3. Results

3.1. Physical Oceanography

3.1.1. Tide and Water Current

(1) Tide

The time series of tide level are shown in Data Book version of the present
report. At all the three points and for both the rainy and the dry seasons,
variations of tidal range were apparently induced by spring and neap tidal
cycle. The maximum tidal range during the rainy season was nearly 3 m at
Humen (T01) whereas during the neap tide it was less than 1.5 m. The
range of 3 m was also observed during the dry season.

The tidal range at the outer locations (T02 and T03) was slightly smaller
than that at Humen. The dominance of semidiurnal tide was conspicuous at
all the locations. In addition, a substantial diurnal inequality of the
semidiurnal tide was apparent.

The harmonic tidal constants calculated for the regional tide are presented
in Table 3.1.1 for the rainy season and Table 3.1.2 for the dry season. As can
be seen, the amplitude of semidiurnal constituent (M:) was the largest
among all the components. The amplitude of Mz constituent at Humen (T01)
was nearly 65 cm in the rainy season and 55 cm in the dry season, and at
Zhuhai (T02) and Guishan (T03) around 45 cm for both the seasons. The
incremental increase of semidiurnal tide can also be recognized from the bay
mouth to the upper bay. The amplitudes of diurnal components (K: and O:
constituents) were also large. The amplitudes of K1 constituent at the three
locations were 36 to 38 cm in the rainy season and 48 to 53 c¢cm in the dry
season, and those of O1 constituent were 29 to 33 cm in the rainy season and
27 to 29 cm in the dry season. The phase difference of M2 constituent
between the upper bay (Humen) and the bay mouth (Guishan) was 56
degrees in the rainy season and 79 degrees in the dry season, meaning that
the time when the high tide occurs at the upper bay area trails about 2 and
3 hours from that at the bay mouth.

(2) Water Current

The harmonic constants obtained from the time series of currents are shown
in,

® Table 3.1.3 to 3.1.8 for spring tide in the rainy season,

® Table 3.1.9 to 3.1.14 for neap tide in the rainy season,

® Table 3.1.15 to 3.1.20 for spring tide in the dry season, and

® Table 3.1.21 to 3.1.26 for neap tide in the dry season.

The tidal residual currents are shown in,

® Figure 3.1.1 for spring tide in the rainy season,
® Figure 3.1.2 for neap tide in the rainy season,

- 28



® Figure 3.1.3 for spring tide in the dry season, and
® Figure 3.1.4 for neap tide in the dry season.

1) Rainy Season

Spring Tide

Neap Tide

During spring tide, regular variations of tidal currents were clearly
observed at all points and all layers, except some irregularity induced by
diurnal inequality of tides.

According to the harmonic analysis, semidiurnal components dominated at
all points and in all layers.

The directions of the residual currents at the upper layer at all points
showed southerly. However, the directions at the middle and bottom layer
showed different in each point.

The regular variations of tidal currents were also observed at all points and
all layers even during neap tide. The amplitudes of tidal variations were
significantly smaller than those in the spring tide. The asymmetry between
ebb and flood tide during neap tide was also greater than that during the
spring tide.

Comparing to the harmonic constants of 25-hour current data for neap tide,
the difference from the spring tide was that there were cases in which
diurnal component (K1) was comparable to or greater than the semidiurnal
component (Mz).

The direction of residual currents in the upper layer at all points showed
southerly. But the directions in the middle and the bottom layers were
variable at each point.

2) Dry Season

Spring Tide

During spring tide, regular cycles of tidal currents were clearly observed at
all the locations in all the layers, except some irregularity induced by
diurnal inequality of tides.

According to the results of harmonic analysis applied for the 24-hour period
during spring tide, dominance of semidiurnal component was apparent in all

layers at every location.

The tidal residual currents in the upper layer were southerly, while in the
lower two layers they were northerly in some points.
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Neap Tide

Regular cyclic tidal currents were also seen during neap tide, with smaller
tidal amplitudes and greater asymmetry between ebb and flood tides
compared to the counterparts during the spring tide.

The harmonic constants for the 25-hour observation period during neap tide
showed a notable difference from spring tide. There were some cases in
which influence of the diurnal component (Ki) was comparable to or greater
than the semidiurnal component (Ms).

Tidal residual currents for the neap tide in the upper layer were southerly
at all the locations except P19. In the lower two layers, however, northerly
to westerly components were dominant, suggesting possible occurrence of
density circulation.

(3) Tidal Level and Currents

Time series of current vectors during the 25-hour period in the three layers
of each continuous survey point are shown in,

® Figures 3.1.5 to 3.1.10 for spring tide in the rainy season,

Figures 3.1.11 to 3.1.16 for neap tide in the rainy season,

Figures 3.1.17 to 3.1.22 for spring tide in the dry season,

Figures 3.1.23 to 3.1.28 for neap tide in the dry season,

1) Rainy Season

Spring tide

Neap tide

The variations of tidal current in the three layers at each survey point
during spring tide changed regularly along with the variations of the tide. In
other words, the current directions were southerly during ebb tide and
northerly during flood tide. The timing of change of current direction
synchronized in the three layers at most of the survey points. But some
phase differences were recognized at the southern survey points.

The tidal range between low and high tide during the neap tide survey was
much smaller than that during the spring tide survey. Thus, the amplitude
of current velocity during the neap tide survey was also less than that
during the spring tide survey at most of the survey points. But the southerly
currents at some survey points during the neap tide survey were stronger
than those observed during the spring tide survey. It was likely influenced
by the river flow. Basically, the current direction was southerly at the ebb
tide and northerly at the flood tide. The phase differences in current
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direction change among the layers were recognized at some survey points,
which was different from the spring tide survey.

2) Dry Season

Spring Tide

Neap Tide

The tidal currents in the three layers at each survey point during spring
tide varied regularly according to the tide, pointing to the south during ebb
and to the north during flood. The changes in direction nearly synchronized
in the three layers at all the locations with minor delays observed at some
southern survey points.

The phases in current direction changed in the three layers precisely
synchronized when the current direction changed from NW to SE. In the
upper layer, however, the phase of direction change from SE to NW trailed
about 2 hours behind the lower two layers and so did the phase of the peak
current occurrence. The duration of southerly current in the upper layer was
longer than those observed in the lower two layers.

(4) Vertical Velocity Profile (ADCP )

The harmonic tidal constants obtained from the time series of currents are
shown in Table 3.1.27 for 30-day dry season survey and in Table 3.1.28 for
24-hour transient season survey.

1) Dry Season

The harmonic constant of the semidiurnal component (M2) dominated at all
layers followed by the diurnal component (Ki).

The prevailing direction of residual currents was southerly at 0.0 m to 3.0
m-depth and northerly at 3.5 m to 6.5 m-depth. The residual current
magnitude ranges from 26.4 cm/s at 0.0 m to 1.9 cm/s at 3.5m-depth. The
middle layer, 3.5 m, was the turning layer for both the current direction and
the magnitude.

2) Transient Season

The results showed similar trend in the semidiurnal component (Mba).
However, the results should be regarded as a reference only since the survey
period for the harmonic analysis was short.
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3.1.2. Intensive Survey

The results of physical oceanography survey are summarized in three
transverse lines shown in Figure 3.1.29 so that the vertical structure of physical
property can be seen.

(1) Temperature and Salinity

The vertical distributions of temperature and salinity are shown in:
Figure 3.1.30 for temperature during spring tide in the rainy season,
Figure 3.1.31 for salinity during spring tide in the rainy season,
Figure 3.1.32 for temperature during neap tide in the rainy season,
Figure 3.1.33 for salinity during neap tide in the rainy season,
Figure 3.1.34 for temperature during spring tide in the dry season,
Figure 3.1.35 for salinity during spring tide in the dry season,
Figure 3.1.36 for temperature during neap tide in the dry season,
Figure 3.1.37 for salinity during neap tide in the dry season,
Figure 3.1.38 for temperature during neap tide in the transient season,
and
Figure 3.1.39 for salinity during neap tide in the transient season.

1) Rainy Season

Spring Tide

Temperature and salinity were both well-mixed vertically at the upper bay
section during the spring tide. A weak stratification of salinity and
temperature existed at the middle section of the estuary to the bay mouth.
The extent of low salinity water mass from the upper bay was about 45 km.
The distribution of salinity governed the distribution of density in this area.

Temperature along the western line during the spring tide was vertically
well- mixed for the stretch of 0 to 25km with some weak stratification
beyond 25 km. Temperature along the centerline was also well-mixed for the
stretch of 0 to 25km with a weak stratification in the stretch 25 to 75km. In
the stretch over 75 km, a clear temperature stratification could be seen at
around 9m depth. Temperature along the east line was well mixed vertically
for the stretch of 0 to 27 km, and a weak stratification could also be seen
from 27 to 50 km. Thus, isotherms run on a slant for that zone. For the
stretch over 50 km, a clear salinity stratification could be seen in the depths
ranging from 5 m to 10 m.

Salinity along the western line during spring tide was also vertically well
mixed for the stretch 0 to 25km with some weak stratification beyond 25
km. Salinity along the central line was also well mixed for the stretch, 0 to
25 km. Relatively clear salinity stratification was observed from 25 to 45
km. From 45 to 60km, the distribution of salinity was almost homogeneous
in the stretch from 16 to 20. Beyond 60km, clear salinity stratification was
recognized around 7m-depth. Salinity along the east line was well mixed
vertically for the stretch of O to 27 km and a weak stratification could be
seen from 27 to 50 km. Thus, isopleths of ran on a slant in that stretch. In
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Neap Tide

the stretch over 50 km, comparatively clear stratifications could be seen in
depths ranging from 3 m to 6 m.

The extent of low salinity water mass at upper layer, which was shown as
yellow color in the figure, was about 50km in the center and east line.

In contrast to the vertical distributions of salinity during the spring tide, the
profiles of salinity distribution during the neap tide were horizontal. The
extent of low salinity water mass apparently depends on the river inflow.

Temperature along the western line during the neap tide was well-mixed in
the 0 to 10m layer, although a weak stratification was recognized in the
bottom layer for the horizontal stretch of 0 to 10km and the over 35 km
section. Along the centerline, a weak stratification was recognized in the
bottom layer for the stretch O to 30km. For the stretch over 30km,
stratification of salinity was seen of around 5m depth. In the stretch
between 35 and 65 km the stratification was particularly pronounced. A
weak temperature stratification existed in the stretch 0 between 40 km
along the eastern line. The stratification in the stretch over 40 km is more
pronounced, stronger than that in the centerline.

Salinity along the western line during the neap tide was well mixed along
the entire line except in the bottom layer for the stretch between 0 and 15
km, where a weak stratification of salinity appeared. For the stretch
approximately 20 km along the central line, salinity was well mixed in the
upper layer. A weak salinity stratification in that section was also
recognized in the bottom layer. For the stretch over 20 km, a clear
stratification was present in the depth 2 to 5m. For the stretch near 15 km
along the eastern line, salinity was well mixed in the upper layer. In the
bottom layer of that section, a weak stratification was recognized. For the
stretch over 15km, a clear stratification was present in the 2 to 5m-depth.
For the stretch beyond 40 km, the stratification was much stronger than
along the central line.

