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to find ways to decrease the time step by applying, e.g., both
an explicit and an implicit method simultaneously for solution
of the equations. Further reports will be forthcoming in this
subject as well as on the comparison of various methods on
computational application of hydrodynamical methods.



2. SINGLE-LAYERs» LARGE GRID SIZE MODEL FOR
NEW YORK BIGHT AND LONG ISLAND SOUND

2.1 INPUTS INTO THE MODEL

The grid net for the Targe scale New York Bight model
and the locations of special output points and sections are
shown in Figure 1. This model was run with two open bound-
aries. The area was predetermined and the grid net selected
so that the model could be run on CDC 7600 computer without
large core memory. The grid size thus became 6.556 km and the
corresponding time step dictated by stability criterium was
30 sec.

Each input of tide was made with four tidal constituents.
The tidal amplitudes and phases were interpolated along the
imput boundaries from the harmonic constants of Atlantic City
and those of Montauk Point. ~ e time difference between these
two stations was ascertained, and the difference was extra-
polated over the input boundary to derive a realistic time
difference at the seaward corr r of the grid. Some additional
adjustment was made at the sot hernmost end of the input
boundary off Atlantic City. This was necessary to effect the
net flow along the continental shelf in this area. The winds
used were the same typical sun er and winter winds as used in
smaller scale models (see part 3 of this report series).

2.2 TIDES

A comparison of the tides computed with HN models and the
harmonic tides at Sandy Hook are given in Figure 2. Sandy Hook
is located a considerable dist 1ce from the boundaries, As is
apparent from this figure, it 11 take the model about 12 hours
to reach the proper equilibriu with the tides at this location,
After equilibrium is reached, the HN computed and harmonic tides
are in good agreement.



Callaway {(unpubl.) has made measurements with deep sea
tide gauges at 39°37.5'N; 73°42.0'W (off Barnegat Inlet) and
at 40°27.8'N and 71°28.4'W (South of Montauk Point). Some of
his data on amplitudes of tidai constituents are given in
Table 1 together with available ita from International
Hydrographic Bureau's (IHB) tidal constituent sheets.

Table 1. Amplitudes of tides (cm) from IHB tidal constituent
list and as measured with deep sea tide gauge by Callaway
(unpublished).

Constituent M2 S2 N2 K] 0]

39°37.5'N, 73°42.0'W 54.8 10.8 12.4 10.3 7.2
(Callaway)

39°21'N, 74°26'HW 58.3 11.9 13.7 10.3 7.7
(IHB, No. 507)

40°27.8'N, 71°28.4"'W 43.0 8.6 8.4 6.6 3.7
(Callaway

"471°03'N, 71°58'HW 28.3 6.9 7.7 6.6 5.0

(IHB, No. 2213)

Taking into consideration the distances between the
locations, there is a good agreement between Callaway's and
IHB data, with exception of M2 amplitude off Montauk Point.
Considering other tidal data frc New York Bight area, there
is reason to believe that IHB amplitude for M2 tide at Montauk
Point is in error. The IHB data were used in the model run,
as Callaway data became available Tlater.

The sea level and currents at Points 5 and 10 (for loca-
tion see Figure 1) are shown in Figures 3 and 4. A comparison
of these figures shows that the tidal amplitudes decrease
somewhat from the coast to offshore (as is known from empirical
observations). The rate of decrease is variable and depends
on several factors, including the change of depth and slope
of the bottom.



2.3 CURRENTS

Figures 5 to 15 show the current ellipses at various
output points (for locations, 2e Figure 1). These figures
serve to illustrate the nature of tidal currents and their
variations. When accurate dat are required, e.g., the
relation between the direction of the current to the tidal
amplitude stage, they can be e tracted from printouts. Nearly
every point has certain local peculiarities. Figure 5 shows
the reversing (back-and-forth) tide at the mouth of the Ambrose
Channel. A comparison of the current speeds with those at
Point 5 (Figure 6) reveals the pronounced effect of the channel
on the currents. Figure 7 sho ;3 the currents somewhat closer
to the coast and in shallower iter than those shown in
Figure 6, and indicates the slightly stronger currents in this
location (as expected from empirical knowledge). Compariscns
of Figure 9 (Point 13) with Fi ires 10 (Point 18) and 11
(Point 19) demonstrates the wi :ning of the tidal ellipses to
nearly circular tides at Point 20 (Figure 12) further offshore.

Figure 14 shows a comparison of mean tidal currents at
Scotland Lightship (Haight, 1942) and the currents computed at
the nearest grid point (22,37 in Figure 1).

