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ABSTRACT 

The possible consequences of deepening to 70 feet a section of 
the Ambrose Channel which gives access to the Lower Bay of New 
York Harbor were assessed . 

A vertically integrated, non-linear, finite difference numerical 
model was utilized. The simulated tidal amplitudes and maximum 
currents were compared with presently existing conditions. The 
results indicate a reduction in the area of least tidal amplitude 
(close to Sandy Hook) and a very small increase on the order of 1 

or 2 mm throughout the study area, attaining a maximum of 3 mm 
close to the south shore of Staten Island. The pattern of 
maximum tidal currents did not change appreciably, although there 
is a tendency for slight increases on the order of a few cm/s in 
the immediate vicinity of the Ambrose Channel deepening . 
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INTRODUCTION 

Mining of sand and gravel in New York Harbor is an important 
economic activity whose impacts on the environment are a matter 
of concern. 

The effects of changes in the bathymetry resulting from simulated 
sand and gravel mining in areas of potential interest within the 
Lower Bay have been assessed by Wong and Wilson (1979). Their 
study utilized a finite element numerical model; the results 
suggested an increase in tidal range along Staten Island and 
current perturbations in the area of the borrow pits. 

In a study of changes in tidal circulation due to the 
construction of containment islands in the Lower Bay (Vieira, 
1986), the simulations from another numerical model indicated 
very small changes (on the order of a few millimeters) in tidal 
elevation throughout the study area. The changes in maximum 
tidal currents were concentrated in a pattern around the islands. 

The purpose of the study here described is to evaluate the 
perturbations suffered by the tidal regime of Lower New York 
Harbor due to deepening the Ambrose Channel, through the transect 
from Sandy Hook to Breezy Point, by mining operations . 

METHODS 

A numerical model was used to simulate the tidal conditions in 
the Bay, first for the existing bathymetry and then for a 
deepened Ambrose Channel. The model is a vertically integrated, 
two-dimensional, non-linear, semi-implicit finite difference 
numerical algorithm based on the Leendertse (1967) scheme. This 
hydrodynamic model has been utilized in several estuaries and 
shallow ocean areas and found to be efficient and accurate in its 
results, as illustrated by the work of Hess and White (1974), 
Bowman et al. (1980), Chiswell (1983) and Vieira (1986) . 

The model uses the vertically integrated continuity and momentum 
equations, is fully non-linear, includes advective terms and 
parameterizes the bottom stress through a Chezy coefficient. 

A grid with a mesh of 200 meters was applied to the study area 
(Figure 1). Such a fine mesh was necessary to accommodate the 
configuration of the deepened region within Ambrose Channel. The 
model has to be supplied with mean low water depths for each grid 
element, as well as with sea level elevation on all open 
boundaries. The geometric and bathymetric data was taken from 
the National Ocean survey Chart No. 12327, 80th Edition, December 
1984. 

The open boundaries were at the entrance to Rockaway Inlet, the 
transect between Sandy Hook and Breezy Point, the mouth of Arthur 
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Kill at Tottenville, the mouth of the Raritan River (Perth Amboy 
to South Amboy) and the transect between Fort Wadsworth and Fort 
Hamilton at the Narrows. Mean tidal amplitudes and phases at 
these boundaries were extracted from the predicted tidal 
information supplied by NOS (1988) • 

Given the preponderance of the semi-diurnal M2 component in the 
tides of this area, the model was forced at the boundaries with 
this harmonic, with a time step of 62. 1 seconds (one M2 lunar 
minute). The Courant-Friedrichs-Lewy stability criterion was 
followed in this choice . 

No wind stress forcing was applied, since this study deals only 
with the tidally forced circulation. This report deals solely 
with the astronomically determined tidal signals in the Lower Bay 
of New York Harbor; no effort was made to include non-tidally 
driven forcing, such as gravitationally or wind induced effects. 

The model was spun-up with the existing bathymetry for several 
tidal cycles until steady-state conditions were observed. This 
procedure was repeated for a deepened Ambrose Channel 
configuration; the results were then compared. 

In this simulation, the Ambrose Channel was deepened from its 
existing depth of 45 feet to 70 feet between the ocean boundary 
of the model (i. e. , the transect between Sandy Hook and Breezy 
Point) and a line connecting chanel buoys 7 and 6. 

RESULTS 

The tidal amplitude is defined as one half of the tidal range, 
which is the difference in elevation between High Water and Low 
Water during one tidal cycle (12. 42 hours). 

a) Existing bathymetry: The tidal amplitude (Figure 2), 
referred to mean sea level, does not vary by more than 6 cm 
throughout the system. The maximum tidal current isotachs 
during one tidal cycle are shown in Figure 3; the currents 
only reach above 25 cm/s in the initial part of the Ambrose 
and Sandy Hook channels. In fact, the currents are below 
15 cm/s throughout most of the area. 

b) Deepened Ambrose Channel: The tidal amplitude (Figure 4) 
spatial gradient is the same as before. However, there is 
a sizable reduction of the area inside the 69-cm isoline 
(i. e. , amplitudes between 68 and 69 cm) which became 

restricted to the vicinity of Sandy Hook. The increases in 
tidal amplitude at individual locations are primarily between 
1 and 2 mm; they attain a maximum of 3 mm only in the region 
of the south shore of Staten Island. 

The pattern of maximum tidal currents does not appear to have 
changed substantially anywhere in the Bay (Figure 5) except in 
the immediate vicinity of the Ambrose Channel deepening. Here 
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the pattern was very slightly displaced to the south, while the 
20-cm/s isotach now extends further into the Bay than before. 
Otherwise, throughout the system site specific increases or 
decreases in current magnitude average about 0. 5 cm/s . 

These results are consistent with the increased conveyance at the 
Breezy Point-Sandy Hook transect offered by a deepened Ambrose 
Channel. An enlarged tidal prism results in slightly higher 
amplitudes throughout, whereas the current magnitude may be 
affected in different ways at different locations. These results 
must also be judged in relation to the oscillations resulting 
from the fortnightly lunar cycle (on the order of 30 cm), non­
tidally driven fluctuations (15 cm or more) and a rising trend in 
mean sea level of 3 mm/year. 

The tidal elevation ref erred to mean sea level and the two 
orthogonal components of the tidal current are also computed by 
the model at each grid element. Figures 6 to 11 allow a 
comparison of the parameters before and after the hypothetical 
deepening of Ambrose Channel at the three locations indicated in 
Figure 1 .  The differences are very small. 