The horizontal extent of low salinity water mass in the upper layer, shown
in yellow in the figure, exceeded 70km, far greater than 45km that was
observed during the spring tide. The Steering Committee suggested that
the phenomenon were likely because the river inflow during the neap tide
survey was greater than that during the spring tide survey.

2) Dry Season

During the spring tide, temperature along the western line was vertically
uniform for the stretch between 0 and 25 km, with some weak stratification
observed farther to the south. Along the central line temperature was also
vertically uniform for the stretch between 0 and 64 km with minor
stratification discernible farther to the south. Along the eastern line, the
entire transection shows uniform vertical temperature profile.
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During the neap tide, vertical temperature profile along the entire western
line was uniform. Along the central line, a weak stratification can be seen in
the upper layer, at around 4m-depth for the stretch between 0 and 25 km. A
weak temperature stratification was also seen for the stretch between 0 and
30 km along the eastern line.

The temperature range encountered along the three transverses during the
dry season survey was only 2°C at the most, far smaller than 8°C observed
during the rainy season survey. The temperature stratification during the
dry season; therefore, was practically nonexistent.

During the spring tide, vertical salinity profile along the western line was
uniform for the extent beyond 14 km toward the south with some weak
stratification present in the northern stretch.

Along the central and the eastern lines, vertical salinity profiles were
uniform during the spring tide with exceptions of some weak stratification
seen in the bay mouth area.

Low-salinity water mass with value under 10 spreads up to 30 km
southward along the western line, and up to 10 km along the central- and
the eastern lines. There are two of the 8 river mouths, Hongquili and
Henmen, in the middle of the western line exemplified by the red-color in
the figure. The extent of influence by the freshwater, however, was much
smaller than that observed during the previous rainy season survey.

The salinity profile along the western line during the neap tide was nearly
homogeneous. Weak salinity stratification was seen in the stretch between 0
and 60km along the central line, and between 0 and 55km along the eastern
line.

Presence of low-salinity water mass in the upper layer was not clear except
along the western line as influenced by the two river-mouths in the middle
of the stretch.

(2) Density

The vertical distributions of density are shown in,

® Figure 3.1.40 for spring tide in the rainy season,
Figure 3.1.41 for neap tide in the rainy season,
Figure 3.1.42 for spring tide in the dry season,
Figure 3.1.43 for neap tide in the dry season, and
Figure 3.1.44 for neap tide in the transient season.

1) Rainy Season

Spring Tide



The distribution profiles of “sigma-t” in each line were very similar to those
of salinity, indicating that the salinity distribution controlled the
distribution of density in this area.

Neap Tide

The distribution profile of sigma-t during neap tide was very similar to that
of salinity, as the same as that in spring tide. At the bottom of 0 km point
(P01 ), comparatively greater density water mass existed which caused the
density circulation, suggested in the current section ( See section 3.1.1. (2) 1
Neap Tide ).

2) Dry Season

The density profiles (“sigma-t”) along the three lines during both the neap
and the spring tides were nearly identical to those of salinity, indicating also
that the salinity distribution was the primary factor of the density variation
in this region.

In the vicinity of PO1, where the water depth was more than 20m, noted was
the existence of a comparatively high-density water mass in the bottom
layer that may indicate the presence of density circulation.

(3) Turbidity

The vertical distributions of turbidity are shown in,

® Figure 3.1.45 for spring tide in the rainy season,
Figure 3.1.46 for neap tide in the rainy season,
Figure 3.1.47 for spring tide in the dry season,
Figure 3.1.48 for neap tide in the dry season, and
Figure 3.1.49 for neap tide in the transient season.

Suitable periods were extracted from the data of continuous survey points
(P01, P04, P11, P12, P19, and P20) and used as intensive survey data.
Longitudinal distances (x-axis) were defined as the distance between P01
and every point.

1) Rainy Season
Spring tide

The turbidity during the spring tide was very high. The shallower the
survey point the greater was the turbidity, indicating the influence of high
current velocity during the spring tide.

For the stretch up to 15km along the western line, turbidity was over 150
FTU in the bottom layer. And for the stretch 25 to 35 km, turbidity was over
200 FTU in all the layers. For the extent over 35 km, the high turbidity, over
200 FTU, was also observed in the middle to bottom layer.
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Neap tide

Along the central line. high turbidity values, over 200 FTU, were also
observed in all the layers for the stretch 10 to 25 km Similar turbidity
values were observed below 2 m-depth for the stretch between 38 and 64 km
along the central line.

Along the eastern line, high turbidity values, over 200 FTU, were also
observed in all the layers for the stretch between 10 and 30 km. Similar
values were also observed below 2m-depth in the stretch between 45 and 51
km along the eastern line.

Turbidity values tended to be large at the points with depths shallower
thanl10m, suggesting that the influence of tidal current was great at the
shallow survey points.

The magnitudes of turbidity during the neap tide were less than those
observed during the spring tide.

Along the west line, in the stretch up tol5km turbidity was about 100 FTU
in the bottom layer. And for the stretch between 35 and 45 km, it was over
200 FTU in the middle to bottom layers.

Along the central line, in the stretch up to 30 km turbidity was over 150
FTU in the bottom layer, and was over 100 FTU in the upper to middle
layers.

Along the eastern line, in the stretch between 32 and 39 km turbidity was
nearly 100 FTU in all the layers. For the extent around 47km, turbidity was
also about 100 FTU in the middle to bottom layers.

Generally, turbidities during the neap tide were lower than those during the
spring tide, although they tended to be large at the survey points with
depths shallower than 10m.

2) Dry Season

Along the western line, in the stretch up to 10 km, the shallowest of the
three, turbidity was strongly stratified, with over 200 FTU in the bottom
layer to around 50 FTU in the upper layer while in the southern stretch over
25 km, turbidities were almost uniform at around 50 FTU in the entire
depths. The high turbidities over 200 FTU were also noted at several
locations along the deeper central line. High-turbidity zones appear more
sporadically along the deepest eastern line. The thickness of the
high-turbidity layer was also thinner along the eastern line than along the
other lines. This suggests the existence of a relationship between water
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depth and occurrence of high turbidity, which in turn, implies the occurrence
of bottom sediment re-suspension where water was shallow and tidal
currents were strong.

High-turbidity water masses, over 100 FTU, were seen at every shallow
survey points along the three lines during both the spring and the neap tide.
Overall, however, turbidity values during the spring tide were higher than
those during the spring tide.

(4) Light Quanta

The vertical distributions of turbidity are shown in:

® Figure 3.1.50 for light quanta during spring tide in the rainy season,
Figure 3.1.51 for light quanta during neap tide in the rainy season,
Figure 3.1.52 for light quanta during spring tide in the dry season,
Figure 3.1.53 for light quanta during neap tide in the dry season, and
Figure 3.1.54 for light quanta during neap tide in the transient season.

The suitable periods were extracted from the data obtained from the
continuous survey points (P01, P04, P11, P12, P19, and P20) and were
substituted as the intensive survey data. The longitudinal distances (x-axis)
were again defined as the distance from P01 and every point.

Light quanta attenuation rate, the ratio of light quanta measured at the
survey depth to the quanta measured on-board of the survey vessel
simultaneously, was determined to evaluate the so-called compensation
depth of primary production. Generally, it is defined that the compensation
layer of primary production is the water depth at which the attenuation rate
becomes 1%. During nighttime or precipitation, light quanta were not
measured.

1) Rainy Season

Spring tide

Neap tide

Compensation depth turned deeper along the longitudinal distance toward
the south, indicating a relationship between distribution of turbidity and
compensation depth.

Along the central line, in the stretch 0 to 12km, compensation depth was
about 1m. In the farther stretch southward, it became deeper. For the
stretch over 80km, 1t was more than 5m.

Along the eastern line, in the stretch 0 to 25km, compensation depth was
also about 1m, turning deeper in the farther stretch toward the south. For

the stretch beyond 60 km, it was more than 5m.

Comparing the vertical distributions of turbidity, the relationship between
low-turbidity and deeper compensation depth is evident.
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Compensation depth turned deeper with distance toward the south, similar
to the case during the spring tide.

Along the western line, in the stretch near Okm, compensation depth was
about 6m. Farther than 10km, it decreased to as shallow as 2m.

Along the central line near Okm, compensation depth was about 6m and
farther up to 12km it was about 3m becoming deeper toward the south. Over
40km, it reached almost to the local bottom.

Along the eastern line, for the stretch near Okm, compensation depth was
about 6 m. For the stretch near 12km, it was about 3m gradually
increasing toward the south. In the stretch over 30km, it was over 5m.

Comparing the vertical distribution of the turbidity, the low turbidity
sections, such as at Okm in all the lines or at 85 km in the central line,
showed deeper compensation depth. Thus, a relationship between
low-turbidity and compensation depth is evident.

2) Dry Season

The compensation depth, as defined, along the western line during neap tide
was about 3 m throughout the length of the transverse. The blue area in the
upper layer indicates absence of data due to precipitation. Along both the
central and the eastern lines, the compensation depth tends to become
deeper with the distance toward the south. Comparing with the vertical
distribution of turbidity shown, the low turbidity zones such as the 60 to 88
km stretch along the central line or the 42 to 73 km section along the
eastern line coincide with the zones of deeper compensation depth.

During the neap tide, while the compensation depth along the western
transverse was almost steady at about 4 m throughout the line, it turns
deeper with the southward distance along the other two lines, the same
tendency observed during the spring tide survey.

3.1.3. Continuous Survey

(1) Temperature and Salinity

The vertical temperature and salinity distributions for 24 hours in 6 survey
points are shown in:

® Figure 3.1.55 to 3.1.60 for spring tide in the rainy season,

Figure 3.1.61 to 3.1.66 for neap tide in the rainy season,

Figure 3.1.67 to 3.1.72 for spring tide in the dry season, and

Figure 3.1.73 to 3.1.78 for neap tide in the dry season.

1) Rainy Season

Spring tide
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Distribution of temperature and salinity depended on the condition of tide

and tidal current i.e.;

® salinity / temperature stratification was present during flood tide or
during northerly tidal currents; and,

® gsalinity / temperature stratification disappeared or became weak during
ebb tide or during southerly tidal currents.

The vertical distribution of salinity and temperature at P01 during the
spring tide was almost homogeneous through the survey period. At the flood
tide (at 23 to 5 LST and 14 to 17 LST), when the tidal current direction was
NVW, salinity became slightly greater in the bottom layer and temperature
became slightly lower. However, the changes were very small.

At P04, the vertical distribution profiles of salinity were almost uniform
throughout the survey period in the spring tide. Some changes in the
temperature variation were recognized between with ebb and flood,
although the differences were very small.