As can be recognized from this figure, the current
directions and speed of computed currents are in reasonable
agreement with the measured currents at the Lightship. The
special output Point 4 in Ambrose Channel (see Figure 4 for
location), from which the currents are presented on Figure 5, is
about 9.3 km from Point 22,37 (grid coordinates) from which
the currents are presented on Figure 16B. Comparison of the
two figures (15 and 16B) indicates again, relatively great
changes of currents over a relatively short distance.

Another comparison of measured and computed currents can
be made at Fire Island Lightship (40°25'N; 73°11'W; Point IV
on Figure 1) with currents extracted from a nearby grid point
(Point 10 in Figure 1, for which currents are given in Figure 8).



According to Haight (1942) the mean flood at Fire Island
Lightship is 0.23 kt to 96°. Converting the mean speeds given
by Haight (1942) to the strength of currents, results 18 cm
sec']. Figure 8 gives approximate]y the same directions,
(85°) but the strength of the computed current is about 25 cm
sec']. However, the currents presented in Figure 8 are tidal
currents during spring tides, thus should be somewhat stronger
than the strength of the current at mean tides.

Snapshot pictures of the distribution of current direc-
tions and speeds during different stages of the tides are shown
in Figures 17 to 22. Figure 17 shows the currents during Tow
water at Sandy Hook, and Figure 18 shows the currents two hours
later at the start of flooding current. Figure 19 shows the
currents two hours before high water at Sandy Hook. The
essential feature of this figure is the strong inflow into the
New York Bight in the region cf the Hudson Submarine Canyon
(bathymetry, see Figure 69) and the turning of this coastward
flow south toward Atlantic City. Figure 20 shows the currents
during near-slack water at Sandy Hook, which is the high water
time at this location. The effect of Hudson Submarine Canyon
is also clearly depicted on this figure. This figure depicts
best the bifurcation of the currents near the head of Hudson
Canyon, mentioned in a NOAA (1972) report. Figure 21 shows
the beginning of the ebbing current, and an additional shapshot
picture of the ebbing current 2 hours later is given in Figure
22. These two last figures show a slight intrusion of water
in the deeper part of Hudson Submarine Canyon and the nearly
continuous southward flow off Atlantic City.

The net currents after a full tidal cycle with southwest
winds of 9 m sec'] are shown in Figure 23. The stronger
currents around the Hudson Submarine Canyon and off Atlantic
City are essential features of this figure.



The recent measurements of McClennen (1973) of tidal
currents 1.5 to 2.0 m above the bottom off the New Jersey
coast show that the mean speeds are on the order of 15 cm sec_],
with a maximum speed 40 cm sec']'and that there is a net trans-
port to the SW at the continental slope. The results of these
measurements are in good general agreement with the computed
currents in the SW corner o the computational grid.

Figure 23 also shows the net circulation in the New York
Bight in good agreement with the results of drift bottle studies
of Powers (1951). The essential features of this net circula-
tion are: (a) a weak westerly flow in the central part of the
Bight turning towards stronger southerly flow off the New Jersey
coast; (b) main inflow alon the Hudson Submarine Canyon (and
south of it) and a weaker i Flow from the east; (c) a weak
towards-the-coast flow off the eastern part of Long Island,
and (d) a net flow from Long Island Sound through the East
River and‘waer Bight.

Nontidal (net) currents at various lightship stations
are shown in Figure 24 according to Haight (1942). These
relatively incomplete data indicate the same circulation
pattern as described above.

2.4 THE TRANSPORT OF WATER THROUGH VARIQUS SECTIONS

3sec']) through a few

The transport rate of water (m
sections are presented in Figures 25 to 28 as examples. The
transport has been computed at each time step, using current
components perpendicular to the section at each grid poinat
and averaged hourly. Of greater interest are Figures 29 to
32 showing the net transport (accumulative net transport)
through the given sections. A tendency of the change of net
transport with time is apparent on these figures, which is due
to several factors, such as the change of tides from spring
towards neap tides and wind. Such a transport change has been

empirically observed and is hysically explainable, but has






comparison of the movement, in various parts of the Bight can
be obtained by comparing these figures. It should be noted
that, besides the variation of the magnitude of "tidal excur-
sion", the selected release points fall into two categories:
(a) those with little or no net transport showing the movement
of a particle in a tidal ellipse (e.g., Figures 34 and 39) and
(b) those with considerable net transport after a full tidal
cycle. (e.g., Figures 38 an 42).



3. TWO-LAYERy» LARGE GRID SIZE MODEL FOR THE NEW YORK BIGHT

3.1 SEA LEVEL AND MIXED LAYER DEPTH

The computational grid for the two-layer model and the
special output points are the same as for the single-layer
large scale model (Figure 1).

