties, NJ. The reach under consideration for this study extends from
Newark Bay, where it connects with the Kill Van Kull and Newark Bay Channels, 2.4
miles to Howland Hook. The existing channel, with a depth of 35 ft, varies in width from
500 to 600 ft. There are two bends in the project reach: a 16 degree bend in the North of
Shooters Island Reach, and a 35 degree bend between the North of Shooters Island reach
and the Elizabeth port reach. Deep draft traffic in the project reach is essentially one way,
however in the straight portion of the North of Shooters Island reach, vessels
occasionally may pass in accordance with fair tide rules. Typically, tanker traffic is
inbound only, with light tankers departing southbound through Raritan Bay.
Containerships departing the Howland Hook Marine Terminal will back out of port, turn
at Bergen Point and proceed outbound through Kill Van Kull. Construction to deepen the
Arthur Kill to Howland Hook Reach to 41 ft (and 40 ft to GATX) and widening portions
to 800 ft is currently underway, and is expected to be completed to Tosco by 2005. The
remaining segment from Tosco to GATX may be deferred until GATX is reactivated.

Raritan Bay Channels

E9. The Raritan Bay portion of the New York and New Jersey Channels is a 12.5 mile
segment that connects the Arthur Kill at Perth Amboy to the Chapel Hill Channel in the
Lower Bay. The 35 ft deep channel, which varies in width from 600 to 800 ft, is outside
the limit of this study.

Port Jersey Channel

E10. The existing Port Jersey channel is a non-federal channel, approximately 35 ft
deep, which provides access to the Global Marine Terminal and the North East Auto
Terminal (NEAT) on the north and the Marine Ocean Terminal at Bayonne (MOTBY) to
the south. At the head of the channel there is a 1200 ft diameter turning basin. Within this
channel, the Port Authority of New York and New Jersey has constructed a 200 ft wide,
38 ft deep channel to Global Marine Terminal. Deep draft traffic in Port Jersey Channel
is one way. Smaller containerships turn in the turning basin; however, larger ships turn in
Anchorage Channel and back into port, or back out of port and turn in Anchorage
Channel, depending on which side of the ship is needed to face the berth. Construction is
currently under way to deepen Port Jersey Channel to 41 ft. The inner channel will be
370 ft wide. The entrance channel will flare out to 1500 ft where it ties into Anchorage
Channel. Construction of the 41 ft channel is currently underway. The first 2 contracts
are expected to be completed in 2006, the remaining segment, which includes the
deepening of a portion of the Jersey Flats, will be included in the consolidation with this
project.

W
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The Channel along New Jersey Pierhead Line

E11. The Channel along New Jersey Pierhead Line is a 3 mile long channel connecting
the Kill Van Kull with the Anchorage Channel south of Liberty Island. The 20 ft deep
channel is 500 ft wide, with additional widening to 800 ft at the bends.

Claremont Channel

E12. Claremont Channel is an existing non-federal channel, approximately 27 ft deep
and 300 ft wide, extending west from Anchorage Channel in the Upper Bay. Claremont
Channel provides access to the scrap metal facilities at Claremont Terminal.

Bay Ridge & Red Hook Channels

E13. Bay Ridge & Red Hook Channels is a 4 mile long channel adjacent to the South
Brooklyn waterfront. The Bay Ridge Channel, 40 ft deep, is 1200 ft wide from the
Narrows to Bay Ridge Ave (~1 mile), and 1750 ft wide from Bay Ridge Ave to the
junction with Red Hook Channel (~2 miles). Red Hook Channel is 1200 ft wide to the
junction with Buttermilk Channel (~1 mile). The widths in Bay Ridge Channel are
adequate to support vessels perpendicular to the channel maneuvering into the finger
piers along the Brooklyn waterfront with sufficient channel available to permit vessels to
pass. However, most of these piers are no longer in use and one way traffic would be
adequate.

Buttermilk Channel

E14. Buttermilk Channel is a 1000 ft wide channel, 2.3 miles long , that connects
Anchorage Channel to the East River through the waterway between Brooklyn and
Governors Island. The eastern 500 ft of the channel is 40 ft deep; the western 500 ft is 35
ft deep. Additional widenings at the junctions of the East River and Anchorage Channel
at a depth of 35 ft are provided for vessel maneuverability at the bends.

Red Hook Flats Anchorage

E15. Red Hook Flats Anchorages, immediately east of Anchorage Channel in the
Upper Bay, are comprised of 3 anchorage areas. Area 21A, a barge anchorage, is
restricted to vessels with a draft less than 12 ft. Area 21B, with a depth of 35 ft, is
restricted to vessels with a draft less than 34 ft. Area 21C, with a depth of 40 north of the
Con Hook Range and 45 ft south of the Con Hook Range, is restricted to vessels over 33
ft in draft.