In the time series of salinity at P11, comparatively clear salinity
stratification was recognized at 10 to 16 LST and at 22 to 10 LST, except
during the period when strong southerly currents dominated. The depth of
the stratification turned deeper along with the increase in the current
strength. Temperature stratification disappeared after the low tide, when
the current speed reached the maximum, and uniform salinity distribution
persisted about 6 hours until 22 LST, the high tide. Afterward,
comparatively distinct stratification of salinity persisted at around 5 m
depth until the survey was terminated. In the latter half of the survey
period, salinity stratification persisted even during the ebb tide because of
the smaller amplitude of tidal current velocity by diurnal inequality, and it
became were pronounced along with the change of tide from ebb to flood at 5
LST. The time series of temperature was similar to that of salinity.

Weak salinity stratification at P12 began to disappear when southerly
current started at 12 LST, and uniform-salinity water mass prevailed for 6
hours until northerly current started at 18 LST. In the latter half of the
survey period, the stratification persisted even during the ebb tide because
of the weaker tidal current velocity influenced by the diurnal inequality, and
it turned more distinct along with change of tide from ebb to flood at 5 LST.
Salinity stratification in the latter half of the survey period was more
pronounced than that in the former half with its depth between 3 and 9 m. A
pattern of the temperature variation was similar to that of salinity, although
the temperature stratification was much weaker.

Salinity stratification at P19 was weaker compared to the other survey
points. The vertical distribution had the tendency to become homogeneous
during the flood tide, when the current direction was NW. Weak
temperature stratification in the wupper layer at P19 became
indistinguishable following the change of tide from ebb to flood. The vertical
temperature distribution became uniform after 20 LST when the northerly
current ceased in the three layers. A cooler water mass appeared at the
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Neap tide

bottom layer after 4 LST when the tide began to change from low tide to
flood and it persisted until the end of the survey.

When southerly current dominated at P20, distinct salinity stratification at
3 to 7 m depths persisted until 23 LST, when the current changed to
southerly again. From 16 to 18 LST when the southerly current at three
layers reached the maximum, a weak vertical mixing occurred. The same
phenomenon was recognized at 11 LST, when the northerly current in the
three layers turned southerly. A high salinity water mass was recognized
below 10 m-depth at every 6 hours regularly. A weak stratification existed
at around 5 m depth all the time except when the aforementioned
phenomena occurred. These might indicate the existence of upwelling from
the deeper outer sea, which was also suggested by the Steering Committee.
The time series of temperature showed the same profiles as those of salinity.
The same phenomena, the weak vertical mixing and upwelling of cold water
mass, were also recognized.

The degree of salinity / temperature stratification during the neap tide was
stronger than that during the spring tide. The stratification persisted at
most points throughout the survey regardless of strength and direction of
the tidal currents.

During the neap tide, salinity in the upper layer within 5m at PO1 always
showed 0 value because of the weaker tidal influence. Salinity contour lines
formed horizontally throughout the survey, without discernible
stratification. A comparatively high salinity water mass persisted in the
bottom layer during the survey even when the currents were southerly.
Weak temperature stratification persisted at around 10m-depth throughout
the survey. Horizontal contour lines formed below 10m-depth similar to
that of salinity distribution, although vertical contour lines were observed
above 10m-depth.

Unlike the other points, the profiles of time series of salinity at P04 were
almost homogeneous. Contour lines of temperature formed vertically,
indicating that the water mass at P04 was well mixed by the steady
southerly current.

Strong salinity stratification was observed at P11 at 3 to 5m-depths
throughout the survey. The stratification was steady, although some
turbulence was recognized at the point of tidal transition, such as at 11 LST
and at 17 LST. The same tendency appeared in the time series of
temperature; however, the changes were much smaller than those of
salinity.
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The depth of salinity stratification at P12, 2 to 3m below the surface, was
shallower than that at P11. The stratification of salinity became unclear at 4
LST when the current velocity at all the layers became weak. A
comparatively high salinity water mass appeared in the bottom layer when
northerly current persisted, at 13 to 17 LST and 0 to 7 LST. The same
tendencies were recognized in the time series of temperature: shallower
stratification depth, weak stratification at the point of tidal transition, and
appearance of cooler water mass in the bottom layer.

The salinity stratification at P19 persisted throughout the survey period.
The depth of stratification varied from 2 to 5m, depending upon the tidal
current condition. The depth of stratification became deeper as the southerly
current persisted and became shallower during the northerly current. Time
series of temperature at P19 showed the same tendency as that of salinity.

The salinity stratification at P20 also persisted throughout the survey
period in the depth, 2 to 3m, depending upon the current condition. During
the southerly current, the depth of stratification turned deeper and it
became shallower after the tidal current changed to northerly. The depth of
salinity stratification was 1 m at 5 LST when the strong northerly current
started to change its direction. In addition to the upper layer as mentioned
above, the secondary salinity stratification formed at around 5m depth, and
it became sharper every 6 hours such as at 21, 2, 8, and 9 LST. This
suggests the existence of upwelling, as discussed in the previous section.
The time series of temperature at P20 showed similar profiles as that of
salinity.

2) Dry Season

Spring Tide

Neap Tide

The vertical temperature distribution at P01 during the spring tide was
almost homogeneous throughout the survey period. Salinity varied with the
tidal change. After the northerly flood-currents persisted, a somewhat
higher-salinity water mass appeared in the bottom layer (0 to 3 LST). On
the other hand, following the southerly ebb-currents, a lower-salinity water
mass appeared in the upper layer (7 to 13 LST). The range of salinity
variation, however, was small compared to the results found in the previous
rainy season survey

At the other survey points during the spring tide, the vertical salinity and
temperature distribution profiles remained almost steady. The distribution
patterns were vertically mixed and the range of salinity variation was
within 5 while that of temperature was less than 2°C, significantly smaller
than those observed in the previous rainy season survey.

During the neap tide at P01, a low-salinity water mass appeared in the
upper layer after the prolonged southerly ebb-current (0 to 7 and 13 to 18
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LST), forming weak salinity stratification. In the bottom layer, a
comparatively high-salinity water mass remained all the time. As the range
of temperature change was within 2°C, its distribution profile was almost
uniform.

Weak salinity stratification was observed at P11 from 23 to 5 LST, following
the persistent southerly ebb-current.

At P12, weak salinity stratification was also observed from 0 to 5 LST,
following the southerly ebb-current.

Weak salinity stratification at P19 seen from 23 to 16 LST persisted longer
compared to the other survey points. This was likely because the duration of
southerly current was longer in the upper layer than in the other two layers,
while the southerly current brought high-salinity water masses into the
middle and the bottom layers.

At the other survey points, the vertical salinity and temperature profiles
were almost uniform throughout the neap tide. The ranges of salinity and
temperature fluctuations were within 5, and 2°C, significantly smaller than
those observed during the previous rainy season survey.

The patterns of time series for salinity and temperature during the neap
tide were primarily horizontal, whereas they were vertical during the spring
tide.

The salinity / temperature stratification during the neap tide was
significantly stronger than that observed during the spring tide.

Compared to the results of the rainy season survey, salinity values observed
at all the survey points were significantly greater in the dry season.

(2) Turbidity

The vertical turbidity distributions for 24 hours in 6 survey points are
shown in:

® Figure 3.1.79 to 3.1.80 for spring tide in the rainy season,

Figure 3.1.81 to 3.1.82 for neap tide in the rainy season,

Figure 3.1.83 to 3.1.84 for spring tide in the dry season, and

Figure 3.1.85 to 3.1.86 for neap tide in the dry season.

1) Rainy Season

Spring Tide

Turbidity increased along with the increase of current magnitude, especially
at the shallow survey points.

Turbidity at PO1 was generally low at all the layers during the survey period
compared to the other survey points except P20. However, the values tended
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Neap tide

to be large when the current velocity increased, for example at 21, 0, 6, 13,
and 17 LST.

Turbidity at P04 was consistently greater than at POl1. The tendency that
the greater the current velocity the higher the values of turbidity, was also
recognized at this point.

The background turbidity was very low at P11, although it became much
higher following the increase of current magnitude. Turbidity values, over
200 FTU, were observed in almost all the layers at 16 and 17 LST.

At P12, increase turbidity was observed in the bottom layer at 14 LST, and
in all the layers at 17 to 21 LST, and at the bottom layer at 6 to 9 LST. The
increment of turbidity increase was over 200 FTU each time. The turbidity
increase occurred consistently when the tidal current strengthened.
However, the increase of turbidity at all the layers from 17 LST trailed
about one hour from the maximum tidal velocity.

Turbidity at P19 always was persistently high in the middle to bottom
layers throughout the survey, without any relation to the current strength
and directions, likely because of the shallow depth. When the current
magnitude increased, the turbidity also increased for example at 16 to 17
LST, 1 to 2 LST, and 9 to 10 LST.

Turbidity at P20 was low throughout the survey period except 16 to 20 LST,
when it increased in the middle to bottom layers following the increase of
the tidal current velocity.

Turbidity at PO1 was low throughout the survey period. When the current
velocity increased, the turbidity values tended to increase in the bottom
layer, for example at 5 LST and from 14 LST.

The southerly tidal current dominated at P04, and the turbidity increased
with the increase of current speed. Especially, the turbidity in the latter half
of the survey period was higher than that in the first half, because of the
stronger tidal currents.

Turbidity at P11 was low throughout the survey period. When the current
magnitude increased, the turbidity values tended to increase in the bottom
layer, for example at 13 LST and at 3 LST.

Turbidity at P12 was also low throughout the survey period, except some
slight increases at 12 to 14, 17, and 0 to 2 LST, when the northerly current
dominated.

Turbidity at P19 did not vary significantly throughout the survey period,
except for occasional increase in the bottom layer when the tidal currents
were strong.



The time series of turbidity at P20 were homogeneous and their values were
very low, likely as a result of the weak tidal currents and the deeper depth.

2) Dry Season

Spring Tide

Neap tide

Turbidity during the spring tide showed a clear correlation with the current
magnitude especially in the shallow waters.

At PO1, turbidities in the bottom layer were generally high during the
spring tide. The thickness of high-turbidity layer became greater when the
southerly current component increased, as seen in the figures at 6 to 8 LST.

At P11, high-turbidity layer extends from the bottom to the surface at 21 to
23 and 4 to 10 LST at which current magnitudes and turbidities also tended
to be higher.

At P12, high-turbidity layer also extended from the bottom to the surface at
4 to 6 LST following the persistent high tidal current.

At P19, turbidity was high all the time except during 20 to 0 LST without
apparent relation to the current magnitudes or the directions. The
shallowness and the strong influence of tidal currents of the area were likely
reasons for this phenomenon.

At P20, turbidity was generally low throughout the survey period except 3 to
7 LST when it increased from the bottom to the surface following the
incremental increase in the tidal current magnitude.

At P22, the turbidity was relatively low throughout the survey period. The
current magnitude was also small compared to the other survey points.

Turbidity at PO1 during the neap tide were also low throughout the survey
period. When the current magnitude increased, the turbidity also tended to
increase in the bottom layer.

The turbidities at the other locations were comparatively low throughout
the neap tide.