CONCLUSIONS 

It appears from the simulations that some minor changes in the 
tidal regime throughout the Lower Bay of New York Harbor might 
result from the deepening of the Ambrose Channel through the 
transect. Tidal amplitudes would increase by no more than 3 mm 
(south Staten Island), which is negligible compared to spring­

neap fortnightly oscillations, non-tidally forced fluctuations 
and a rising trend in mean sea level. Similarly, the increases 
in tidal current magnitude are one order of magnitude smaller 
than the tidal streams themselves; they only produce a different 
configuration of the isotachs in the vicinity of the Ambrose 
Channel deepened location. 
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Figure 1. The study area . The black triangle denotes the Ambrose 

Channel deepened to 70 ft. The letters A, B and C indicate 

the location of the elements referred to in Fig . 6-11. 
The -·-·- is the ocean boundary of the model .  
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Figure 2 • Present bathymetry. Tidal amplitude referred to MSL {cm). 
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Figure 3. Ambrose Channel deepened. Tidal amplitude referred to MSL (cm) • 
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TIME SE v 0 VORTICITY 

4 9 . 6 8  -0 . 12 0  0 . 07 7  0 . 0 87 -6 9 . 12 3  1f s vu 

4 9 . 8 9 -0 . 0 51 0.08 0  0 . 0 90 - 7 9.02 5 " s vu 

50 . 0 9 0 . 02 1  0.0 8 2  0 . 0 92 - 8 7  . 8 51 " .s vu 

50 . 30 0 . 0 9 1  0.0 8 3  0.0 9 3  - 9 5 . 1 3 0  " s 0 

50 . 51 0 . 16 1  0.0 84 0 . 0 9 3 -100 . 8 3 9  " s 0 

50 . 7 2 0 . 2 30 0 . 08 3  0.0 9 3 -105. 0 94 " s 0 

50.92 0.2 9 6  0.0 8 2  0.092-10 8.0 5 9  " s vu 

51. 1 3  0. 3 5 9  0.0 8 0  0 . 0 90-109. 811 " s vu 

51 . 34 0.41 9 . 0 . 07 7  0.0 8 7 -110. 4 3 4  " s vu 

51 . 54 0 . 474 0.074 0 . 0 8 3 - 110.009 " s vu 

51.7 5 0.524 0 . 06 9  0 . 0 7 9 -108 . 6 4 4  " s vu 

5 1 . 9 6 0 . 569 0.064 0 . 0 7 3 -106 . 4 5 3  " vus 

52 . 1 6  0. 607 0 . 0 5 8  0.067 -103 . 5 9 7  " vu s 

52.37 0 . 6 3 9  0 . 0 5 2  0 . 060 -100.2 81 " vu s 

52 . 58 0. 664 0 . 044 0.052 - 96. 7 5 7  " v 0 s 

52.7 8 0 . 681 0 . 0 3 7  0 . 0 4 3  - 9 3 . 3 8 8  " vu s 

52. 9 9  0 . 6 91 0 . 02 8  0 . 034 - 9 0 . 6 9 5  " vu s 
5 3. 2 0  0.694 0 . 02 0  0 . 02 3  - 8 9. 3 7 2  " 0 s 

5 3 . 4 1  0 . 68 8  0 . 012 0 . 012 - 90.0 3 1  " 0 s 

5 3. 6 1  0.67 5  0 . 00 5  -0 . 001 - 91. 8 5 2  " o. v s 

5 3. 8 2  0.6 54 -0.003 -0 . 014 - 91.172 " 0 v s 

5 4 . 03 0.62 6 -0 . 014 -0 . 02 8  - 8 4 . 4 8 8  " 0 v s 

54 . 23 0. 5 8 8  -0 . 024 -0 . 0 3 8  -71. 8 7 3  " 0 v s 

54 . 44 0.5 4 5  -0 . 0 3 1  -0 . 0 4 5  - 56.1 3 9  "° v s 

5 4 . 65 0. 497 -0 . 0 3 7  -0.0 5 1  -40 . 0 86 0 v w s 

5 4.8 5 0.4 44 -0 . 0 4 3  -0 . 0 5 7  - 2 4 . 5 5 5  0 v " s 

5 5 . 0 6 0.3 8 6  -0 . 0 50 -0 . 064 - 9.468 0 v " s 

5 5 . 2 7  0 . 32 5  -0 . 0 56 -0 . 06 9  5 . 1 9 5  0 v ·" s 

5 5 . 4 8  0 . 2 5 9  - 0 . 0 62 -0 . 0 7 5  1 9 . 2 4 4  0 v " s 

5 5 . 6 8  0 . 1 9 2  -0 . 06 8  -0 . 0 8 0  3 2  . 4 7 4  0 v " 
5 5 . 8 9 0 . 122 - 0 . 07 3  -0 . 0 8 4  44. 764 ov s " 
5 6 . 10 0 . 0 5 2  -0 . 0 7 7  -0 . 0 8 8  5 5 . 9 8 8  ov s " 
56 . 3 0 -0 . 0 1 8  -0 . 0 8 0  -0 . 0 91 66 . 002 ov s . " 
5 6 . 51 -0 . 000 -0 . 0 8 3  -0 . 0 9 3  74.667 ov s " 
56. 7 2  - 0.157 -(1 . 08 4  -0 . 0 9 4  8 1. 9 0 8  0 s " 
5 6.92 -0.224 -0.005 -0 . 0 94 87.766 0 s " 
57 . 13 -0.2 8 9  -0.00 5 -0 . 0 9 3  92. 3 2 8  0 s • 
5 7.34 -0. 3 5 0  -0.084 -0 . 0 9 2 9 5.667 0 s " 
5 7 . 5 5  - 0 . 4 0 8  - 0 . 08 2  -0 . 08 9  9 7. 8 4 0  vu s • 
5 7.7 5 -0.462 - 0 . 0 7 9  -0 . 0 86 9 8 . 8 94 vu s " 
5 7 . 96 -0.511 -0.07 5  -0.08 2  98.894 vu s " 
5 8 . 17 -0. 5 5 5  -0 . 071 -0 . 07 6  97 . 91 1  vus " 
5 8. 3 7  -0.592 -0.0 6 5  -0 . 0 7 0  9 6 . 0 5 5  s vu " 
58.58 -0.624 -0 . 0 5 8  -0.06 3 9 3.4 9 2  s vu " . 