Stapleton Anchorage

E16. Stapleton Anchorage, immediately west of Anchorage Channel in the Upper Bay,
is comprised of 3 anchorage areas. Area 23A is restricted to vessels less than 670 ft in
length. Area 23B is restricted to vessels greater than 670 in length. Area 24 is restricted
to vessels greater than 800 ft in length and 40 ft in draft. Actual depths in Stapleton range
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from 40 ft in the north (Area 23A) to over 70 ft near the VVerrazano-Narrows Bridge
(Area 24). Vessels may anchor in Stapleton Anchorages for no more than 48 hour.
Stapleton Anchorage is not a Federal Anchorage, and therefore is not maintained by the
Corps.

Gravesend Anchorage

E17. Gravesend Anchorage, located immediately east of Ambrose Channel, just south
of the Verrazano-Narrows Bridge in the Lower Bay, is an unrestricted anchorage area
with a depth of 47 ft. Being outside of the Upper Bay and subject to a more energetic
wave climate, as well as being farther from all port facilities, Gravesend Anchorage has
become the anchorage of last resort. It is only used if no anchorage space is available at
Red Hook Flats or Stapleton Anchorages in the Upper Bay.

E18. Table E1 summarizes the baseline data for the existing navigation channels and
anchorage areas.

Table E1
Existing Navigation Channels and Anchorage Areas
Channel Depth (ft mlw) Width, W/O Proj. (ft)
Max in
Bend/
Existing | W/O Project | Channel | Entrance
Ambrose 45 Same as exist | 2000 2000
Anchorage 45 Same 2000 2000
Kill Van Kull 40 45 800 2000
Newark Bay Main 40 45 800 2200
(South & Middle Reach)
NB Port Elizabeth Channels | 40 45 290-500 800
NB Port Newark Channels 40 Same 290-500 800
Arthur Kill to Gulfport 35 41/40 500-800 | 800
AK Gulfport to Perth 35 Same 500 — 800
Amboy 600
Bay Ridge and Red Hook 40 Same 1200- 1750
1750
Buttermilk 35/40 Same 1000 2100
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Table E1
Existing Navigation Channels and Anchorage Areas

Channel Depth (ft mlw) Width, W/O Proj. (ft)
Max in
Bend/

Existing | W/O Project | Channel | Entrance

Port Jersey 38 41 370 1500

Claremont 27 Same 300 600

NJ Pierhead 20 Same 500 800

Red Hook Anchorage 35/40/45 | Same

Gravesend Anchorage 47 Same

Stapleton Anchorage 40-70 Same

PHYSICAL CONDITIONS

Climate

E19. New York Harbor has a predominantly continental climate of warm summers and
cool winters with some maritime influence. This results in frequent short-term
meteorological changes. Southeast winds, often in the form of local sea breezes, have a
moderating effect on temperature, particularly during the spring and summer months.

E20. General climatic conditions in New York Harbor are described herein from
National Weather Service surface observations at nearby Newark Airport. They are based
upon 68 years of records as summarized in the NOAA National Climatic Data Center —
Local Climatological Data Annual Summary. Predominating winds are from the
Southwest. Winds from the Southwest are prevalent from May to December; winds from
the Northwest are prevalent from January to April. The average annual wind speed is
10.2 mph, with calm winds occurring 2.9% of the time.

E21. The mean annual temperature is 54.1 degrees F, with the maximum extreme of
105 degrees F occurring in July 1993, and minimum extreme of —8 degrees F occurring
in January 1985. Temperatures of 90 degrees F and above occur, on the average, of 23
days/year, while temperatures of 0 degrees or less occur less than 1 day/year. The
average relative humidity measures 64%.

E22. The average annual precipitation is about 43 inches/year and is distributed equally
throughout the year. The mean average snowfall is 27.4 inches/year. Snowfall of 1 inch
or more occurs on about 7 days/year. Occurrences of light freezing rain and drizzle
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average a total of about 6.9 and 7.2 days/year, respectively. Heavy fog occurs on the
average of 16 days/year.

Tides

E23. The tide in New York Harbor is semi-diurnal, with a period of approximately 12.4
hours. In each tidal day of 24.8 hours, two high tides and two low tides occur, with one of
the high tides higher than the other. The mean tide range at the Battery is 4.56 ft, the
spring tide range is 5.52 ft. The highest observed tide at the Battery was 10.23 ft above
mlw, occurring on 9/12/60 (Hurricane Donna). The lowest observed tide level was —4.07
ft mlw, occurring on 2/2/76. The plane of mean low water (mlw) is 1.66 ft below the
National Geodetic Vertical Datum (NGVD) 1929; mean lower low water (mlw) is 1.88 ft
below NGVD. Tide ranges at various locations through out New York Harbor and their
relative time differences, extracted from the NOAA-NOS Tide Tables 1999, are provided
in Table E2 below.