(3) Light Quanta

The vertical light quanta distributions for 24 hours in 6 survey points are
shown in:

® Figure 3.1.87 to 3.1.88 for spring tide in the rainy season,

® Figure 3.1.89 to 3.1.90 for neap tide in the rainy season,

® Figure 3.1.91 to 3.1.92 for spring tide in the dry season, and



® Figure 3.1.93 to 3.1.94 for neap tide in the dry season.

1) Rainy Season

Spring Tide

Neap tide

A relationship between the compensation depth and turbidity distribution
was recognized at several survey points.

At PO1, compensation depth was 2 m during the first half of the survey
period. The depth tended to be deeper in the latter half. No relationship was
detected between the distribution of turbidity and the light attenuation rate.

At P04, compensation depth at was deeper than that at PO1. The depth was
between 3 m to 5 m throughout the survey period. It reached almost to the
bottom at 18 to 19 LST. The compensation depth tended to be deeper at 10
and 15 LST when the turbidity became lower.

At P11, compensation depth was 3 to 5 m throughout the survey period
except at the 1 m-depth between 17 and 18 LST, just after the tidal current
magnitude reached its maximum. At that time, high turbidity, generated by
strong tidal current, reached to the water surface.

At P12, compensation depth was 1 to 4 m throughout the survey period
except between 18 and 19 LST and at 6 LST, when the compensation depth
reached to the bottom. Both phenomena occurred when the current direction
started to change. The high turbidity, which reached to the water surface
between 16 and 18 LST, caused the decrease in compensation depth.

At P19, compensation depth was 2 to 4 m throughout the survey period
except between 18 and 19 LST, when the direction of tidal current started to
change. No relationship was recognized between the distribution of turbidity
and the light attenuation rate.

At P20, compensation depth was 3 to 12 m throughout the survey period
except between 18 and 19 LST and at 7 LST, when it reached almost to the
bottom. It coincided with the change in direction of tidal current.

Although relationship between the turbidity and the light attenuation rate
was not precisely clear, the decrease in compensation depth followed the
increase of turbidity at surface at several survey points.

Comparing with the spring tide survey, a relationship between the
compensation depth and the distribution of turbidity was hardly seen
because of the low turbidity values resulting from the weaker tidal current.

At P01, compensation depth was 1 to 3m throughout the survey period
except at 12 LST when the compensation depth reached 12 m and the tidal



current velocity was at the maximum. No relationship was recognized
between the distribution of turbidity and the distribution of attenuation
rate.

At P04, compensation depth was 3m in the first half of the survey period. In
the latter half, when the turbidity increased by the northerly tidal current,
the depth became 1 m.

At P11, compensation depth was 4m throughout the survey period and it
was steady. The turbidity was also low.

At P12, compensation depth was 5 to 10m throughout the survey period. No
relationship was found between the turbidity and the light attenuation rate.

At P19, compensation depth was 5 to 7m throughout the survey period and
it reached to the bottom during most of the survey period. The turbidity at
the surface was low throughout the survey.

At P20, compensation depth was 8 to 12m in the first half of the survey
period and 8 to 18 m in the latter half. At 10 LST, compensation depth
reached to the bottom, 18 m, even though it was relatively deep. The
southerly currents at the three layers were not very strong at that time. The
upwelling influence, indicated by the clear visibility water mass, could be
the reason since such an increase of compensation depth also occurred at 15
LST. No relationship was found between the turbidity and the light
attenuation rate.

2) Dry Season

Spring Tide
A clear relationship could be seen at several survey points, between the
compensation depth and the turbidity distribution driven by the tidal
currents during the spring tide
At P01, compensation depth during the spring tide was 3m in the leading
half, increasing toward the trailing half when the high-turbidity layer turns
thinner.
At P11, compensation depth was steady at about 2m during the spring tide.
Light quanta data were absent for P12 and P19 because of the rain.

At P20, compensation depth during the spring tide was about 7 m while
turbidities remain relatively low.
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Neap tide

At P22, compensation depth was about 6m throughout the spring tide while
turbidities were also low.

During the neap tide, the compensation depths were typically greater than
those during the spring tide coinciding with the lower turbidities and the
weaker currents.

At P01, compensation depth during the neap tide was about 3 m from 7 to 11
LST increasing to almost 6m following the persistent northerly currents
that brought the low-turbidity water mass from the bay mouth.

At P11, compensation depth during the neap tide varied from 3 to 6 m
reaching almost to the bottom. Despite the shallowness, turbidities were
comparatively low throughout the period as a result of the weak currents.

The compensation depths at the other survey points during the neap tide

were also deep, 3 to 9 m, throughout the period during which turbidities
were low and currents were weak.
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Table 3.1.1 Harmonic Constants of Tide in the Rainy Season, 31 July to 30 Aug. 2000

HuMen, TO1 GuiShan, TO3
5% | WEGn) | BAC) S48 EECen) EAC)
K, 36. 18 318. 96 K, 38. 29 295. 85
0, 32.52 268. 46 0, 30. 46 240. 25
P, 12. 05 318. 96 P 12.75 295. 85
Q 5. 47 250. 56 Q 2. 65 216. 69
M, 64. 46 299. 80 M, 44. 23 243. 95
S, 23. 11 339.53 S 19. 03 279. 78
N, 13. 78 278. 05 N, 10. 44 226. 06
K, 6. 29 339. 53 K, 5. 18 279. 78
L, 4. 43 325. 79 L, 1. 76 253. 49
V, 2. 67 278. 05 Vo 2.03 226. 06
iy 0.55 129. 90 Ly 2.43 235. 33
M, 7. 68 127. 32 M, 3. 88 327. 69
MS, 5. 77 181. 02 M3, 2.43 17. 16
KA 401. 73 (cm) u3:2), ¢ivl 288. 12 (cm)

Zhuhai, TO2
5% iEEen [BAC)

K, 37.80 300. 25
0, 29. 41 244. 42
P 12. 59 300. 25
Q 5. 80 221. 07
M, 46. 97 253. 35
S, 20. 26 289. 54
N, 10. 87 236. 64
K, 5. 51 289. 54
L, 1.97 264. 43
V, 2. 11 236. 64
Iy 2.59 245. 94
M, 4.09 353. 43
NS, 2. 76 43. 43
JEIG7K AL 282. 41 (cm)




Table 3.1.2 Harmonic Constants of Tide in the Dry Season, from 1 to 31 Dec. 2000

[Humen ,TO1} [Guishan,TO3]
Components | Amplitude (cm) Retardation(") Components | Amplitude (cm) Retardation(")
K, 52. 91 301.79 K, 47.73 268. 83
0, 27.2 268. 98 0, 28. 16 235.71
P, 17.62 301.79 P, 15.89 263. 83
Q 5. b4 249. 83 o) 6. 09 218
M, 55. 48 303.72 M, 42.2 22438
S, 18.62 304. 15 S, 15.7 232.17
N, 11.04 302. 25 N, 9.03 221,83
K, 5.07 304. 15 K, 4.27 232. 17
L, 1.5 334.89 L, 0.78 291. 31
v2 2.14 302. 25 v2 1.75 221.83
u2 121 166. 52 un2 2.58 175
M, 4 86. 12 M, 3.28 234.68
MS, 0384 122. 24 MS, 165 254. 16
Mean Level 372.06(cm} Mean Level 301.92(cm)
[Zhuhai ,T02]
Components | Ampiitude (cm)| Retardation(’)
K, 48.74 283. 91
0, 28.52 25452
P, 16. 23 283. 91
Q 6 235. 45
M, 44,17 263. 91
S, 16.28 272.63
N, 941 260. 68
K, 443 272.63
L, 0.79 333.73
v2 1.82 260. 68
n2 2.62 212.52
M, 3.94 319. 83
MS, 1.74 340.99
Mean Level 340.99(cm)




Table 3.1.3 Harmonic Constants (P01, Spring Tide, Rainy Season)

Layer‘Upper
Observed period:2000/8/2 20:00 to 2000/8/8 20:00
Component of ellipse
h |
East component {North comporent Tong axis Ry a——
C tit itu ity £ itude o itude o
onshtuent A"::llm:e of Phase lag Anizll:mf of Phase lag| Direction M:zl;:cii_ i Phase lag| Direction An:zlll:mi f Phase lag
{em/s) (degree) (cm/s) (degree) | (degree) {cm/s) {degree) | (degree) (cm/s) {degree)
M1 34.28 94.83] 3007 288.17| 311.16| 45.30]| 280.61 41.16 5.25 10.61
M2 7936 17942 79.45 | 358.47| 315.03| 112.29| 358.95] 4508 0.93 ] 268.95
M4 891 85.69 16.18 | 305.50 | 334.73 17.72 | 297.59] 64.73 5.21 27.59
Steady 1 33 15 (cmis) -18.54 (cm/s) 119.22 (degree) 37.98 (cmis)
component
Layer:Middle
Observed period:2000/8/2 20:00 to 2000/8/3 20:00
Component of ellipse
| East component |North componen Tons ks Chor onis
Constituent M:S::f: of Phase lag Anzlll::: of Phase lag| Direction An::;:‘:: o Phase lag| Direction An::]:::: of Phase lag
{cm/s) (degree) (cm/s) | (degree) | (degree) | f(em/s) | (degree) | (degree) | (cm/s) | (degree)
M1 31.81 5423} 31.84| 24069 31502 | 4494| 23746 45.02 2.53 | 327.48
M2 77.07 81.29] 7929 260.34| 315.81 | 110.57| 260.80| 45.81 0921 170.80
M4 10.77| 281.63 11.89| 119.74 | 317.97 1584 111.60| 47.97 2,511 201.60
Steady | 9369 (emie) 2357 (emie) | 134.94 (degreo) 33.37 (coole)
Loemponsnt
Layer:Lower
Observed period:2000/8/2 20:00 to 2000/8/3 20:00
Component of ellipse
| East component |North component Tong axis Short anis
Constituent m‘i:?::ie of Phase lag m’zl;:::: of Phase lag| Direction Ani:?:::: of Phase lag] Direction An:i];::ie of Phase lag
(cm/s) (degree)} {em/a) (degree) | (degree) | (cm/s) | {degree) | (degree) | (cmss) | (degree)
M1 25.60 62.13| 36.43] 23081 ] 325.09| 44.34] 234.53| 55.09 4,13 | 144.53
M2 66.88 77.80| 81.49| 257.09] 32062 | 105.42| 257.38| 50.62 0.64) 167.38
M4 12.26| 296.83| 11.67| 102.19] 313.54 16.79 | 109.88 | 43.54 2.15 19.88
Steady 1 9634 (coss) -20.99 (emfs) | 18591 (degree) 20.23 (emis)
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Table 3.1.4 Harmonic Constants (P04, Spring Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/2 20:00 to 2000/8/3 20:00

Component of ellipse

East component | North component]

Long axis Short axis
Constituent[Anrlimae of Amplitads of Amplitude of Amplitde o
P Phase lag Pt Ol Phase lag{ Direction P Phase lag| Direction P Phase leg
velocity velocity velocity velocity