5 8 . 7 9 -0.648 -0 . 0 5 0  -0 . 0 5 5  90.477 s 0 • 
5 8 . 9 9  -0.666 -0 . 042 -0.0 4 6  87.3 7 9  s 0 • 
5 9 . 20 -0. 6 7 6  - 0.0 3 2  -0.0 3 6  84. 7 9 1  s 0 • 
5 9.4 1 -0.678 -0.02 3  -0 . 02 5  8 3. 7 4 0  s 0 • 
5 9.62 -0.67 3 -0.0 1 3  -0.014 8 5. 3 90 s 0 • 
5 9.82 -0. 6 6 1  -0. 0 0 3  -0.00 1 88.698 s vu. • 
60.03 -0 . 64 1  0.0 0 6  0.012 88. 7 7 9  s . v 0 • 
60.24 -0.6 1 4  0.017 0.0 2 6  81.4 6 1  s v 0 " 
60.44 -0.580 0.0 2 9  0.0 3 9  67.217 s v 0 " 
60. 6 5  -0. 5 3 8  0.0 3 9  0.0 4 9  4 7.82 3 s WV 0 

60.86 -0.4 9 1  0.0 4 6  0.0 57 2 6.669 s " v 0 

61.06 -0.4 3 9  0.0 53 0.063 6.42 8 s " v 0 

61 . 2 7 -0.382 0.0 5 8  0 . 06 9  - 1 1.966 s " VO 
61 . 4 8 -0 . 322 0.064 0.0 74 - 2 8 . 4 7 8  s " vu 

61. 6 9  -0.257 0 . 06 9  0.07 9  - 4 3.36 5 ws vu 

61 . 8 9 -0.190 0 . 0 7 3  0 . 0 8 3  - 56.7 5 3  " s vu 

62 . 10 -0.12 1 0 . 07 7  0 . 0 8 7  -68.6 5 5  • s vu 

Figure 6. Pre sent bathymetry. Tidal el evation re ferred to MSL ( S ) and tidal cu rrent components towards 

NE (U) and SE (V)  at grid e l ement A, during one tidal cycl e  (12.42 hours ) . Units : m and m/s. 
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TIME SE v u VORTICITY 

4 9.68 -0.1 3 6  -o .114 0.02 9 6.4 3 8  v s " 0 
4 9. 8 9  -0.067 -0 . 117 0 : 031 5.7 5 3  v s " 0 
50.0 9 0 . 004 -0 . 120 0 . 0 3 3  5.6 8 3  v s " 0 
50.3 0  0.0 7 5  -0 . 12 2  0.034 6.063 v s " 0 
50.51 0.145 -0.12 3 0.0 36 6. 710 v " u 

50. 7 2  0.214 -0.123 0.0 3 7  7.460 v " s 0 
50. 92 0.281 -0.123 0.0 37 8.210 v " s 0 
5 1. 13 0.345 -0. 1 2 2  0.03 8  8. 903 v " s 0 

. 5 1.34 0.406 -0.120 0.0 3 8  9.4 91 v " I 0 
5 1. 54 0 . 463 -0.117 0.0 37 9.9 34 v " I 0 
5 1.7 5 0.515 -0.11 3 0.0 3 7  10.2 00 v " s 0 
51.9 '  0.561 -0.108 0.0 3 5  1 0.2 7 2  v " s 0 
52.16 0.602 -0.103 0.0 3 3  10 . 1 3 9  v " so 
5 2.37 0.6 3 5  -0.0 9 6  0.0 31 9.7 77 v " 0 s 
52.58 0.662 -0 . 0 8 8  0.0 2 8  9.184 v " 0 s 
52.7 8 0.682 -0.0 7 9  0.024 8. 348 v " 0 s 
52 . 9 9  0.693 -0.069 0.020 7.2 36 v " 0 s 
53.20 0.696 - 0.056 0.014 5.8 30 v " 0 s 
53.U 0.6 91 - 0.042 0.001 4. 105 v " 0 s 
53. 6 1  0.6 7 8  -0.024 -0.00 1 2.2 31 v 0 . " s 
53.8 2  0.6 5 8  -0.002 -0.012 0.815 0 vw s 
54.03 0.630 0.0 2 7  -0.019 -3.3 56 0 " v s 
54.23 0.5 9 3  0.0 52 -0.021 -11.264 0 " v s 
54 .44 0.5 50 0.068 -0.02 1 -18. 967 " v I 
54. 6 5  0.503 0.07 9 -0.022 -2 4.019 " 0 v s 
54. 8 5  0.452 0.0 8 8  -0.02 3 -26. 8 2 3  " 0 s v 
5 5.0 6 0.3 96 0.0 94 -0.02 4 -2 8.1 94 " 0 s v 
5 5.2 7 0.3 3 5  0 . 0 9 9  -0.026 -2 8.8 3 8  " 0 s v 
5 5.48 0.272 0. 1 04 -0.0 2 7  -2 9.166 " 0 s v 
55.68 0.206 0.107 -0.02 9 - 2 9.4 5 4  " 0 s v 
55.89 n.138 0.110 -0.030 - 2 9 . 8 3 7  " 0 s v 
5 6.10 0.069 0.112 -0 . 0 31 -30.363 " 0 . s v 
5 6.30 o.ooo 0 . 11 4  -0.032 -31 . 015 " 0 s .  v 
5 6.5 1 -0.010 0.116 -0.0 3 3  - 31. 7 26 " 0 s v 
5 6. 7 2  -0.138 0.117 -0 . 0 3 3  - 3 2. 4 0 3  " 0 s v 
56. 9 2  -0.205 0 . 11 8  -0 . 03 4  - 3 2 . 960 " 0 s v 
57.13 -0.270 0.118 -0 . 0 3 4  - 3 3 . 3 3 5  " u s v 
57.34 -0. 3 3 3  0.117 -0.0 3 3  - 3 3.4 8 5  " 0 s v 
5 7 . 5 5  -0.392 0.116 -0.0 3 3  - 3 3.3 7 4  " 0 s v 
5 7 . 7 5  -0.447 0.114 -0.032 -32. 9 7 2  " 0 s v 
57.96 -0.498 0.111 -0.0 31 - 32.2 5 8  " 0 s v 
5 8.17 -0.544 0.108 -0.0 30 - 31.2 08 " 0 v 
5 8.37 -0.584 0.10 3 -0.02 8  - 2 9.803 " s 0 v 
58.58 -0.618 0.0 9 8  -0.026 -2 8 . 026 s "  0 v 
58.7 9 -o. 6 4 5  0.0 92 -0.024 -25.8 5 9  s " 0 v 
5 8 . 9 9  -0.665 0 . 0 8 5  -0.021 -2 3 . 2 81 s " 0 v 
5 9.20 -0.678 0.0 7 7  -0.018 -20.2 7 1  s " 0 v 
5 9.41 -0.682 0.06 7  -0.014 -16.800 s " 0 v 
5 9.62 -0.671 0.0 5 7  -0.00 9 - 12.860 s " 0 v 
5 9.82 -0.66' 0.043 -0 . 003 -8.44 3 s " 0 v 
60.03 -0.646 0.0 2 7  0.004 -3.769 s " 0 v 
60.24 -0.620 0.001 0.013 0.5 81 s " v 0 
60.44 -0.587 -0.02 2  0.019 8.42 5 s v " 0 
60. 6 5  -0.546 -0.048 0.02 1 18.427 s v ow 
60. 8 6  -0.500 -0.067 0.020 23.2 8 9  s v 0 " 