A comparison of the tides ct¢ puted with the harmonic
method and those computed with the two-layer HN model at Sandy
Hook is given in Figure 43. First, it will be noticed that
it will take more than 12 hours to achieve computational
equilibrium, as was the case with the single-layer, large-grid
size model. Furthermore, after ¢ out 22 hours, the tides
computed with two-layer HN model do not follow well the harmonic
tidal curve, but show various oscillations. After several
numerical experiments with and without the wind input, it was
found that the oscillations of the sea level and the oscilla-
tions of the depth of the thermocline are caused mainly by
the wind, especially when the thermocline depth was not in
equilibrium with the prescribed wind system. The sea-level
oscillations caused by wind have een observed at tide gauge
stations and demonstrated in several works by Professor Hansen
in the application of the single-layer model for computations
of storm surges in the North Sea. Consequently, in order to
obtain a steady state picture of the sea level and currents
with a given steady wind, computations should be done over
several tidal cycles. This was not possible within this
project due to limitations of funds and time.

The wind effects vary considerably from one place to
another over the whole Bight. These changes can be followed
in Figures 44 to 46. Starting with Point 5, (Figure 44) and
following farther offshore (i.e., Figure 45, Point 7, and
Figure 46, Point 10) it can be observed that the fluctuations

of the mixed layer depth increase with increasing depth and



increasing distance from the coast, whereas the sea-level
change (amplitude of the tides) decreases as already observed
with a single-Tayer model. These figures also show currents in
both layers at two-hourly intervals, showing that the currents
in the second layer turn more to the opposite direction of
surface currents with increasing distance from the coast, thus
compensating the transport in the surface layer.

At Point 20 (Figure 47), the crest of the mixed Tayer
depth occurs approximately mi vay between high and low water at
the surface (i.e., about 4 to 5 hours before the change at the
surface). This is a theoretically correct case for progressive
waves. Considerable variatio occurred from this case, however,
as Figures 45 and 46 indicate.

3.2 CURRENTS IN TWO LAYERS

Comparisons of the speed and direction of mean tidal
currents at Ambrose Channel Lightship with the tidal currents
in the surface layer as computed with the two-layer HN mocel
using a wind of 9 m sec'] from the SW are shown in Figure 48.
The computed currents show somewhat stronger outflow from the
Lower Bay, which might be partly due to the fact that the East
River was programmed wider in this model than in the nature,
thus allowing greater flow from Long Island Sound.

The effects of SW winds on the surface layer currents
are apparent in Figures 49 and 50 where the current data
extracted from various output points are presented as examp es.
An inter-comparison of currer s in Figures 51 to 57 and the
locations of corresponding pc nts (Figure 1) shows the various
effects of distance from the coast and water depth on the
currents in both layers. Especially noticeable and of practical
importance is the shoreward movement of currents in the lower
layer off Long Island (Figure 53 to 55).



The shoreward movement of bottom drifters has been
observed in this area as well as in Hudson Submarine Canyon
by Horne (1971), NOAA (1972) and Callaway (MS) which verifies
the correctness of the two-Tlayar HN model in reproducing the
currents and suggests that the area off Long Island is unsuit-
able for the disposal of large amounts of sludge.

A comparison of the strength of the currents in upper and
Tower layers presented in Figures 49 to 57 reveals that the
currents are of about the same strength at both depths. This
condition was found by Haight {1942) from direct current
measurements. Only in Hudson Submarine Canyon (and possibly
in the Ambrose Channel) does the current in the lower layer
have a higher velocity during flood than in the surface layer.
It should be emphasized, however, that the directions of net
flow in the surface and lower layerscan be considerably different,
and that these differences vary with locations and winds.

Figures 58 to 65 give snapshot pictures of the horizontal
currents in the upper and lower layers during various stages
of the tide with reference to the Sandy Hook tides. OFf con-
siderable interest in these figures are two conditions: First,
the effect of the Hudson Submarine Canyon can be traced clearly
in every figure (see bathymetry of the Bight in Figure 69).
There is a greater in- and outflow along the axis of the canyon
and sometimes a gyral is located at its mouth on the continental
slope. Secondly, most of the water flowing into the New York
Bight along the canyon is flowing to the south off Atlantic
City. The effects of wind are also clearly recognizable on
these figures, especially in areas where they are not masked
by other strong currents (i.e., off Long Island). A comparison
of upper and lower Tevel currents at the same output time
indicates considerable differences of net current direction and
some differences in speed in both layers.



3.3 TRANSPORT AND DISPERSI( OF POLLUTANTS

The transport of water and net circulation in a relatively
shallow bight (e.g., the New York Bight) is determined greatly
by winds as well as tides. Thus for a complete investigation
of transport and flushing, computations must be made with
various prevailing winds. 1 e computed data on transpor=z
through various sections are available in computer printouts
and only a few examples are presented below.