{cm/s) (dﬂe) (cm/s) | (degree) | (degree) | fcmis) | (degree) | {(degree) (cmig) (degree)
M1 2416 56.54[ 2398| 23144 314.78| 34.01] 23401} 44.78 1.521 144.01

M2 50.93 62.78 53.80 | 242.71] 316.57 74.08 | 242741 46.57 0.05] 152.74
M4 7.36 | 289.39 878 71.19]| 321.38] 1085} 86.36] 5138 3.68 | 356.36
mf’_f;:g:m 26.16 lcmis) | -31.68 Gmis) | 140.45 (degree) 41.08 fem/s)
Layer:Middle
Observed period:2000/8/2 20:00 to 2000/8/3 20:00
Component of ellipse
- East component |North componen Tong axis STort anis
Constituent An:il:zzd Phase lag An:_tl;:: of Phase lag] Direction An::::::d Phase lag] Direction An:::::; of Phase lag
(em/s) | (degree) | (cm/s) | (degree) (d;egiee) (cmls)_ (degree) | (degree) | (cm/s) | (degree) ‘
M1 2727 54.85| 42.08 [ 224.37] 327.23| 4997 22745 57.23 4.18] 137.45
M2 50.33| 6240 66.73| 241.49| 32297 | 83.58| 241.82| 5297 0.64] 151.82
M4 6.35| 246.48 756 | 14.18] 322.97 890 34.06] 5297 4.27{ 304.06
Steady | 2286 we) | -43.82 @mi) | 15245 Gegree) 49.42 (cmis)
Layer:Lower
Observed period:2000/8/2 20:00 to 2000/8/3 20:00
Component of ellipse
| East component | North component] Tong axis Short anie
Constituent AmphmAde of Phase lag Amth_de of Phase lag| Direction Am‘mm_de of Phase lag| Direction Amphm_deoﬂ Phase lag
velocity velocity velocity velocity
(cm/s) | (degree) | (cm/s) | (degree) _@egree) (cm/s) | (degree) | (degree) (cmfi) (degree)
M1 1564 64841 24907 233.12] 32790 29.11] 236.44] 57.90 2.70 | 146.44
M2 3881 60.39] 49.27!| 238.72] 321.77| 62.71)] 239.36{ 51.77 0.88 | 149.36
M4 8.19 | 286.49 761| 8598] 31275 11.00| 97.02] 42.75 1.99 7.02
Steady | 1545 (mi9 | -32.31 Gmis) | 154.44 (degre) 35.81 (cmis)




Table 3.1.5 Harmonic Constants (P11, Spring Tide, Rainy Season)

Layer:Upper
Observed period:2000/7/31 9:50 to 2000/8/1 9:50
Component of ellipse
Eas North t
Ast C'Omponent 0 componen Long AXIS Short XIS
Constit 1] itude E it E jru jitude
onetuen ::::]:;:‘ Phase lag :;I:Tll;:: Phase lag| Direction :;t:l]'l:mt:: Phase lag] Direction ':::l::mi Phase lag|
{om/s) (degree) (cmis} | (degree) | (degree} | {(cmis) | (degree) | (degree) | (cm/s) | (degree)
M1 28.49 4211 3550 222.051 322.85 ] 43.19} 207.91] 52.85| 14.36| 297.91
M2 12.54 12.08 | 87.741 228.14| 353.36 | 88.33} 227.59| 83.36 7.33 1 317.59
M4 12.42 136.28 16.82 | 21.28| 333.056 18.11 4.92] 63.06 10.46 | 94.92
Sieady 21.32 (cmfs} -14.66 (cmis) 124.52 (degree) 2587 femfs)
component.
Layer:Middle

Observed period:2000/7/31 9:50 to 2000/8/1 9:50

Component of ellipse
East component North componenlL Tong axis T
Constituent] Amplicude Amplitude . . Amplitude . i Amplitude
of velocity Phase lag of velocit Phase lag{ Direction of velocity Phase lag| Direction of velodity Phase lag
(cmis) (degree) (emis) | (degree) | (degree) | (cm/s} | {degree) | (degree) | (cm/s) | (degree)
M1 10.93 94.30| 43.02} 218,51 | 351.61| 4348/ 220.26| 81.51 8.94 | 130.26
M2 15.34 40.02| 70.03| 215.34 | 347.68| 71.68)| 21565 77.68 1.22 | 125.65
M4 3.14 212.59 12.60 | 348.01 | 340.64 12.80 ) 349.78 | 79.64 217 | 259.78
Steady 11901 (emie) ‘1.39 (oms) | 263.41 (degree) 12.09 femis)
| component
Layer:Lower
Observed period:2000/7/31 9:50 to 2000/8/1 9:50 )
Component of ellipse
| East component North mmponentl Tong aws Shorians
Constituent ‘::EI:S: Phase lag :::,21213 Phase lag] Direction ‘:::T;if: Phase lag] Direction m: Phase lag
(emis) {degree) {cm/s) | {degree) | (degree) | (cm/s) | (degree) | {degree) | (cmis) (deEree)
M1 8.93 4767 33.74| 216.42] 3456.41| 34.86| 217.14| 7541 1.69 | 127.14
M2 10.33 30.03 | 49.28 | 223.66 | 348.46 | 50.30 223.10| 78.46 2,38 | 313.10
M4 3.60 0041 13.83]| 322.41 11.94 14.12 | 324.26 | 101.94 2.15| 54.26
Steady 1409 (oms 0.33 (emis) | 274.58 (degree) 4.11 femis)
| compogent




Table 3.1.6 Harmonic Constants (P12, Spring Tide, Rainy Season)

Layer:Upper
Observed period:2000/7/31 10:00 to 2000/8/1 10:00
Component of elli
East component | North component] Tong axiso L psSZurt i
Constituent 3 rr Ge o8 amplitads of . |Amplitude . |Amplivude of
velocity Phase lag velocity Phase lag| Direction velocity Phase lag] Direction velocity Phase lag
(cml's)_ {(degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 19.47 26.81 2429 219.27] 321.43 30.95 | 214.41 51.43 3.30 | 30441
M2 13.03 | 330.54] 5864 212.80| 353.86| 5897| 211.61] 83.86| 1147| 30161
M4 8.46 | 159.74 534 | 258,44 | 278.78 8.52 | 334.32 8.78 5.24 | 244.32
mif;:ﬁ:n | 017 Cemie) -0.55 (cmis) 196.88 (degree) 0.58 (cm/s)
Layer:Middle
Observed period:2000/7/31 10:00 to 2000/8/1 10:00
Component of ellipse
East component {North componen Tong axis Short onis
Constituentfamplitude of Amplitude of . |Amplitude of ~_ |Amplitude of
velocity Phase lag| velosity Phase lag] Direction velocity Phase lag| Direction velocity Phase lag
{cm/s) | {(degree) | (cmvs) | (degree) | (degree) | (emis) | (degree) | (degree) | (cm/s) | (depree)
M1 216 62,79 23.27] 196.38] 35460 2337 19690] 84.60 2.28 | 106.90
M2 16.00| 31.57| 68.44| 21040 346.85| 70.28| 21046 76.85 0.32| 120.46
M4 4,58 | 310.47 5.63 | 262.59| 36.40 6.67 | 280.20] 126.40 2.87| 10.20
Steady 1 .364 (o) 343 (cmis) | 313.32 (degree) 501 Gmis)
Layer:Lower
Observed period:2000/7/31 10:00 to 2000/8/1 10:00
Component of ellipse
East component North componen Tong axis Fhort anie
ConstituentfAmplitude of Amplitude of | Amplitade of . . |Amplitude of
velocity Phase lag velocity Phase lag] Direction velocity Phase lag| Direction velocity Phase lag
{cm/s) | (degree) (cmls)_ (degree) | (degree) | (cm/s) | (degree) &gree) (cm/s) | (degree)
M1 3.12 0.38] 2957 177.22] 353.99| 29.73| 177.25| 83.99 0.17| 8725
M2 10.73 | 342.00] 66.50) 199.64] 35265| 67.05| 198.92| 82.65 6.50 | 28892
M4 392 24065)] 10251 305.43] 1044 1040 | 301.89| 100.44 349 211.89
Steady | .1 41 (omse) 8.00 (m/s) | 349.98 (egree 8.12 Gmis)
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Table 3.1.7 Harmonic Constants (P19, Spring Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/1 15:30 to 2000/8/2 14:50
C t of ellipse
East component | North component] Tong aXisomponen oor Short axis
Constit A - . -
onshivent An:{‘:l:::: of Phase lag An:l:l;::: °f Phase lag| Direction An:illl:::: of Phase lag{ Direction An::l:::: of Phase lag|
(emss) | (degree) | (cmis) | (degree) | (degree) | (cmis) | (degree) | (degree) | emis) | (degree)
M1 3241] 299.90] 4045 210.84 2.10{ 40461} 212,521 92.10| 3240} 30252
M2 27.71] 332.85| 68.12| 20195| 343.72| 70.72| 197.19| 73.72| 20.18| 287.19
M4 554 | 33.36] 1291 281.83| 34943 13.10| 27769 | 7943 5.08 7.69
Steady 9.05 (cm/s) 918 (mis) | 135.42 (degree) 12.89 (cm/s)
component
Layer:Middle
Observed period:2000/8/1 15:30 to 2000/8/2 14:50
Component of ellipse
| East component | North component] Tong axis Short axis
Constituent An:illi:::l: of Phase lag An?:::;‘:: of Phase lag] Direction Ani_:l;::l‘:: of Phase lag| Direction An::?::: of Phase lag
(cmls_) (degree) | (cm/s) | (degree) | (degree) | (cmis) (degre_e) (degree) (cmis) | (degree)
M1 14.75] 30595 24.26] 206.15] 350.91| 2446 200.76| 8081 14.42| 290.76
M2 21.72 | 324.46| 6834 19190 34722 6999 | 189.01| 77.22| 1562 | 279.01
M4 486 | 168.00 5.68 | 300.051 321.56 685 319.17] 51.56 2991 229,17
Steady 1196 Cms) | -13.05 (mis) | 188.56 (degree) 13.20 fem/s)
L component
Layer:Lower
Observed period:2000/8/1 15:30 to 2000/8/2 14:50
Component of ellipse
| East component | North componen Tong axis ot anis
Constituent AH:I:T::: of Phase lag An::l:::‘:: of Phase lag| Direction An::::::: o Phase lag| Direction An::lll:’:: o Phase lag
{cm/s) | (degree) | (cm/s) (degre_e) (degree) | fcm/s) | (degree) | (degree) | f(cmis) | (degree)
M1 226 34548 11.11] 188.72| 349.35| 11.31| 187.89] 79.35 0.88 277.89
M2 19.23 | 316.40] 57.83| 184.83 ]| 346.80| 59.31) 18165} 76.80| 14.03| 271.65
M4 5.75| 138.38 9.07| 313.31] 32767 10.73 | 314.77] 57.67 043} 224.77
Steady | g 56 (em/e) 865 Ccms) | 224.70 (degree) 12.17 fem/s)
Lsompenent
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Table 3.1.8 Harmonic Constants (P20, Spring Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/1 14:50 to 2000/8/2 14:50
Component of ellipse
East t rth t
ast component [ North component; Tong axis Short axis
Constituent[3rrioac o amplitade of . ]Amplituds of . |Amplimde of
velocity Phase lag velocity Phase lag| Direction velocity Phase lag| Direction velocity Phase lag
(cmli)_ (degree) | (cm/s) (degrei &egree) (cm/s) | (degree) | (degree) (cmfi) (degree)
M1 30.28 | 348.85] 53.34| 216.72| 335.84] 5”7.72| 20756 ] 65.84( 20.76 | 297.56
M2 3755 12.08| 64.94| 214.19] 330.93| 73.98| 208.86| 60.93| 12.41| 298.86
M4 366| 68.91| 16.53| 323.05| 356.37| 16.56| 322.28| 86.37 3527 5228
Steady .
component 10.19 (em/s) 15.31 (cm/s) 146.36 (degree) 18.39 (cm/s)
Layer:Middle
Observed period:2000/8/1 14:50 to 2000/8/2 14:50
A Component of ellipse
| East component { North component Tong axis ot avie
Constituent An:::lll:d; of Phase lag An::’::::re of Phase lag] Direction An:::]:::i:d Phase lag| Direction An::lllz‘:: of Phase lag
(cm/s) } (degree) E-ils) (degree) | (degree) | (cmis) | (degree) | (degree) | {cmis) | (degree)
M1 3.44] 129.14] 39.17 | 183.67 293 39.23| 183.46] 92.93 280 9346
M2 20.02 | 316.21] 8995| 18573 | 351.54( 9091| 184321 8154 15.07| 274.32
M4 2.55| 233.32| 22.57} 307.30 1.811 2258| 307.11| 9181 245| 217.11
Steady | .1738 (o) 929 (m/s) | 230.77 (degree) 14.69 (cmi/s)
Lcompopent
Layer:Lower
Observed period:2000/8/1 14:50 to 2000/8/2 14:50
Component of ellipse
East component | North componen Tong axis Shortanis
Constituent i i i i
onsttaen An:il::::of Phase lag An:l:lll::‘: f Phase lagq Direction An:l:::::d Phase lag| Direction Amv:l;::::d Phase lag
(cm/s) | (degree) | (cmis) | (degree) | (degree) | (cm/s) (degrei (degree) | (cm/s) | (degree)
M1 549 27102 3664 180.74] 35992 | 36.64| 180.71| 89.92 9491 270.71
M2 10.731 288.14| 65.19| 180.18 | 357.02| 65.28| 179.71] 87.02| 10.20] 269.71
M4 058| 4983 18.72} 28122} 33956 | 19.80| 27363 69.56 7.08 3.63
Steady | 409 (mie) 385 lomss) | 133.24 (degree) 5.62 (cmis)