6 1.06 -0.40 -0.0 8 1  0.020 22.373 vs 0 " 
6 1.27 -0.394 -0.0 90 0.02 1 18.5 8 6  v s " 
6 1.48 -0. 3 34 -0.0 9 8  0.0 2 3  14.3 2 7  v s " 0 
61. 6 9  -0.272 -0.104 0.0 2 5  10.702 v s " tJ 
6 1. 8 9  -0.206 -0.110 0.027 8 . 0 8 5  v s " 0 
62.10 -0.1 37 -0.114 0.0 2 9  6.480 v s " 0 

Figure 7. Pre sent bathymetry. Tidal el evation referred to MSL (S ) and tidal current components towards NE (U) 
and SE (V) at grid element B, during one tidal cycle (12.42 hours ) . Units :  m and m/s. 



• • • • • • • • • • 
TIME SE v 0 VORTICITY 

4 9 . 68 - 0 . 2 5 5  -0 . 00 3  0 . 1 37 3 5 . 5 12 s v " 

4 9 . 89 -0 . 194 -0 . 00 3  0 . 143 37 . 0 7 5  s v "° 
50 . 0 9 -0 . 1 2 9  -0 . 00 3  0 . 1 4 8  3 8 . 5 5 9  s v " 

50 . 30 -0 . 06 3  -0 . 00 3  0 . 1 5 3  3 9 . 865 VS " 
50 . 51 0 . 004 -0 . 00 3  0 . 1 5 7  40 . 966 v s " 

50 . 7 2 0 . 0 71 -0 . 00 3  0 . 160 41 . 8 1 8  v s " 

50.92 0. 1 3 8  -0 . 00 3  0 . 162 4 2 . 3 7 4  v s " 
5 1.13 0 . 2 0 5  -0 . 003 0 . 16 3  42 . 5 9 9  v s " 
5 1.34 0.270 -0.003 0 . 162 4 2 . 471 v s " 

5 1. 54 0 . 3 34 -0.002 0 . 160 4 1 . 9 7 5  v s " 

5 1.7 5 0 . 3 94 -0.002 0 . 157 41 . 086 v s " 

5 1. 9 6  0.4 5 1  -0 . 00 2  0. 1 5 2  3 9 . 7 97 v s " 
5 2 . 1 6  0. 504 -0 . 001 0 . 14 6  3 8 . 08 8  v • s " 

5 2 . 3 7 0 . 5 5 2  -0 . 001 0 . 1 3 8  3 5 . 9 3 9  v .  s " 
52.58 0.5 9 4  0.000 0 . 1 2 7  3 3 . 3 3 2  v " I 
52.7 8 0. 6 30 0 . 001 0 . 11 5  30 . 2 4 2  . v  " s 
52 . 9 9 0. 6 5 9  0 . 00 2  0 . 10 0  26 . 62 7  v °" s 

5 3.20 0.6 80 0 . 0 04 0 . 08 2  2 2 . 4 3 6  v °" I 
5 3 . 41 0.6 9 1  0.006 0 . 0 6 1  17 . 563 v 0 " s 
5 3. 6 1  0.6 9 1  0.0 1 1  0 . 0 34 1 1. 8 3 6  0 " v s 

5 3 . 82 0. 67 9 0 . 021 -0 . 001 4 . 373 o .  " v s 
54.0 3 0.66 1  0.0 2 6  - 0 . 0 3 3  - 6.7 97 0 " s v 

5 4 . 2 3  0.6 3 2  0 . 02 2  -0 . 0 5 6  - 1 5 . 867 "° v s 

54 . 44 0.5 9 6  0 . 0 1 5  -0 . 074 -19 . 3 3 3  " v s 
54 . 6 5  0. 5 5 6  0 . 010 -0 . 0 8 7  -18 . 862 0 " v s 

5 4 . 8 5 0.5 1 3  0 . 00 1  - 0 . 09 7  -16 . 6 5 3  0 " v s 

5 5.0 6 0.4 6 5  0 . 006 -0 . 10 5  -14 . 0 51 0 " v s 

5 5.27 0 . 41 3  0.00 5 -0 . 112 -11 . 62 3 0 " v s 

5 5.48 0.3 5 8  0 . 004 -o . 118 - 9 . 607 0 " v s 

55 . 68 0.30 1 0 . 004 -0 . 12 4  -8 . 0 36 0 " v s 

5 5 . 8 9 0 . 2 4 2  0 . 00 3  -0 . 1 2 9  -6 . 8 5 3  u " v s 

56.10 0 . 1 8 1  0 . 002 -0 . 1 34 - 5 . 966 u " v s 

5 6 . 30 0. 1 1 9  0 . 001 -0 . 1 3 8  - 5 . 2 96 u " v s 

56 . 51 0 . 0 5 6  0 . 001 -0 . 14 2  - 4 . 7 79 u " v s 

56 . 7 2  - 0 . 007 o.ooo -0 . 1 4 5  - 4 . 365 0 " v. 

56 . 9 2  -0 . 06 9  -0 . 001 -0 . 1 4 7  - 4 . 0 1 7  u SW V • 

57 . 1 3  -0 . 131 -0 . 002 -0 . 1 4 8  - 3 . 7 0 5  u s " 
5 7 . 34 -0 . 1 9 2  -0 . 00 3  -0 . 1 4 9  - 3 . 4 0 8  0 s vw 
57 . 5 5 -0 . 2 5 1  -0 . 00 4  -0 . 1 4 9  - 3 . 1 1 0  u s v " 
57.7 5 -0.309 -0 . 00 5  - o  . 1 4 8  -2 . 7 9 9  u s v " 
57. 9 6  -0 . 364 - 0 . 006 -0 . 146 -2 . 463 u s v " 
5 8 . 1 7  -0.4 1 6  -0 . 00 1  -0 . 144 -2 . 0 8 5  u s v " . 

