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NEW YORK HARBOR CIRCULATION SURVEY
David R. Browne and Gary Dingle

; Circulation Section
Estuarine and Ocean Physics Branch
Ocean Requirements and Data Analysis Division
Office of Oceanography and Marine Services
National Ocean Service
National Oceanic and Atmospheric Adm1n1strat1on
Rockville, Maryland

ABSTRACT

The National Ocean Service conducted a circulation survey in the New York
Harbor complex from August 1980 to June 1981. The survey area included the
Lower Bay, Raritan Bay, Arthur Kill, entrance to Newark Bay, Kill Van Kull,
Upper Bay, Lower Hudson River, and the East River connecting the Upper Bay to
Long Island sound. Extensive measurements were made of currents, tides, water
temperature and salinity and atmospheric parameters: wind speed and direction,
air pressure, and air temperature. This report provides relevant information
about those measurements as well as the survey in general. The location and
dates of current and tide data collected prior to this survey are also
provided. ,



INTRODUCTION
The Circulation Survey

A circulation survey consists of the acquisition of various physical data
from which a description of water movement can be deduced. Specifically, it
includes the measurement of currents, tides, the temperature and salinity of
the water, and various atmospheric parameters, such as wind speed and direc-
‘tion, barometric pressure, and air temperature. These measurements are made
at selected locations and depths in order to obtain a reasonab]y complete
three-dimensional description of these properties.

The currents measured are the horizonta] water movements resulting from
the periodic astronomic tide-producing forces, as well as from winds, density
differences, and river runoff. The measured tides are simply the periodic
vertical water movement resulting from the same astronomic forces, with some
movement also caused by atmospheric pressure, winds, and river runoff. The
salinity and temperature measurements are used to determine the density
structure of the water masses, which can have significant effects on the
currents as well as on mixing and dispersion processes. The atmospheric

“measurements are necessary to correlate the nontidal water movements with
their causes such as strong onshore winds and/or varying atmospheric pres-
sures.

There are many benefits derived from the knowledge of water movement in
~the New York Harbor. The current data obtained from the survey will primarily
serve to make navigation safer for commercial and pleasure vessels. However,
movement of the water could be predicted in case of oil spills or when
knowledge of pollutant transport is desired.

; ‘Safe navigation also requires tidal predictions based on accurate tide
data. From the tide data obtained in this survey, tidal datums can be cal-
culated, which are useful in marine boundary delineations, determining land
subsidence or emergence, and aiding in:shoreline control for ecological
purposes. Coastal zone management and coastal and marine engineering make use
of both tide and current data. The data from this survey will also be avail-
able for oceanographic research and as input into various numerical hydro-
dynamic models.

Purpose of Report

The purpose of this report is to make scientific, engineering, com-
mercial, and management concerns (public and private) aware of the existence
and extent of these data collected in the New York Harbor complex. In reading
this report, the potentia] user will be given the pertinent details of the
data such as the location of stations, time periods of observations, the
qua11ty of data, the sampling rate, the instrumentation used, and the proc-
essing done on the data. A chapter summarizing the current and tide data
collected by the National Ocean Serv1ce (NOS) pr1or to the 1980-1981 survey is
also included in this report

: ‘These data can be obtained from the National Oceanographic Data Center,
Page Building 1, 2001 Wisconsin Avenue, N.W., Washington, D. C. 20235.



Survey Area and Purpose of Survey -

The New York Harbor complex is one of the busiest ports in the world.
Ship traffic in and out of the port has been so heavy that in July 1977, the
United States and the Intergovernmental Maritime Consultative Organization
established six sea lanes, three each way for port traffic control. Concern
for safe navigation had prompted the Port Authority of New York to request
that the NOS conduct a circulation survey in the New York Harbor area. This
concern was given high priority in planning the survey. Consideration was
also given to the Hudson-Raritan Estuary Project (HREP), whose purpose is to
provide recommendations for the rehabilitation of that polluted estuary.

The survey area consists of the Lower Bay, Raritan Bay, Arthur Kill,
entrance to Newark Bay, Kill Van Kull, Upper New York Bay, Hudson River to two
miles north of Harlem River entrance, Har]em River, and the East River from
the Upper Bay to the Entrance of Long Island Sound. See figure 1.