- 95




Table 3.1.9 Harmonic Constants (P01, Neap Tide, Rainy Season)

Layer-Upper
Observed period:2000/8/09 19:20 to 2000/8/10 20:00
Component of ellipse
East component |North component Tong axis Short axis
Constit i i ttude o itude o
mettuent Ameitode ol phase lag [ % ™| Phase lag| Direction { ") e °| Phase lag| Direction | "7, o- °| Phase lag
(cmis) | (degree) | (cmis) | (degree) | (degree) | (cmis) | (degree) | (degree) | (emis) | (degree)
M1 3764 283.14 21.58 | 104.04 | 299.94 43.23 1 103.36 29.94 0.29 193.36
M2 5590 203.74 41.38 26.30] 30650 | 6953 24.64 36.50 1.49| 11464
M4 5951{ 118.51 4.08 | 346.40 300.00 6.70 | 311.57 30.00 2.69 41.57
Steady 38.91 (cm/s) -91 95 (cm/s) 119.88 (degree) 44.06 fcm/s)
component
Layer:Middle
Observed period:2000/8/09 19:20 to 2000/8/10 20:00
: Component of ellipse
| East component |North component| Tong axis Thortanis
Constituent An::;::: of Phase lag An:_':l::::: of Phase lag] Direction An:‘;ll:::: f Phase lag| Direction mttlll::?: DI Phase lag
(cm/s} | {degree} | f(cm/s} | (degree) ]| (degree) | (omss) | {degree) | (degree) | (cm/s) | {(degree)
M1 39.691 24193 44 88 68.88 | 318.53 59.80 65.83 48.53 3.60| 155.83
M2 44.11 103.10 50.63 | 282.76| 318.88| 67.08( 28291 48.88 0.20] 192.91
M4 704 | 246.96 8.20] 101.57| 320.27 10.33 87.25 50.27 3.17| 17725
Steady 13.75 (cm/s) -10.05 (cm/s) 126.16 (degree) 17.03 (cm/s)
| compopent
Layer:Lower
Observed period:2000/8/09 19:20 to 2000/8/10 20:00
Component of ellipse
| East component |North component Tong axis ot ars
Constituent An::‘::d; f Phase lag mii?::: of Phase lag| Direction Amvill:‘:: o Phase lag| Direction An:zl;:‘:: °f Phase lag
(cm/’s) (degree) | (cm/s) (de_gree) (dsgree) (cmls)_ (degree) | (degree) | {(om/s) | (degree)
M1 62561 176.24 3.19 79.11 ] 274.86 6.27| 3b8.69 4.86 3.16| 88.69
M2 8.29 202 22,20 195.03| 339.89| 2363 193.48 69.89 1.751 283.48
M4 3.31| 289.56 9.79 47.48 | 250.16 9.92 50.36] 80.16 2.89 | 320.36
Steady |4 19 (cais) 1009 (mis) | 337.79 (degree) 10.90 (cmis)




Table 3.1.10 Harmonic Constants (P04, Neap Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/09 20:00 to 2000/8/10 20:00
C t of elli
East component | North component Tong ansomponen 2 psSehort P
Constituent e d Amplitude of . |Amplitude of —___ |Amphtade of
velocity Phase lag velocity Phase lag| Direction velocity Phase lag] Direction velocity Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) (cm{i) (degree)
M1 1595 275.49] 34801 7665] 336.161 37.99( 79.791 66.16 4.72 | 349.79
M2 16.15| 82.37| 36.91| 270.69| 336.52| 40.23| 269.37] 66.52 2.15 | 359.37
M4 3.25| 273.04 7.34| 146.73 | 343.47 7.62| 141.121 73.47 252 | 231.12
Steady | 9360 (cmse) -52.51 (em/s) | 155.80 (degree) 57.57 (cmis)
component
Layer:Middle
Observed period:2000/8/09 20:00 to 2000/8/10 20:00
Component of ellipse
East component [North component Tong axis Shortanis
Constituent Ttude o - i -
nsttuen An?:]:::jy f Phase lag An:s:::f: of Phase lag| Direction Aﬁ:‘;:::: of Phase lag] Direction An:‘;::: . Phase lag
{cm/s) | (degree) | (cm/s) (degrt_e_e) {degree) (cmls)_ (degree) | (degree) (cmli) (degree) .
M1 15581 262.73 31.20| 85.73| 333.49| 34.87] 85.14| 63.49 0.73] 175.14
M2 17.36| 90.85| 33.22| 26882| 332.42| 37.48| 269.25{ 6242 0.55| 179.25
M4 2.79| 313.82 4.78 | 141,71 329.86 552 139.72] 59.86 0.33 | 229.72
Steady .
ot 24.86 fem/s) 49.64 (cm/s) 153.40 (degree) 55.52 f{cm/s)
Layer:Lower '
Observed period:2000/8/09 20:00 to 2000/8/10 20:00
Component of ellipse
. East component | North component Tong axis Shortans
Constituent An:l;::: f Phase lag Am::x:: °f Phase lag] Direction Am:f:l:z‘:: of Phase lag| Direction An::::‘:: o Phase lag
(cm/s) | {degree} | (cm/s) | (degxee) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 15.01] 262.40] 30.65| 85.81] 33393 34.12; 8b5.15] 63.93 0.80] 175.15
M2 16.96 [ 85.92| 31.48{ 265.74| 331.69| 35.76 | 265.78] 61.69 0.05| 175.78
M4 346 317.24 6.01| 134.34| 330.11 6.94| 135.06 | 60.11 0.15| 45.06
Steady | 9419 (ems) | -47.85 Cmis) | 153.19 (degree) 53.62 (cmss)
.57



Table 3.1.11 Harmonic Constants (P11, Neap Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/7 10:00 to 2000/8/8 10:00

Component of ellipse
North t
FEast component orth componen Tong axis Shortanis
Constituent o e Ttu .
onstiuen J:;n‘:lll:m‘:: Phase lag A::Zl;;:v Phase lag] Direction ‘:22111;‘:: Phase lag| Direction :z‘:;::: Phase lag
(em/s) {degree} (em/s) | (degree) | (degree} | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 10.54 5535 2477 60.04| 2300 2691 59.32] 113.00 0.79 1 329.32
M2 15.74 275401 4073 | 226,66 | 15.46| 42,14 230.95]| 105.46 11.44 | 320.95
M4 1.79 354.32 7.051 34.74 11.24 7.18| 32.931] 101.24 1.14 | 302.93
Sceady -G48 (emis) -8.96 (cmid) | 226.62 (degree) 13.05 (cm/s)
component
Layer:Middle

Observed period:2000/8/7 10:00 to 2000/8/8 10:00

Component of ellipse
East component North componenll Tong axis TTor aris
Constituent Amplicude Amplitude j . Amplitude ) ) Amplitude
of velocity Phase lag of velocity Phase lag| Direction of veloity Phase lag] Direction of veloity Phase lag,
{cm/s) (degree) {emis) | {degree) | {dogree) | (emisy | (degree) | (degree) | {(cmis) | (degree)
M1 3.64 221.66 3.76 | 86.08] 316.34 484 6481} 46.34 1.98 | 1564.81
M2 6.89 6.76| 48.79| 237.41| 354.82| 48.98| 236.85| 84.82 5.31 | 326.85
M4 3.57 7063 1463 1761 8.67 14.79 19.28 | 98.67 2.82 | 109.28
Stesdy 1890 (i) -11.94 (omis) | 216.70 (degree) 14.89 (cmis)
coupogent
Layer:Lower

Observed period:2000/8/7 10:00 to 2000/8/8 10:00

Component of ellipse
East component North componenll Tong axis ST
Col i itu itude itude 11
nstituent ‘:fn:Pelan: Phase lag J:':t]‘;:‘_ Phase lag] Direction ‘:22;1;; Phase lag{ Direction ‘:\:T:m:: Phase lag
(em/s) (degree) (cm/s) | {degree) | (degree) | {(cmfs) | (degree) { (degree} | {(cmis) | (degree)
M1 3.45 236.18| 1054 123.77] 352.19 10.63 | 121.43 ] 82.19 3.16 | 211.43
M2 5.40 32759 | 47.83]1231.27|359.28| 47.84 | 231.18| 89.28 5.37 | 321.18
M4 7.27 68.10]1 11.86 1.71 19.10 12.36 | 11.87] 109.10 6.40 | 101.87
Steady |3 51 (cmis) 242 (emis) | 212.03 (degree) 2.85 (emss)
Leomponent