58 . 37 -0 . 46 5  -0.001 -0 . 1 4 0  -1 . 660 0 s v " . 

5 8 . 58 -0. 509 -0 . 008 -0 . 1 3 5  -1 . 167 u s v " 
58.7 9 -0 . 5 50 -0 . 00 9  -0 . 1 2 8  -0.5 87 u v " . 

5 8. 9 9  -0. 5 8 5  -0 . 00 9  -0 . 120 0 . 103 s u v " 
5 9.20 -0.6 1 5  -0 . 010 -0 . 110 0 . 947 s u v " 
5 9.4 1 -0.638 -0 . 010 -0 . 0 9 8  1 . 991 s u v . " 

5 9.62 -0. 6 5 4  -0.0 10 -0 . 0 8 3  3 . 326 s u v " 
5 9.82 -0.6 6 1  -0 . 010 -0 . 06 4  5.0 80 s u " 
60 . 0 3  -0. 6 5 8 -0 . 012 -0 . 0 4 0  7 . 4 1 7  s v u " 

60 . 2 4  -0 . 64 1 -0 . 018 -0.001 9 . 8 3 5  s v u " 

60 . 44 -0 . '2 1 -0.022 0 . 02 7  10 . 8 9 8  s v u " 

60.65 -0. 5 9 3  -0.0 17 0 . 0 5 3  12 . 591 s v "° 
60 . 86 -0. 5 5 7  -0 . 011 0 . 07 3  16 . 4 0 5  s v " u 

6 1.0 6 -0. 5 1 7  -0 . 001 0 . 0 89 2 1 . 1 51 s v " u 

6 1.27 -0.473 -0 . 00 5  0 . 102 2 5 . 4 4 9  s v " u 

6 1 . 48 -0 . 424 -0 . 00 3  0 . 11 3 2 8 . 8 2 4  s v " 

6 1 . 6 9 -0 . 3 7 2  -0 . 00 3  0 . 1 2 2  31 . 4 4 3  s v " 

6 1 . 8 9 -0. 3 1 5  -0 . 00 3  0 . 129 3 3 . 57 9  s v " 
62 . 10 -0.2 5 6  -0 . 00 3  0 . 136 3 5 . 4 2 7  s v " 

Figure 8. Pre sent bathyrnetry. Tidal e l evation re ferred to MSL (S ) and tidal current components towards 

NE (U) and SE (V)  at grid element c, during one tidal cycl e (12.42 hours ) .  Units : m and m/s. 



• • • • • • • • • • 
TIME SE v 0 VORTICITY 

4 9. 6 8  -0. 10 5  0.0 6 5  0.0 7 5  - 5 8.0 30 " s w 

49. 8 9  -0.0 4 8  0 . 0 6 3  0.0 7 3  - 6 4. 5 9 7  " s w 

50.0 9 0.02 4 0 . 0 6 8  0.07 9  - 7 1.1 1 8  " . s w 

50.30 0.0 9 4  0.0 7 1 0.0 8 1  -77.4 54 " s w 

50 . 5 1 0. 1 6 5  0 . 072 0 . 0 8 3  - 8 3.0U " s w 

50 . 72 0.2 3 3  0 . 072 0.0 8 3  - 8 7.9 1 9  " s w 

50 . 92 0.2 9 9  0 . 072 0.0 8 3  - 9 1. 6 3 5  " s v 0 

5 1 . 1 3 0. 362 0.0 7 0  0 . 0 8 1  - H  .305 " s w 

5 1 . 34 0. 4 2 1  0 . 0 6 8  0 . 07 9 - 9 5.8 t 7  " s w 

5 1 . 54 0. 4 7 6  0 . 0 6 5  0.07 6 - 9 6.2 9 9  " s w 

5 1 .  7 5  0. 5 2 6  0.0 6 1  0.07 1 - 9 5. 8 3 8  " w 
5 1 . 9 6 0. 5 7 1  0 . 0 5 6  0.0 6 6  - H . 5 U  " w s 
52 . 1 6 0 . 609 0.0 5 1  0.0 60 - 9 2.5 6 5  " V O  s 
52 . 37 0.640 o . o u 0 . 054 - 90 . 1 3 9  " V O  s 

52.58 0.6 6 5  0.0 3 7  0.0 4 6  - 8 7  . S U  " v 0 s 
52.7 8 0. 682 0.0 30 0.0 3 8  - 8 5. 1 6 1  " w I 
52 . 9 9 0.6 9 2  0.02 2  0.02 9  - 8 3. 5 3 2  " w s 
5 3 . 20 0.6 9 4  0.0 1 5  0.0 1 9  - 8 3.2 8 1  " w s 
5 3 . U  0.68 9  0 . 00 9  0.0 0 8  - e t . 5 8 8  " 0 s 

5 3.6 1 0.675 0.000 -0.005 - 8 5.9 1 5  " 0 v s 
5 3.82 0. 6 54 -0.00 8  -0.0 1 9  -8 3.U2 " 0 v s 

5 4 . 0 3  0.62 5  -0.0 1 8  -0.0 3 1  -H . 9 3 9  " 0 v s 
5 4.2 3 0. 5 8 7  -0 . 02 7  -0.040 - 6 1 . 502 " 0 v s 
5 4 . U  o . s u -0.0 3 2  -0.0 4 6  -4 6 . 2 3 8  ow v s 
5 4 . 6 5 0. 4 9 6 -0. 0 3 7  -0.0 5 1  - 3 1. 5 7 9  0 v " s 

5 4 . 8 5  O.U 3  -O.O t 2  -0.0 5 6  - 1 7 . 877 0 v " s 

5 5 . 0 6 0 . 3 8 5  -0.04 8 -0.0 6 1  - 4.7 04 0 v " . s 

5 5 . 2 7 0 . 32 4  -0 . 0 5 3  -0.0 6 7  8.1 2 1 0 v " s 

5 5. t e  0.2 5 8  -0.0 5 9  -0 . 0 7 2  20.4 9 9  0 v " s 

5 5. 6 8  0. 1 9 1  -0 . 0 6 4  -0 . 07 6  3 2.2 9 8  0 v s " 
5 5 . 8 9 0. 1 2 1 -0 . 0 6 9  -0 . 0 8 1  4 3.U 3 U V  s " 

5 6.10 0.0 5 1  -0.07 3  -0 . 0 8 4  5 3 . 7 0 4  UV s " 

5 6.30 -0 . 02 0  -0 . 0 7 6  -0.0 8 7  62.9 9 3  UV s " 