Details of the New York Harbor Circulation Survey

The survey consisted of two major observation periods: from August to
November of 1980 and March to June of 1981. The survey was designated by the
NOS codes OPR-B804-FE-80 and OPR-B804-FE-81. The 1980 survey covered the
Lower Bay, Arthur Kill, Kill Van Kull, entrance to Newark Bay, and the
Narrows. The 1981 survey covered the Raritan Bay, the Upper Bay, the Hudson
River, to two miles north of the Harlem River entrance, the Harlem River, and
the entire East River,

The effort for each sbrvey year is as follows:

Number of Number of Number of

‘ ‘Current Stations  *Tide Stations CTD Station
Survey Year Dates Deployed Installed Casts
1980 Aug. -Nov. 32 9 25
1981 Mar.-dJune. 42 19 43

The survey data were taken by the NOAA Ship FERREL under the command of
Cdr. John Callahan, Jr. The FERREL is a 133 foot Class IV vessel with a
- maximum draft of 8 feet and a cruising speed of 10 knots. In June of 1968, it
was equipped and commissioned to conduct circulatory survey operations on the
East Coast estuaries of the United States. The FERREL's home port is Norfolk,
Virginia; it has a complement of 5 commissioned officers and 14 crew members, -
and has a wet oceanographic laboratory of 40 square feet and electron1cs
1aboratory of 500 square feet.

The FERREL collected current data, conductivity, temperature, and depth
(CTD) data, tide data, and meteorological data. The first three data sets are
described in later chapters The meteorological data were recorded by two

* This number includes primary tide stations that were installed prior to
the survey.



Aanderaa meteorological stations designed with their own internal. power supply
for operation at remote locations. Information on the details regarding these
data may be obtained by contacting NOS. :
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CURRENT DATA
urrent Stations

The Tocations of current stations occupied in the 1980 and 1981 surveys
are shown in figures 7 through 14. Information on each station such as
latitude, longitude, data quality, etc., is given in tables 1 and 2. All
current stations were deployed for a minimum of 15 days; a few were deployed
for 30 days or longer. Several stations were occupied during both survey
years. Scheduling was based on the desire for simultaneous observations
within the constraints of field logistics. The relative time periods of
station occupancy for the 1980 and 1981 surveys are depicted graphically in
figures 5 and 6.

Instrumentation

The current meter used was a Grundy Model 9021 G current meter which
records on a 3-inch diameter, i-inch wide magnetic tape in 10-bit binary code:
the meter serial number, current direction, current speed, temperature, sample
count or time in hours and minutes, conductivity, and for some meters, depth.
The instrument is rated at the 2000-meter depth. Refer to figures 2 and 3.

The speed sensor is a Roberts-type rotor oriented into the current by a
relatively large tail fin. The speed is measured by the number of rotations
of the rotor averaged over a 10-minute sampling period. Current direction is
measured instantaneously at the end of the rotor count by comparing direction
with that of magnetic north from a gimballed magnetic compass. The tempera-
ture transducer is a platinum resistance thermometer exposed to the water.

The conductivity sensor is a transformer with the outside water acting as a
coupling link. The depth sensor is a bulk silicon bridge transducer with
temperature compensation. A continuously running crystal oscillator ensures
that the programming of sensors, sampling interval, and tape motor speed are
consistent throughout the deployment. The battery is a 12V DC sealed lead
storage battery. The meter has an acoustic telemetry output which allows
remote monitoring of performance. The uncertainty estimates for all
measurements taken including CTD and meteorological, as well as current
measurements, are given in the ESO technical report "Uncertainty Estimates for
Oceanographic and Meteorological Measurements - Tide and Tidal Current Survey-
New York Harbor - OPR-B804-FE-80 and 81, July 1980 to July 1981," published
March 1982. Copies can be obtained from NOS by sending a request to NOAA/NOS,
Director, Office of Oceanography and Marine Services, 6001 Executive
Boulevard, Rockville, Maryland 20852, '

The mooring, depicted in figure 4, is a taut-wire mooring system designed
to hold one to three meters on the cable. The major components are the
surface buoy with Tight, an umbilical 1ine, the subsurface buoy, a pinger, and
the main cable and anchor system. The meters are attached to asymmetrical
A-frames, which are then attached to the mooring cable. The meters are
situated on the cable such that the surface meter is 15 feet below the surface
and the bottom meter is 5 feet above the bottom. :



Data Processing

"Processing" in this context means transforming data recorded on magnetic
tape inside the Grundy current meter to a computer compatible form in engi-
neering units with all errors due to obvious mechan1ca1 or electronic failures
edited and timing checked for accuracy.