The transport rates through section BB6 (location, see
Figure 1) in the upper layer in calm conditions and with

9 m sec’]

winds from SW are shown in Figure 66. Although the
transport varies in both cases in tidal rythm, the eastwerd
component prevails with the SW winds. The net transport
through the same section is given in Figure 67. In calm
conditions a slight westward transport occurs through section
BB6 which is in agreement with the general circulation pattern
in the New York Bight. With SW winds the net transport through
this section is toward the e ;t.

Figure 68 shows the com ited concentration of "pollutants"
in the upper layer 24 hours after instantaneous release. The
same limitations of diffusio computations apply to the
relatively coarse two-layer model as to the single-layer, large
grid size model. The results shown in this figure are also
similar to the corresponding results from the single-layer
model. Thus in order to compute dispersion and diffusion with
a Lagrangian method in a grid which is larger than half of the
distance of tidal excursion, either of the following methods
should be used:

a. the excursion of the water particle (e.g., at the
center of the release point) can be computed with
the HN model as described in Chapter 2.5. The eddy
diffusion of the blob can be computed with any
Eulerian type of method of which there are several
available;



the diffusion and dispersion can also be computed

with a Lagrangian method in a smaller subgrid, for
which the currents are extracted and interpolated

in each time step from the large-scale grid output.
This method requires an additional computer run.

if the diffusing blob is large and initially covers
many grid points, dispersion and diffusion computations
can be made in a large grid with Lagrangian approach
(e.g., distribution of river outflow).



4. RECOMMENDATIONS FOR APPLICATIONS OF THE
MODEL RESULTS AND FOR FURTHER DEVELOPMENT

1. As a considerable amount of numerical output (results)
is produced by an HN model, it is impossible to describe and
reproduce all the possible results in reports. The latter
serve mainly to present examples and the model capabilities
as well as verifications. In any specific application, and
in search for an answer to a specific question, the numerical
data in the printouts from { e model run should be consu’ ted
and/or used.

2. The HN models have proven to be of great use for
obtaining data on currents at various levels and with various
winds for the computation of diffusion, dispersion and flushing,
for selection of proper wast disposal areas, and for a variety
of other purposes.

3. Although general verifications of the HN models have
been made in various areas, there is a continued need fo-
further specific verification, especially of the multi-layer
models. This verification should be done with specific short-
term recordings (few days) of (a) sea level at specific 20ints
with portable tide gauges, (b) current recordings, and (Z)
thermal structure variation recordings. (The latter is =2spe-
cially required to improve the boundary input into the multi-
layer models.)

4, Additional research is required on the treatment of
multiple open boundaries and especially on the methods of input
of tides in deeper layers at the open boundaries.

5. The diffusion and dispersion computations require
further verification for which results from better large-scale
dye experiments can be used (e.g., the multi-national experi-
ments carried out by the International Council for the
Exploration of the Sea). Further numerical experimentation is
required on the computation of dispersion and diffusion in
large grid size models.
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Figure 5 Computed currents at Point 4 (locations
see Figure 1)

Figure 6 Computed currents at Point 5 (location
see Figure 1)
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Figure 7 Computed currents at Point 6 (location
see Figure 1)
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Figure 8 Computed currents at Point 10 (location
see Figure 1)
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Figure 9 Computed currents at Point 13 (location
see Figure 1)
Figure 10

Computed currents at Point 18 (location
see Figure 1)
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Figure 11 Computed currents at Point 19 (location
see Figure 1)
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Figure 12 Computed currents at Point 20 (location
see Figure 1)

Figure 13 Computed currents at Point 21 (location
see Figure 1)




Figure 14 Computed currents at Point 22 (locaticn
see Figure 1)

Figure 15 Computed currents at Point 24 (locatior
: see Figure 1) w
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Figure 16 A Mean tidal currents at Scotland Lightship
(40°26.6'N; 73°955.2'W) (from Haight, 1942)
B Tidal currents (spring tides) at grid point
22,37 (see Figure 1).
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tidal cycle at Point 20 (location see
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Figure 51 Currents at Point 10 (location see Figure 1)
A; uEper layer; B: lower layer, Wind 9m
sec™+ from SW
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Figure 53 Currents at Point 13 (location see Figure 1)

A: upper layer; B: lower layer. Wind 9m
sec™l from Sw ‘
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Figure 54 Currents at Point 14 (location see Figure 1)
' A: ugper layer; B: lower layer. Wind 9m
sec™t from SW
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A: uEper layer; B: lower layer. Wind 9m
sec™+ from SW
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