5 6. 5 1  -0.09 0  -0.0 7 8  -0.0 8 8  7 1.0 92 0 s " 
5 6.72 -0. 1 5 8  -0.07 9  -0 . 08 9  7 7  . 8 9 0  0 s " 
5 6 . 92 -0.2 2 5  -0.0 80 -0.0 8 9  8 3 . 4 0 1  0 s " 
5 7 . 1 3 -0.2 90 -0.07 9 -0.0 8 8  8 7 . 6 8 9  0 s " 
5 7 . 3 4 -0. 3 5 2  -0.07 8  -0.0 8 7  90.820 w s " 
57 . 5 5 -o . uo -0.0 7 7  -0.08 4  92.8 5 1  w s " 
57 . 7 5 -0 . 4 64 -0.074 -0.0 8 1  9 3. 8 30 0 s " 

57 . 9 6 -0. 5 1 3  -0.010 -0 . 0 1 1  9 3.8 1 6  w s " 
5 8 . 1 7 -0 . 5 5 6  -0.0 6 5  -0.07 1 92.8 9 9  0 " 
58.37 -0 . 5 9 4  -0.0 60 -0.065 9 1.2 00 s 0 " 
58.58 -0 . 62 5  -0.0 5 3  -0.0 5 8  8 8.8 9 1  s 0 " 
5 8 . 7 9 -0.6 4 9  -0.04 5 -0.0 50 8 6 . 2 3 8  s 0 " 
5 8. 9 9  -0. 6 6 6  -0.0 3 7  -0.0 4 2  83.6 4 9  s 0 " 
5 9 . 20 -0 . 676 -0 . 0 2 8  -0.03 2  8 1. 7 6 5  s 0 " 
5 9 . 4 1  -0 . 679 -0.0 1 9  -0.022 8 1 . 6 3 8  s 0 " 
5 9 . 62 -0 . 67 4  -0 . 0 0 9  -0.0 1 1  84 .0 1 7  s 0 • 
5 9.82 -0 . 6 6 1  o . ooo 0.002 8 7 . 0 1 8  s w " 
60 . 0 3  -0.64 1 0.00 9 0.0 1 5  8 5.62 3 s v 0 " 
60.2 4 -0 . 6 1 '  0 . 0 1 9  0.0 2 8  7 7  .07 6 s v 0 " 
60 . U  -0. 580 0.0 30 0 . 0 40 62 . 1 9 7  s v 0 " 
60.65 -0 . 5 3 8  0.040 0.0 50 42.8 U s " v 0 

60. 8 6  -0. 4 90 0.0 4 6  0.0 5 7  22 . u 8  s " v 0 

6 1 . 0 6  -0 . 4 3 8  0.0 5 1  0.0 62 3.530 s . " v 0 

6 1.27 -0. 3 8 1  0.0 5 6  0 . 0 67 - 1 3.2 8 4  s " VO 
6 1 . 48 -0 . 320 0.0 6 1  0.0 7 1  - 2 8.2 2 9  s " V O  

6 1 . 6 9 -0.2 5 6  0.0 6 5  0.0 7 6  -U . 7 0 3  " s v 0 

6 1 . 8 9 -0. 1 8 9  0.0 6 9  0.0 8 0  - 5 3.8 8 6  " s w 

62 . 10 -0. 120 0.07 3  0.08 3  - 6 4 . 80 7  " s w 

Figure 9 .  Ambrose Channel deepened . Tidal elevation referred to MSL ( S ) and tidal current components 

towards NE ( U )  and SE (V)  at grid element A, during one tida l  cycle ( 12. 42 hours ) . Units : m and m/ s .  



• • • • • • 
TIME SE v u VORTICITY 

4 9 . 6 8 -0 . 1 1 5  - o  . 1 1 4  0 . 02 5  4 . 6 5 3  v 

4 9 . 8 9 -0 . 0 5 4  -0 . 1 1 7  0 . 0 2 6  3 . 5 3 5  v 

50 . 0 9 0 . 0 1 2  -0 . 12 6  0 . 02 6  3 . 92 9  v 

50 . 30 0 . 0 8 3  -0 . 12 9  0 . 0 2 9  4 . 0 1 2  v 

50 . 5 1 0 . 1 53 -0 . 1 30 0 . 0 3 0  4 . 2 8 5  v 

5 0 . 7 2 0 . 2 2 2  -0 . 1 3 1  0 . 0 3 2  5 . 1 6 2  v 

5 0 . 92 0 . 2 8 9  -0 . 1 30 0 . 0 3 3  6 . 2 0 8  v 

5 1 . 13 0 . 3 53 -0 . 12 9  0 . 034 7 . 2 1 5  v 

5 1 . 34 0 . 4 13 -0 . 127 0 . 0 3 4 . 8 . 1 1 9  v 

5 1 . 5 4 0 . 4 6 9  -0 . 12 4  0 . 0 34 8 . 8 57 v 

5 1 . 7 5 0 . 520 -0 . 1 1 9  0 . 03 3  9 . 3 90 v 

5 1 . 9 6 0 . 5 6 6  -0 . 1 14 0 . 0 3 2  9 . 6 8 9  v 

52 . 1 6 0 . 60 6  -0 . 10 8  0 . 0 3 0  9 .  747 v 

5 2 . 37 0 . 6 3 9  -0 . 10 1  0 . 02 8  9 . 5 53 v 

52 . 58 0 . 6 6 5  -0 . 0 9 3  0 . 0 2 5  9 . 0 9 2 v 

5 2 . 7 8 0 . 684 -0 . 08 3  0 . 02 1  8 . 3 73 v 

5 2 . 9 9 0 . 6 9 5  -0 . 07 2  0 . 0 1 7  7 . 3 6 9  v 

53 . 20 0 . 6 97 -0 . 0 59 0 . 0 1 2  6 . 067 v 

53 . 4 1 0 . 6 9 2  -0 . 04 4  0 . 00 5  4 . 47 1 v 

53 . 6 1 0 . 67 8  -0 . 02 5  -0 . 004 2 . 84 4  

53 . 82 0 . 6 5 8  -0 . 002 -0 . 0 14 1 . 627 0 

5 4 . 03 0 . 62 9  0 . 02 7  -0 . 02 0  -2 . 8 9 9  0 
54 . 23 0 . 5 9 1  0 . 0 53 -0 . 02 1  - 1 1 . 4 5 4  u " 
5 4 . H  0 . 548 0 . 07 1  -0 . 02 1  - 1 9 . 5 7 2  " u 
54 . 65 0 . 50 1  0 . 08 3  -0 . 0 2 1  -24 . 67 9  " u 