Table 3.1.12 Harmonic Constants (P12; Neap Tide, Rainy Season)
Layer:Upper
Observed period:2000/8/7 9:50 to 2000/8/8 9:50
Component of ellipse
East t | North t
ast component | North component| Tong axis Short axis
Constit ; : - -
nettuent An:::::: f Phase lag An:}:‘::: Phase lag] Direction An:‘:‘:::: of Phase lag] Direction Aﬁtl::d;d Phase lag
{cm/s) (deEree) (cmls)_ (degree) &egree) (cm/s) | (degree) | (degree) | {cm/s) | (degree)
Mi 2.77| 167.36 5.07]| 71.05] 355.13 509] 68.41] 85.13 2.75] 158.41
M2 1560 22.03| 33.33( 213.79] 335.22| 36.68| 211.71| 6522 2.89 | 301.71
M4 352 | 126.53 4.30 | 301.58 | 320.71 555 | 303.57| 50.71 0.24 | 213.57
Steady | 1117 (cmio | -18.27 (emio | 148.56 (degree) 2141 (em/o
component
Layer:Middle
Observed period:2000/8/7 9:50 to 2000/8/8 9:50
Component of ellipse
| East component | North component; Tong axis Short anis
Constituent An::l:;td: ot Phase lag An::l;::: o Phase lag{ Direction A‘T:‘::::: of Phase lag{ Direction An:z;‘z‘:: °f Phase lag
{cm/s) | (degree) | (cm/s) | (degree) (degre_e) (cm/s) (degree) (degree) | (em/s) | (degree)
M1 360| 5544 5.38 | 345.35] 19.73 5.59 | 357.12| 109.73 325| 87.12
M2 6.04 ] 350.82 | 30.41) 197.281 349.84| 30.89| 196.40] 7984 2.65| 286.40
M4 258 | 2860 6.23| 338581 16.36 6.47 | 343.52 | 106.36 190 73.52
Steady |94 (cmis) 0.42 @m/s) | 330.78 (egree) 0.48 (emis)
Layer:Lower
Observed period:2000/8/7 9:50 to 2000/8/8 9:50
Component of ellipse
- East component | North component] Tong axis hort onis
Constituent Am::’:::t o Phase lag Amvzlll::;‘: o Phase lag] Direction Am;l::::: of Phase lag| Direction M::]:::d Phase lag
{cm/s) | (degree} (cmls_) (degree} | (degree) | (cm/s) | {(degree) | (degree) | (cm/s) | (degree)
M1 0.87 ] 123.69 2.78 | 289.48 | 343.08 2.91] 290.71] 73.08 0.20] 200.71
M2 725 339.33] 23.92| 165.84] 34321 2498 165.30] 73.21 0.79{ 255.30
M4 0.78| 18.33 320} 195.63 ] 346.27 330 19579 76.27 0.04 | 105.79
Steady |1 60 (emis) 2.17 mis) | 216.49 (degree) 2.69 (cows)
1-59



Table 3.1.13 Harmonic Constants (P19, Neap Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/8 14:00 to 2600/8/9 15:00

Component of ellipse

East component | North component Tong axie Short amie
C i i itude o itude o itude o
onstituent Am::j:or:dt: of Phase lag A":‘j;::i‘:y Phase lag) Direction A“:T;;‘:y Phase lag| Direction An:l:]:;ui‘:y Phase lag
{em/s) (dfgree) {em/s) | (degree) | {(degree) | (cm/s) (djegree) (degree) | (cm/s) | (degree)
M1 13.54| 7235 33.15( 49.03] 21.00% 35.45| 52.13] 111.00 5.011 142.13
M2 21231 303.71] 29.80| 211.18| 356.36 | 29.83| 208.59| 86.36| 21.19| 298.59
M4 7161 91.07 4391 301.70 | 299.69 8.16 | 278.87] 29.69 1.96 8.87
Steady 747 Cmis) | -15.86 Cmis) | 205.20 (degree) 17.53 (emis)
component
Layer:Middle
Observed period:2000/8/8 14:00 to 2000/8/9 15:00
Component of ellipse
East component | North componen Tons axis Short axis
Constituent|amphtude of Amplitude of B . |Amplitude of . . |Amplitude of]
velocity Phase lag velocity Phase lag] Direction velocity Phase lag| Direction velocity Phase lag
(cm/s) | (degree) | (em/s) | (degree) | (degree) | (em/s) | (degree) | (degree) (cm!i) (degree)
M1 10911 178.00| 24.02| 97.84 553 24.11} 100.00| 95.53| 10.70( 190.30
M2 902 | 34040 2969 23095] 353.71| 29.86} 229.16] 83.71 8.46 | 319.16
M4 2.86 | 173.00 0.76 | 10963} 8281 288 171.31} 17281 067| 261.31
Steady | 615 Cmi) 846 (cmid) | 216.01 (egree) 10 46 (/s
Layer:Lower
Observed period:2000/8/8 14:00 to 2000/8/9 15:00
Component of ellipse
| East component {North component Tong s Short oxis
Constituent A":{":“:: 0 Phase lag A“:":li‘::‘:: ! Phase lag} Direction AT;:; ! Phase lag| Direction A“:’:‘]'::f: ° Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) (degre_e) (degree) | (cm/s) (degrei
M1 1158 | 204.30| 1446 ] 111541 35395 1449] 106.71]| 83.95| 1154} 196.71
M2 599 | 28755| 24.69| 202.13 1.18F 24.70| 202.41] 91.18 5961 292.41 |
M4 2991 209.81 3.02| 336.48 | 315.58 3.80 268| 4558 1.91| 27268
Steady |5 46 (cmvs) 325 (m/s) | 239.28 (degree) 6.36 (co/s)
I-60



Table 3.1.14 Harmonic Constants (P20, Neap Tide, Rainy Season)

Layer:Upper
Observed period:2000/8/8 13:00 to 2000/8/9 14:00
Com t of elli
East component | North component Tong axis porer o s psSehort o
Constit ; - = -
cnsituent AT:::::“ Phase lag An::;:: Phase lag] Direction An:’:;:‘:;ot Phase lag} Direction An::lll::j:d Phase lag
{cm/s) | (degree) | (cm/s) | (degree) | (degree) | (em/s) | (degree) (dsgree) (cm/s) | (degree) |
M1 685 19455 2181{ 5566]| 346.15| 2243 5291] 76.15 438 | 14291
M2 15.03| 10.85} 27.93( 231.80| 335.58| 30.40! 224.10] 65.58 9.05{ 314.10
M4 2.56 | 324 46 417 | 35882 29.21 4.72 | 350.24| 119.21 1.27 | 260.24
Steady 5.09 (cm/s) -26.45 (cm/s) 169.11 (degree) 26.93 (cmis)
compohent
Layer:Middle
Observed period:2000/8/8 13:00 to 2000/8/9 14:00
Component of ellipse
| East component | North componen Tong oxis TTort anis
Constituent Anf::::; °f Phase lag An::::td: o Phase lag| Direction An:':;:::d Phase lag| Direction An:;:l:::: of Phase lag
(cm/s) | (degree) (cmﬁ) (degree) | (degree) | {cmis) (degrie) (degree) (cmlaz)_ (degree)
M1 729 207.12] 17.74} 44.11] 338.30| 19.08| 41.75| 68.30 1.98 | 131.75
M2 923| 351.34| 26.69} 20665 343.68( 27.77| 203.55| 73.68 5.12 | 293.55
M4 4.031 134.02 457 340.39} 319.01 593 | 328.98} 4901 1.38| 58.98
Steady | 9 36 (omrs) 191 Cmis) | 128.91 (degree) 3.04 (cmis)
| component
Layer:Lower
Observed period:2000/8/8 13:00 to 2000/8/9 14:00
Component of ellipse
| East component | North componen Tong axis Short axis
Constituent. Amv::l:::d Phase lag Amvil::‘:: 1 Phase lag] Direction Am;?:::d Phase lag| Direction An::l::::d Phase lag
(cm/s) | (degree) | f(cmis) | (degree) | (degree) | (emis) | {degree) (dsg'ree) {cm/s) | (degree)
M1 3.36 | 209.711 9.24 | 357.78 | 342.29 9.68 098] 72.29 1.70 | 270.98
M2 3.58 4.16| 17.15{ 184.18] 348.221 1752 | 184.18} 78.22 0.00] 274.18
M4 1.23 ] 287.92 0.82 | 311.15} 57.32 1.46 | 294.80} 147.32 0.27| 204.80
Steady | 273 (omis) ‘109 Cms) | 111.84 (egree) 2.94 (ems)
| coponent
I- 861



Table 3.1.15 Harmonic Constants (P01, Spring Tide, Dry Season)

Layer:Upper
Observed period:2000/12/13 20:00 to 2000/12/14 20:00
East ¢ |North ) Component of ellipse
ast componen orth componen Tong axis Short avis
Constit t i i itude of itude o
nemen A":':l;::: °f Phase lag A":]:T::?: °f Phase lag| Direction M:':]:a‘:v fPhase lag| Direction An:tl::ai fPhasta lag
(cm/s) (degree) (cm/s) | (degree) | (degree} (cm/s) (degree) | (degree) {cm/s) (degree)}
M1 44.77 46.23 4084 | 22312 | 312.37 60.58 | 224.82 42.37 1.64] 134.82
M2 60.08 74.46 53.38 | 253.21| 311.62 80.37] 253.91 4162 0.87} 163.91
M4 1.97 68.18 7.88 | 257.47| 346.12 8.12 ] 256.93 76.12 0.31] 346.93
Steady 27.90 f(cm/s) -19.96 (cmis) 125.57 (degree) 34.31 fem’s)
component
Layer:Middle

Observed period:2000/12/13 20:00 to 2000/12/14 20:00

East component |North component Tong am(_;omponent of elhpsseho T
Constituent A‘“"‘I’:‘: *| Phase lag {*"" " | Phase lag] Direction |77 " ] Phase Lag| Direction | ™%, " *| Phase lag
(cm/s) (degree) | (cm/s) | (degree) | (degree) | (cmss) | (degree) | (degree) | (cm/s) | (degree}
M1 39.47 46.11 48.48 | 230.391 320.87 62.47 | 228.68¢{ 50.87 2.28 | 318.68
M2 51.28 69.22| 72981 246.09{ 324.92| 8916 247.12 54.92 2.29( 15712
M4 638 117.71 6,157 302.94] 313.92 8.85| 300.22| 4392 040 30722
seady | 397 (emie) 4.85 (omis) 39.31 (degree) 6.27 fomis)
Layer:Lower
Observed period:2000/12/13 20:00 to 2000/12/14 20:00
East component |North componen Tong mCSomponent of elhpsseho g
Constituent Mpﬁm_de o Phase lag Mpﬁm.de f Phase lag| Direction Ampl;de *} Phase lag| Direction Ampmu.de f Phase lag
velocity velocity velocity velocity
{cm/s} (degree) (cm/s) | (degree} | (degree) | (cmss) | {(degree) | (degree) | (cm/s) | (degree)
M1 33.22 45971 44.53| 228.57| 32329 | 5554 227.64}F 53.29 1.21] 317.64
M2 50.74 64.34] 7095| 23794 32448 87.11| 240.10] 54.48 461 150.10
M4 625 109.04 8.78 | 322.04] 326.24 10.39| 311.65] 56.24 288 4155
Swady | 799 (omis) 11.80 o/ | 326.12 (degree) 1421 mis)