Using a Grundy Model 8321 Tape Translator, the 3-inch current meter tapes
were transcribed onto a nine-track computer compatible tape on board the ship,
which were then sent to NOS, Rockville, along with the station logs and other
materials necessary for processing. A two-phase processing scheme was then
carried out on the data using software written for the UNIVAC 1100 computer.
This procedure converted Grundy instrument units into engineering units,
assigned correct times to the data points after a careful time-checking
procedure was carried out in the time series, and performed a Wiener-type
predictor statistical editing routine to e11m1nate outlying data values due to
mechanical or electronic meter malfunctions. The data time series were then
plotted on 35 mm microfilm.

These data were stored in compact form at NOS and were also sent to the
National 0ceanograph1c Data Center for further dissemination. Analysis
results will appear in future editions of the Tidal Current Tables, Atlantic
Coast of North America, from which current pred1ct1ons will be obta1nab1e for
these current station 1ocat1ons A proposed new series of Tidal Current
Charts for New York Harbor will also graphically display current flow in the
survey area for each hour of a mean tidal current cycle. Other analyses of
these data are and will be carried out, such as spectral analyses, nonharmonic
comparison analyses, and the correlat1on of the Tower frequency currents with
wind and other nontidal factors.
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PERIODS OF OCCUPATION

November October September August

!llllllllllllll llllllll|llllllll|lllll|llll||llllIlllllllllll

L

1t b 1 1T 1T 1T 1

|
10 11 12 14 15 17 21 23 24 25 26 27 28 29 30 31 32 33 34 35 36

I

— O

—
— <
— ™

p— N

Lllllllllllllll ppptrt e e L U L L L L L

November October September August

10

CURRENT STATION NUMBERS

Figure 5.--Periods of Occupation for Current Stations During the 1980 Szmvéy.



PERIODS OF OCCUPATION

March

Aprit

May

- June

‘hoaang [T oy3 buzang suorqvis FuLAAN) Jdof uorgpdnoog fo sporasg--'9 sanbirg

. SHIAWNN NOILVLS IN3¥HND

99 G9 Y9 E9 C9 19 09 65 B8G LS 95 SG PSES ZS 1SS0S 6V 8P LY OV SY PP €V ZP LY OV 6£8E LE 9ESE OE TT 0C 61 81 L} ow. €l

I W NN DUV N TN U N N S 0 I S P

| N N Y N N N N U O Y S |

|

1

1

| T TS I |

L1

| ;_ |

____

May April March

June

11



*1.
*2;
*3.

*4,
*5.

KEY TO TABLES

Number indicates depth below surface at mean low water.

- Days of Data are days of useable data.

Speed Sensor (rotor)
Direction Sensor (vane)
Temperature Sensor ‘
Conductivity Sensor
‘Pressure Sensor

ooOo-<HoWnm
non o non

Proc. Comp. = Processing Completed

T.CH. = Data Time Checks

12.
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CONDUCTIVITY AND TEMPERATURE DATA
Instrumentation

: The temperature and conductivity sensors of the Grundy 9021 G current
meter provide a time series of measurements of these parameters at each
station meter depth. The sampling rate is every 10 minutes, the same as that
for speed and direction. The period of observation and quality of these
measurements are g1ven in tables 1 and 2.

The Grundy Model 9400 CTD profiling system was used to make incremented
measurements of conductivity and temperature with depth giving values for the
entire vertical water column. This unit is lowered and raised in the water
column at a rate of 50 ft./min. The 9400 CTD unit uses a platinum resistance
thermometer to sense temperature, an inductive transformer to sense conductiv-
ity, and bonded strain gage to sense pressure. The outputs from the sensors
are transmitted via a single conductor cable to the Grundy Model 8400 data
logger on board ship. The data logger processes the data which are then
recorded on 9-track magnetic tape by a Kennedy Model 9800 tape recorder. The
CTD data are forwarded to NOS in this form for further processing. This tape,
when listed on paper output on the PDP 11 minicomputer, gives header informa-
tion and data in the form of depth, conductivity, and temperature. Further
processing of data gives salinity, which is calculated from temperature and
conductivity, and Sigma-T, calculated from salinity and temperature.