54 . 8 5 0 . 44 9  0 . 0 92 -0 . 02 2  -2 7 . 2 14 " 0 

5 5 . 0 6  0 . 3 93 0 . 100 -0 . 02 3  - 2 8 . 0 9 7  " u 

5 5 . 27 0 . 3 3 2  0 . 1 0 6  -0 . 02 4  - 2 8 . 1 5 3  " u 

5 5 . 4 8  0 . 2 6 8  0 . 1 10 - 0 . 02 6  - 2 7 . 907 " 0 

5 5 . 68 0 . 202 0 . 1 14 -0 . 02 7  -2 7 . 6 8 1  " u 

5 5 . 8 9 0 . 1 34 0 . 1 1 8  -0 . 02 8  - 2 7 . 6 3 8  " 0 

5 6 . 1 0  0 . 0 64 0 . 120 -0 . 02 9  - 2 7 . 8 3 6  " 0 

5 6 . 30 - 0 . 00 5  0 . 12 3  -0 . 0 3 0  - 2 8 . 2 4 5  " 0 

5 6 . 5 1 -0 . 07 5  0 . 12 5  -0 . 0 3 1  - 2 8 . 7 7 8  " 0 

5 6 . 7 2 -0 . 1 44 0 . 12 6  -0 . 0 3 1  - 2 9 . 3 1 4  " 0 

5 6 . 92 - 0 . 2 1 1  0 . 12 7  -0 . 0 3 1  - 2 9 . 7 4 2  " 0 s 

5 7 . 13 -0 . 2 7 6  0 . 127 -0 . 0 3 1  - 2 9 . 9 9 2  " 0 s 

57 . 34 -0 . 3 3 8  0 . 12 7  -0 . 030 - 3 0 . 0 1 1  " 0 s 

57 . 5 5 -0 . 3 97 0 . 12 5  -0 . 0 30 - 2 9 . 7 6 7  " 0 s 

57 . 7 5 -0 . 4 52 0 . 123 -0 . 02 9  -2 9 . 2 3 2  " u s 

57 . 96 -0 . 5 03 0 . 1 2 0  -0 . 02 8  -2 8 . 3 8 7  " u s 

5 8 . 17 -0 . 548 0 . 1 1 6  -0 . 027 - 2 7 . 2 1 6  " u 

5 8 . 37 -0 . 58 8  0 . 1 1 1  -0 . 02 5  -2 5 . 7 0 9  ws u 

5 8 . 58 -0 . 62 2  0 . 1 0 6  -0 . 023 -2 3 . 8 4 6  s " u 

5 8 . 7 9 -0 . 648 0 . 0 9 9  -0 . 02 1  -2 1 . 607 s " 0 

5 8 . 9 9 -0 . 6 6 8  0 . 0 9 1  -0 . 0 1 8  - 1 8 . 97 5  s " 0 

5 9 . 20 -0 . 680 0 . 083 -0 . 0 1 5  - 1 5 . 920 s " u 

5 9 . 4 1  -0 . 683 0 . 073 -0 . 0 1 1  - 1 2 . 4 1 5  s " u 

5 9 . 62 -0 . 67 9  0 . 06 1  -0 . 007 - 8 . 4 3 3  s " 

5 9 . 82 -0 . 6 66 0 . 047 -0 . 00 1  -3 . 9 7 8  s 

60 . 03 -0 . 64 '  0 . 030 0 . 00 6  0 . 7 3 3  s 

60 . 2 4 -0 . 620 0 . 00 9  0 . 0 1 5  5 . 1 9 3  s 

60 . H  -0 . 5H -0 . 02 1  0 . 020 13 . 134 s 

60 . 6 5 -0 . 54 5  -0 . 050 0 . 02 1 23 . 0 3 5  s v 

60 . 8 6 -0 . 4 9 8  -0 . 07 1  0 . 02 0  2 7 . 0 47 s v 

6 1 . 06 -0 . 44 6  -0 . 08 6  0 . 0 1 9  24 . 648 vs 

6 1 . 27 -0 . 3 90 -0 . 0 9 6  0 . 02 0  1 9 .  3 2 9  v s 

6 1 . 4 8  -0 . 3 3 1  -0 . 10 5  0 . 02 1  13 . 8 4 5  v s 

6 1 . 6 9 -0 . 2 6 8  -0 . 1 12 0 . 023 9 . 4 10 v s 

6 1 . 8 9 -0 . 2 0 1  -0 . 1 17 0 . 02 5 6 . 3 6 8  v s 

62 . 10 -0 . 1 3 3  -0 . 12 2  0 . 027 4 . 64 6  v 

Figure 10. Ambrose Channel deepened . Tidal elevation referred 
towards NE ( U )  and SE (V)  at grid element B, during one tidal 
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to MSL ( S ) and tidal current components 
cycle (12 . 42 hours ) . Units : m and m/ s. 