Currents

E24. Tidal currents in New York Harbor are moderate, with average maximum flood
currents ranging from 0.6 to 1.8 knots, and average maximum ebb currents ranging from
0.4 to 2.3 knots. At the Narrows, ebb currents are typically stronger than flood currents,
with a maximum ebb current of 2.7 knots coinciding with spring tide. At Bergen Point,
flood currents are typically

Table E2
Tide Data
Time Difference
Tide Range (ft) (h:mm)
High Low
Location Mean Spring Water Water
The Battery 4.56 5.52 0 0
Ft. Hamilton/ | 4.7 5.7 -0:26 -0:22
The Narrows
Bayonne Br/ | 5.0 6.05 -0:07 +0:05
Bergen Point
Port Newark | 5.1 6.1 +0:03 +0:21
Sandy Hook | 4.66 5.60 -0:28 -0:29
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stronger than ebb, with the maximum flood currents of up to 2.6 knots coinciding with
spring tide. High water slack tide at the Narrows occurs approximately 1.5 hours after
high water at the Battery; high water slack tide at Bergen Point occurs approximately 1
hour before high tide at the Battery. The currents at Ambrose Light are weak, averaging
0.2 knots. Extracted from the NOAA-NOS Tidal Current Tables 1999, tidal currents at
various other locations through out New York Harbor and their relative time differences
are provided in Table E3 below.

Salinity

E25. Seasonal salinity variations within the New York Harbor estuary are primarily a
function of the variation in the fresh water discharges of the Hudson River (and Passaic
and Hackensack Rivers to a lesser extent), with the lower salinity levels in the spring and
summer correlating directly with the high spring runoff. The harbor can be considered
well mixed with bottom levels slightly higher than surface concentrations. Salinity
concentrations can vary by several parts per thousand (ppt) throughout the tidal cycle.

E26. Inthe Upper Bay, typical salinity concentration of 25 - 28 ppt occur during low
flow conditions and drop to 20 — 25 ppt during periods of higher freshwater discharges.
Within the Arthur Kill, salinity levels range from a low of 12 ppt to a high of 20 ppt.

Table E3
Current Data

Ave Max Current (knots) Time Difference (h:mm)

Location Flood Ebb Flood Ebb
Ambrose Chan. @ 1.6 1.7 -1:10 -0:07
Transect

The Narrows 1.7 2.0 0 0
Anchorage Chan. 1.3 2.3 1:06 0:52
Near Red Hook

Bergen Point @ 1.8 1.4 -2:13 -1:44
Bayonne Bridge

Kill Van Kull @ 1.3 1.9 -2:08 -1:43
Con. Hook

Arthur Kill @ 1.4 1.1 -0:09 +0:04
Elizabethport

NewarkBay @ South | 0.7 0.7 -1:45 -1:06
Reach
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Sedimentation
Sources

E27. Sedimentation within Ambrose Channel is caused primarily by offshore wave
energy, which produces the westward littoral transport of sand along the south shore of
Long Island as well as the northward littoral transport along the New Jersey shore and
Sandy Hook. This wave energy also results in the movement of sand across the East
Bank Shoal on the east side of Ambrose Channel and Romer Shoal south west of
Ambrose Channel, which deposits into Ambrose Channel.

E28. Estuarine sediments within New York Harbor have a variety of sources. For the
interior channels within the New York Harbor estuary, the primary sources of sediment
are the Hudson, Passaic and Hackensack Rivers as well as other tributary rivers, and
wastewater discharges from combined sewer outfalls (CSO’s) and storm sewers. To a
lesser extent, the resuspension of bottom sediments and local runoff contribute sediment
as well.

Rates

E29. Sedimentation rates were developed from the New York District navigation
channel maintenance dredging records. The dredging records include dates, pay
quantities dredged, and locations for both maintenance dredging and new work
construction for most of the channels within the Port. Typically, the time period for the
analyses began with the most recent new work construction, since any shoaling rates
prior to that time would not be applicable to the current channel configuration. The
average maintenance rate was determined by dividing the total volume of maintenance
material removed by the number of years between the last maintenance operation and the
last new work construction. Historically, the pay yardage (the material within the channel
prism plus paid overdepth) was recorded rather than gross yardage (total material
removed). (Most recent records include both pay and gross volumes). Utilizing the gross
yardage in the analyses would better predict the actual sedimentation rate. However, the
pay yardage was used since it is more suited for determining the cost of the channel
maintenance, and with that, the increased channel maintenance cost due to the channel
deepening.