CTD Stations

The Grundy 9400 CTD unit was used for long period observations at a few
single station sites, CTD observations at stations forming a linear transect,
and single casts at single station sites. Refer to figures 15 through 22 for
the location of current meter sites that serve as sites for CTD measurements.
Refer to tables 1 and 2 to obtain the meter depths and .current meter CTD
measurements. Refer to tables 3 through 8 to obtain the relevant information
regarding the long period measurements labled "TS", the transect measurements
labled "ST", and the single station casts labled ngn,

The few long period stations consisted of CTD casts made at half-hour
intervals over 13-hour or 25-hour periods. These measurements were taken in
order to see the change in density structure over one or two tidal cycles.

Additional stations were part of a transect, i.e., a series of casts were
taken in quick succession to determine the cross-sectional or longitudinal
density structure.

Single station casts were taken once or twice at many station sites
during slack before ebb or slack before flood.
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Figure 15.--CID Cast Locations for Casts Taken During 1980 Survey.
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Figure 17.--CTD Cast Locations for Casts Taken During the 1981 Survey.
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Figure 18.--CID Cast Locations for Casts Taken During the 1981 Survey.
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Figure 21.--CTD Cast Locations for Casts Taken During the 1981 Survey.
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TIDE DATA
Tide Stations

The Tocations of tide gages occupied during the 1980-1981 periods of
observation of this survey are shown in figures 23 through 27. Tables 10
and 11 give relevant information about each tide station including: latitude
and lTongitude, dates of occupation, type of gage, stage of processing accom-:
plished, and comments on data quality. Al1 stations were occupied for at
least 30 days, and some were in for one or more years. The shorter period
tide stations were usually installed s1mu1taneously with nearby current
stations.

Tide gages were installed by the NOAA Ship FERREL. Before a tide gage
was installed, a reconnaissance of the proposed site was carried out to deter-
mine the availability of structures for the gage, water depths, the recovery
~ of .old bench marks, and possible sites for new bench marks. During installa-
tion differential levels were run from the tide staff to established bench
marks and, whenever possible, to the National Geodet1c Vertical Control

etwork. : . ; ,

Instrumentation, Processing,‘and Analysis

‘The National Ocean Service used two types of tide gages during this part
of the project: an ADR (Analog-Digital-Recorder) and a Bubbler (gas purged).
Table 9 gives specifications for these gages.

The ADR gage outputs samples every 6 minutes onto foil-backed paper tape,
which is processed using a mechanical translator and computers. The steps in
processing are generally: (1) putting the 6-minute samples onto computer-
compatible magnetic tape; (2) deriving hourly values from these (by picking
the nearest 6-minute value to the hour) and storing them on cards and tape and
~in tablulated form; and (3) tabulating high and low waters, various tidal
datums (e.g., mean high water, mean low water, and mean sea level), and other
relevant parameters. \

The Bubbler gage produces a continuous analog plot on a 6-inch strip
chart. Resolution is not as good as with the ADR and generally only high and
low waters and various tidal datums are tabulated. Hourly values are some-
times determined for special needs using a Bubbler marigram scanner, which
digitizes the data at visually selected points.

Processed monthly tabulations (high and low waters and tidal datums) from
each station are verified as to staff-marigram relationship, and equivalent
19-year mean values are computed through simultaneous comparison with the
appropriate tide control station. Tidal bench mark elevations are established
by referencing these bench marks to the computed tidal datums. New elevations
for historical bench marks are used to check any vertical land movement that
may have occurred. The relationships between tidal datums and the National
Geodetic Vertical Control Network are also computed when level connections can -
be made to geodetic bench marks.
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Tide data are further analyzed using: (1) 29-day Fourier harmonic
analyses; (2) least-squares harmonic analyses (for 1l-year series); (3) non-
harmonic comparison analyses relating a short period station to a longer
period control station; (4) various filtering and spectral techniques; and
(5) FR80 microfilm plotting. The harmonic constants obtained from item (2)
can be used to make predictions for table 1 of the Tide Tables, East Coast of