• • • • • • • • • • 
TIME SE v 0 VORTICITY 

4 9 . 6 8 -0 . 2 1 9 - 0 . 002 0. 1 2 8  3 3 . 1 4 2  s v '"' 
4 9 . 8 9 -0 . 1 6 4  -0 . 002 0 . 1 3 4  3 4 . 2 4 1  s v w 
50.0 9 -0 . 1 0 4  -0 . 00 4  0 . 1 3 8  3 6 . 1 8 9  SV '"' 
50 . 30 -0 . 04 1  -0 . 004 0 . 144 3 8 . 1 63 v s w 
50 . 5 1 0 . 024 -0 . 00 4  0 . 1 4 9  3 9 . 5 4 8  v . s  ow 
50 . 7 2 0 . 08 9  -0 . 004 0 . 1 53 40 . 5 1 8  v s ow 
50 . 92 0 . 1 5 5  -0 . 003 0 . 1 5 6  4 1 . 1 54 v s w 
5 1 . 13 0 . 22 0  -0 . 003 0 . 1 57 4 1 . 4 6 7  v s ow 
5 1 . 34 0 . 2 84 -0 . 003 0 . 1 5 7  4 1 . 4 2 2  v s '"' 
5 1 . 54 0 . 3 4 6  -0 . 003 0 . 1 5 6  40 . 98 9  v s w 
5 1 . 7 5  0 . 406 -0 . 002 0 . 1 53 40 . 1 5 9  v s w 
5 1 . 96 0 . 4 6 1  -0 . 002 0 . 1 4 8  3 8 . 9 1 7  v I w 
52 . 1 6 0 . 5 1 3  -0 . 00 1  0 . 142 3 7 . 2 5 1  v s '"' 
52 . 37 0 . 560 -0 . 00 1  0 . 134 3 5 . 1 4 7  v • no 
52 . 58 0 . 60 1  o . ooo 0 . 123 32 . 57 7  v w s 
52 . 7 8 0 . 63 6  0 . 00 1  0 . 1 1 1  2 9 . 52 1  . v  w s 
52 . H  0 . 6 64 0 . 002 0 . 0 9 6  2 5 . 9 4 5  v ow s 
5 3 . 2 0 0 . 684 0 . 004 0 . 078 2 1 . 7 83 v o w  s 
53 . 4 1  0 . 6 94 0 . 00 6  0 . 0 5 6  1 6 . 9 5 5  v 0 w s 
53 . 6 1 0 . 6 9 3  0 . 0 1 1  0 . 02 9 1 1 . 276 0 w v s 
53 . 82 0 . 680 0 . 022 -0 . 00 5  3 . 57 5  0 • w v s 
54 . 0 3  0 . 66 1  0 . 0 2 5  -0 . 0 3 6  -7 . 6 83 o w  s v 
54 . 2 3  0 . 63 1  0 . 020 -0 . 0 5 9  - 1 6 . 14 1  '"' v s 
54 . 4 4  0 . 59 5  0 . 0 14 -0 . 07 5  - 1 9 . 0 9 6  ow v I 
54 . 65 0 . 5 5 5  0 . 00 9  -0.08 9 - 1 8.3 9 6  0 w v I 
5 4 . 8 5 0 . 5 1 1  0 . 00 6  -0 . 0 9 8  - 1 6 . 1 7 1  0 w v s 
5 5 . 0 6  0 . 4 6 3  0 . 00 5  -0 . 10 6  - 1 3. 6 3 8  0 w v s 
5 5 . 2 7 0 . 4 1 1  0 . 0 0 5  -0 . 1 13 - 1 1 . 30 9  0 w v s 
5 5 . 41 0 . 3 5 7  0 . 004 -0 . 1 1 9  - 9 . 3 94 0 w v s 
5 5 . 68 0 . 2 9 9  0 . 003 -0. 1 2 5 -7 . 90 5  0 w v s 
5 5 . 8 9 0 . 2 4 0  0 . 002 -0 . 1 30 - 6 . 7 7 9  0 w v s 
5 6 . 1 0  0 . 179 0 . 002 -0 . 13 5  - 5 . 932 0 w • v s 
5 6 . 3 0  0 . 1 1 6  0 . 00 1  -0 . 13' - 5 . 2 8 9  0 w . v  s 
5 6 . 5 1 0 . 054 o . ooo -0 . 1 43 -4 . 7 90 0 w v .  s 
5 6 . 7 2 -0 . 00 9  -0 . 0 0 1  -0 . 1 4 6  -4 . 3 87 0 w vs .  
5 6 . 92 -0 . 0 1 2  -0 . 002 -0 . 1 4 8  -4 . 04 6  0 swv 
57 . 13 -0 . 134 -0 . 00 3  -0 . 1 4 9  -3 . 73 8  0 s vw 
57 . 34 -o . 1 9 5  -0 . 004 -0 . 1 50 -3 . 4 4 4  0 s v w  
57 . 5 5 -0 . 2 54 -0 . 00 4  -0 . 1 50 -3 . 1 4 8  0 s v w 
57 . 7 5  -0 . 3 12 -0 . 005 -0 . 1 4 9  -2 . 8 3 4  0 s v w 
57 . 96 -0 . 367 -0 . 00 6  -0. 1 4 7  -2 . 4 9 6  0 s v w 
58 . 17 -0 . 4 1 9  -0 . 001 -0 . 1 4 4  -2 . 1 1 9  0 s v w 
5 8 . 37 -0 . 46 7  -0 . 008 -0 . 1 4 0  - 1 . 6 8 9  0 s v w . 
5 8 . 58 -0 . 5 1 2  -0 . 00 9  -0 . 13 5  - 1 . 1 90 0 s v • • 

5 8 . 7 9  -0 . 552 -0 . 00 9  -0 . 12 9  -0 . 604 OS v w .  
58 . 99 -0 . 587 -0 . 0 10 -0 . 120 0 . 0 9 5  s 0 v w 
5 9 . 20 -0 . 6 1 7  -0 . 0 1 0  -0 . 1 10 0 . 9 4 2  s 0 v w 
59 . 4 1  -o . uo -0 . 0 10 -0 . 0 9 8  1 . 9 9 7  s 0 v . w  
5 9 . 62 -0 . 6 5 5  -0 . 0 10 -0 . 083 3 . 3 4 0  s 0 v w 
5 9 . 82 -0 . 662 -0 . 0 10 -0 . 0 6 4  5 . 10 9  s 0 w 
60 . 03 -0 . 658 -0 . 0 12 -0 . 0 3 9  7 . 4 5 6  s v 0 w 
60 . 2 4 -0 . 642 -0 . 0 1 8  -0 . 00 6  9 . 8 5 6  s v 0 . w 
60 . 44 -0 . 62 1  -0 . 02 1  0 . 027 10 . 923 s v 0 w 
60 . 6 5 -0 . 5' 3  -0 . 0 11 0 . 0 54 12 . 700 s v '"' 
60 . 8 6 -0 . 5 5 6  -0 . 0 1 1  0 . 074 1 6 . 57 1  s v w 0 
6 1 . 06 -0 . 5 U -0 . 001 0 . 090 2 1 . 3 2 7  s v W O  
6 1 . 2 7  -0 . 4 7 2  -0 . 004 0 . 103 2 5 . 577 s v w 0 
6 1 . 4 8 -0 . 4 2 3  -0 . 003 0 . 1 14 2 8 . 8 9 1  s v WO 
6 1 . 6 9 -0 . 370 -0 . 002 0 . 12 3  3 1 . 4 6 9  s v '"' 
6 1 . 8 9 -0 . 3 14 -0 . 002 0 . 13 1  33 . 5 8 5  s v '"' 
62 . 10 -0 . 2 54 -0 . 002 0 . 13 8  3 5 . 4 1 9  s v WO 

Figure 1 1 . Ambrose Channel deepened . Tidal elevation re ferred to MSL ( S ) and ti dal current components 

towards NE (U ) and SE (V)  at grid e l ement C, during one tidal cycl e  (12 . 42 hours ) . Units : m and m/ s . 
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