E30. Ambrose Channel was last improved in 1952. Between 1952 and 1984, 20
separate maintenance operations were performed, resulting in an average annual
maintenance rate of approximately 400,000 cy/yr. Since 1984, sand mining within or
adjacent to Ambrose Channel has eliminated the need for maintenance dredging.
Currently there are approximately 371,000 CY of maintenance material within the
channel prism.

E31. Anchorage Channel was last improved in 1953. Between 1953 and 1973, 4
separate maintenance operations resulted in an average maintenance rate of 22,000 cy/yr.
for that time period. Anchorage channel has not required maintenance dredging since
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1973. Currently there are approximately 12,000 CY of maintenance material within the
channel prism.

E32. Kill Van Kull was last improved in 1994 when it was deepened to 40 ft. Since that
time, no maintenance dredging has been performed. However, in 1997, a reprofiling
operation leveled approximately 4,000 CY. (Reprofiling consists of dragging a heavy
beam over the channel bottom to eliminate high shoals).

E33. Newark Bay was last improved in 1990, when it was deepened to 40 ft. Since that
time, two maintenance operations have occurred. In 1997, 205,000 CY were removed
from the South Elizabeth and Elizabeth Pierhead Channels, and in 1998, 416,000 CY
were removed from the Elizabethport Channel. This results in an average shoaling rate of
78,000 cylyr.

E34. Arthur Kill (N. Shooters Is to Gulfport) was last improved in 1962. The Shooters
Island Dike was rehabilitated in 1964. Since that time, there have been 6 maintenance
operations in the North of Shooters Island Reach, resulting in an average shoaling rate of
82,000 cy/yr. The Elizabethport and Gulfport reach was maintained in 1984 and then
most recently in 1999, resulting in an average shoaling rate of approximately 5000 cy/yr.

E35. Bay Ridge and Red Hook Channels were last improved in the 1940’s. Since 1960,
there have been 27 maintenance operations, resulting in an average annual maintenance
rate of approximately 520,000 cy/yr.

E36. Port Jersey Channel is not a Federal Channel. A 200 ft wide channel was
deepened to 38 ft by the locals in 1998. The base condition of Port Jersey Channel is
assumed to be the 41 ft channel as proposed in the 1992 GDM. Prior to the last
deepening, sedimentation rates for the 35 ft channel were calculated to be .15 in/yr. The
GDM predicted a sedimentation rate of .21 in/yr. for the 41 ft channel, which would
result in a maintenance rate of approximately 58,000 cy/yr.

E37. Claremont Channel is not a Federal Channel. No historic dredging records are
available. The 1992 GDM predicted a sedimentation rate of .16 in/yr. for the existing
channel, which would result in a maintenance rate of approximately 25,000 cy/yr.

E38. NJ Pierhead Channel was last improved in 1961. The channel was maintained in
1964 and 1973, resulting in an average maintenance rate of 40,000 cy/yr. for that time
period. The NJ Pierhead Channel has not been maintained since 1973.

E39. Bay Ridge Flats Anchorage was last improved in 1975. Since that time, there
have been 8 maintenance operations resulting in an average maintenance rate of 145,000

cylyr.

E40. Gravesend Anchorage was last improved in 1984. Since that time, there have
been 4 maintenance operations resulting in an average maintenance rate of 28,000 cy/yr.
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E41. Table E4 contains a summary of maintenance requirements for the various
channels within the Port. Greater confidence should be placed on the maintenance rates
for those channels where long term dredging records over multiple dredging operations at
the existing depths are available, such as Ambrose Channel, Bay Ridge Channel, Red
Hook Flats Anchorage. The long term averages tends to eliminate the fluctuation in
computed maintenance rates resulting from the inconsistencies in spatial extent and
overdepth dredging in each maintenance operation. Short term rates developed from one
or two maintenance operations will not be as accurate as long term rates for many
reasons. A single maintenance operation that removes material from only a portion of the
channel will not include material that may have shoaled in the remainder of the channel
but is still below project depth. Also, the volume of overdepth material a dredging
contractor removes may vary, resulting in different post maintenance and post new
construction depths. Statistically, longer periods of record and more data are always
preferred when developing long term trends.

E42. As can be seen in the summary table, the short term rates for the Kill Van Kull
and Newark Bay do not agree well with the published information from the GDM. This
may be due to the fact that portions of the Kill Van Kull and Newark Bay channels were
constructed in rock or hard material that provided an additional 2 ft of safety clearance
(down to —42 MLW). These channels would only require maintenance if they shoaled in
above project depth (-40 MLW), allowing two ft of accumulation. In the short time frame
since the new work construction was completed, this accumulated 