North and South America including Greenland. Results from items (1), (2), and
(3) can be used in table 2 of this same publication.
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Table 9.-- Tide Gage Specifications

Bubbler (Gas Purged)

Manufacturer: Bristol :

Range: 0-10 feet to 0-50 feet

Precision: 1 percent of full scale

Recorder: 6-inch strip chart

Record Format: Analog, curvilinear

Sampling Rate: Continuous

Duration: Chart - 1 month

L Chart drive, spring wound - 8 days

- Processing: Visual ‘ .

Mode of Operation: Compressed nitrogen is purged through the system,
actuating a pressure-sensitive element, which
measures water level fluctuations. . '

ADR (Analog - Digital Recorder)

Manufacturer: Fischer - Porter
Range: 0-99.99 feet :
Precision: + 1/2 binary count
Recorder: Foil-backed paper tape (punch)
Record Format: Binary - decimal code
Sampling Rate: 6-minute intervals
Duration: Chart - 3 months

~ Chart drive, battery - 3 months
Processing: Mechanical translator
- Mode of operation: Float movement is translated into binary code and
‘ recorded on paper tape.
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Figure 23.--Tide Stations Installed During the 1980 Survey.
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HISTORICAL DATA
Introduction

The NOS was established in 1807 and was formerly known as the U.S. Coast
and Geodetic Survey up until the beginning of the last decade. Since its
inception, a large quantity of tide and current data have been acquired. The.
New York Harbor has been a major port well over the last century and therefore
has received a good share of attention from this agency. For the most part,
NOS's historical current data are relatively recent compared to historical
tide data in this area. The tide measurements were first taken in 1836,
whereas, current measurements of any significance began in the 1920's.

Current Data

Please refer to table 12 which gives a summary of current data collected
by NOS before 1958. The reader can see that there was very little data
collected in the 100 years between 1858 and 1957. The usual method of obser-
vation was by surface pole. '

: ‘The most intensive surveys prior to 1980 were the 1958 and 1959 surveys
headed by Cdr. Philip A. Weber and Cdr. Raymond M. Stone. The instrument used
in both surveys was the Roberts Radio Current Meter. Refer to table 13 for
station locations, meter depths and duration of data. Information concerning
these methods of current measurements can be found in Manual of Current
Observations, U.S. Coast and Geodetic Survey, S.P. 215, 1950. Predictions and
mean values for some of these historical current stations can be found in
Tidal Current Tables, Atlantic Coast of North America, published by NOS.

The s1gn1f1cant improvement of the 1980-1981 New York Survey over the
1958-1959 survey is at least twofold. One is the increased number of station
sites in the New York Harbor complex. ' The other is the increased duration of
observations for each meter. No one station was planned for less than 15 days
and a good number of stations were planned to record measurements for 30 days
or more. Any meter having ]ess data than this was due to e1ectr1ca1 or
mechanical failure. ‘

These data may be obtained: by writing NOAA/NOS, Director, Office of
Oceanography and Marine Services, 6001 Execut1ve Boulevard, Rockville,
Maryland 20852.

Tide Data

As one reviews table 14, it is obvious that the historical tide data in
this area are extensive. Tide data in the New York Harbor were first col-
lected in 1836. The number of stations was so great that the authors found it
necessary to begin the tabulation of stations with those that were occupied in
1930. These data series ran from 3 days to 30 years in length.

Various types of water-level measuring devices were used to obtain these
data. Descriptions of these devices can be found in Manual of Tide
~Observations, U.S. Coast and Geodetic Survey, Pub. 30-1, 1965, or in Tidal
Datum Planes, U.S. Coast and Geodetic Survey, S.P. 135, 1951. Predictions and
mean ranges for some of these historical tide stations can be found in Tide
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Tables, East Coast of North and South America Including Greenland, published
by NOS.

These data may be obta1ned by writing NOAA/NOS, Director, Office of
Oceanography and Marine Services, 6001 Executive Boulevard Rockv111e,
Maryland 20852.
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