- 62



Table 3.1.16 Harmonic Constants (P11, Spring Tide, Dry Season)

Layer:Upper
Observed period:2000/12/13 20:00 to 2000/12/14 20:00
Component of ellipse
t {North
East component {North component] Tong axis Short avie
Consti - - - -
onstituent A::il::::: Phase lag ‘::’I:l:;‘:j Phase lag] Direction :::}:l:::: Phase lag] Direction ::‘:T;:: Phase lag
cm/s) | (degree) | (emis) | (degree) | (degree) | (emis) | (degree) | (degree) | (cmis) | (degree)
M1 811 82.61| 45.13| 207.63 ] 353.98| 45.38| 208.51] 83.98 6.61| 118.561
M2 1135 344.73| 49.17| 201.59| 349.34{ 5001 200.15] 79.34 6.69 1 290.15
M4 570 189.83| 1520} 257.52 9.17 1537 | 25439} 99.17 522 | 164.39
Steady 11712 (emi9) | -28.11 Cms | 211.34 @egree) 3291 (s
component
Layer:Middle

Observed period:2000/12/13 20:00 to 2000/12/14 20:00

Component of ellipse

Long axis Short axis

Constituent] Amplitud Amplitude Amphitud Amplitad

prnee P PIE | Phase lag] Direction plmde
of velocity of velocity

of velocity of velocity
(em/s) | (degree) | (cmis) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cmis) | (degree)

East component |North componen

Phase lag Phase lag] Direction Phase lag]

M1 8.05| 122.22| 54.10] 207.82] 067 541120772} 9067| 80211772

M2 755| 265301 5290 199.20] 3.37| 5299| 19964| 9337| 6.89| 28964

M4 593 | 145.94] 1266 272.90] 342.00| 1328 279.23| 7200| 454] 189.23
Sweady 11159 Cmis | -10.37 (cmie) | 228.19 (degree) 15.56 (cm/s)
Layer:Lower

Observed period:2000/12/13 20:00 to 2000/12/14 20:00

Component of ellipse
Long axis Short axis
. Amphm.de Phase lag] Direction Amth.de Phase lag] Direction Amphm.de
of velocity of velocity of velocity of velocity
(em/s) | (degree) | fcm/s) | (degree) | (degree) | (cm/s) '} {degree) | (degree) | (cm/s) | (degree)

East component |North componen

Constituent| Amplitude

Phase lag Phase lag]

M1 703| 47.41| 535820952 352.87| 5399 20981) 8287 214/ 119.81
M2 722 35861| 47.13|201.82|351.96| 4759 201.34] 8196| 282|291.3¢
| M4 197| 9837| 1270 24465} 353.29| 1279[ 24517] 8329| 098] 155.17
Steady | 817 G | -16.80 w9 | 205.93 Gegree) 18.68 (cm/s)




Table 3.1

Layer:Upper
Observed period:200012/12 15:00 to 2000/12/13 15:00

17

Harmonic Constants (P12, Spring Tide, Dryv Season)

East component |North component, Tong aXiCSomponent of elhpsSehort po
Constituent “"1’:’1‘:::}"“ Phase lag "‘““:‘O‘:‘: *! Phase lag| Direction A‘“‘:’:::j ! Phase lag| Direction ““’:‘I‘;“lie * Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | femis) | (degree) | (degree) | (cm/s) | (degree)
M1 11.57 626 23.97! 20498] 33499 26.40| 201.57] 6499 3.37| 291.57
M2 14 47 9211 39.93] 20093 34037 | 4238 | 199.59 70.37 2.771 28959
M4 810} ©64.38 10.35 | 20554 | 323.83 12.44 | 21948 53.83 422 12948
oy | 585 Em | 738 Cmi | 14150 Gegres) 941 (emio)
Layer:Middle
Observed period:200012/12 15:00 to 2000/12/13 15:00
East component | North componen Tong m(;omponent of ellipsseho e
Constituent A“‘v‘:l‘o::f ! Phase lag A"i‘:llf:‘: °4 Phase lag| Direction Aﬁi’;et:f: Y Phase lag| Direction A"L‘:‘;": | phase lag
(cm/s) | (degree} | (cm/s) | (degree) | (degree) | fcmis) | (degree) | (degree) | (cmis) | (degree)
M1 661 | 325.83} 29.27 19669 35164 2958 19525} 8164 5.07 | 285.25
M2 599 129 51.88| 206.71] 354.04| 52.16| 206.42| 84.04 2.56 | 296.64
M4 4491 64.56 11.36 | 212.84 | 340.72 12.011 216.56( 70.72 223 | 126.56
oorsnt:::nt -3.31 (cm/s) 5.72 (em/s) 329.94 (degree) 6.61 fcm/s)
Layer'Lower

Observed period:200012/12 15:00 to 2000/12/13 15:00

East component | North component Tong mcsomponent of elhpsseho ——
Constituent A‘”‘:‘j‘::’:“ Phase lag| "™ ™" “| Phase lag| Direction A‘“‘y‘:’:;: °f Phase lag] Direction "‘“f:'l‘:‘: °f Phase lag
(cm/s) | (degree) | (emss) | (degree) | (degree) | (cmis) | {(degree) | (degree) | (em/s) | (degree)
M1 3821 336.53| 26.01| 198.37| 35369 26.16{ 197.75]| 83.69 254 | 28775
M2 788 | 4100 4590 201.67| 350.77| 4650 202.18]| 80.77 2571 112.18
M4 3.431 4928 10.51 | 209.35] 342.76 1099 211.16 72,76 1.12 | 121.16
ooy | 251 Go9 | 1025 Cmid) | 346.22 Gogree) 10.56 (oms)
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Table 3.1.18 Harmonic Constants (P19, Spring Tide, Dry Season)

Layer:Upper
Observed period:2000/12/12 15:00 to 2000/12/13 15:00
Component of ellipse
E Y
ast component | North component; Tong axis Short avis
Constit - - - -
onshiuent An::ll'::;d Phase lag An::l:::d Phase lag| Direction A":::'::oﬂ Phase lag| Direction At’j;:td Phase lag
{cm/s) | (degree) (cm/s) (degree) | (degree) | (cm/s) | (degree) | (degree} | (cm/s) | (degree)
M1 1.29] 33199 | 2130 18895] 357.23| 2133 188.85] 87.23 0.77| 278.85
M2 7.16| 230.99| 40.49| 195.99 832] 40927 196.82] 9832 4.06 | 286.82
M4 515§ 157.09] 1096 | 167.53| 2494| 1208{ 16566| 114.94 085| 75.66
wi::::nt 711 €emis) | 2542 (em/s) | 194.05 (degree) 29.29 (cm/s)
Layer:Middle
Observed period:2000/12/12 15:00 to 2000/12/13 15:00
Component of ellipse
| East component | North componen Tong axis Shortanis
Constituent Athm.de f Phase lag Amth.th Phase lag| Direction Mphm.deuf Phase lag| Direction Amth.d“f Phase lag
velocity velocity velocity velocity
{cm/s) | (degree) | (cm/s} | (degree) | (degree) | (cm/s) | {(degree) | (degree) | (cm/s) | (degree)
M1 666 26855 | 2283| 187.88 296| 2286 188.74] 9296 6.57] 278.74
M2 10.04 | 203.68| 38.83 | 187.54| 14.02| 40.01{ 188.50| 104.02 2.70 | 278.50
M4 3.16] 213.76| 1429 18242 10.82| 14.54{ 183.62| 100.82 161} 273.62
Steady 1 997 (mis) | -20.13 (m/d | 204.72 (degree) 22.16 (cm/s)
Lsomponans
Layer:Lower
Observed period:2000/12/12 15:00 to 2000/12/13 15:00
East component | North componen _Comp onent of ellipse -
Long axis Short axis
Constituent]Amplitude of Amplitude of] R . |Amplitude of] , . |Amplitade of
velocity Phase lag| velocity Phase lag| Direction velocity Phase lag] Direction velocity Phase lag
(cw/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cmis) | (degree)
M1 9441 33090| 2795 201.71] 347.13| 2863 19844 77.13 7.15| 288.44
M2 5824 310.16| 50.72| 189.16 | 356.59 50.81] 188.83] 86.59 498 278.83
M4 2.17| 232.82| 1091 170.51 44| 1096 17146 95.44 1811 261.46
Steady 798 (cm/s) -14.24 Gmis) | 207.08 (egree) 15.99 {cmis)
| component
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Table 3.1.19 Harmonic Constants (P20, Spring Tide, Dry Season)

Layer:Upper
Observed period:2000/12/11 11:00 to 2000/12/12 11:00

East component | North component] _Comp onent of cllipse -
_ Long axis Short axis
Constituent b Phase lag] "™ """ *| Phase lag| Direction | "% """ *| Phase lag] Direction | *™ - °| Phase lag
{cm/s) | (degree) | (cmis} | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 23.55| 6942} 6190 | 24488 339.22 | 66.21| 245451 69.22 1.74} 155.45
M2 1898 4827] 56.73) 24955 34247 59.45| 247.55| 7247 6.57 | 337.55
M4 5.36 | 131.75 534 33194 31491 7.45| 321.82 4491 1.33| 51.82
oty | 038 Com | 1931 Cmw | 17886 Gegreo 19.32 (emis)
Layer:Middle
Observed period:2000/12/11 11:00 to 2000/12/12 11:00
East component | North component Tong mgomponent of eIlipsgeho S anis
Constituent A e *} Phase lag e ) Phase lag| Direction | *"% " *] Phase lag| Direction | **7 " *] Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | f(cm/s) | (degree}
M1 8497 6564| 5823} 23256 35191 | 5882 232.83| 81.51 1.80 | 142.83
M2 13.86| 31.24]| 64.74} 24328 34959 6581 242.12| 79.59 7.23 ] 332.12
M4 6.55 | 103.75 8.61| 312.63| 323.77 10511 30237 53.77 259 | 32.37
oready | 256 (e 445 Ccws) | 209.89 (degreo) 5.13 (om/s)
Layer:Lower
Observed period:2000/12/11 11:00 to 2000/12/12 11:00
East component | North componen Tong amiomponent of ellipsseho rapucrs
Constituent "“‘v‘;'l‘;f: *f Phase lag "“‘1‘;‘1‘2‘:“ Phase lag| Direction A“‘v’:‘:: ! Phase lag| Direction A":‘;‘::“ Phase lag
(cm/s) | (degree} ] f(cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | {(degree)
M1 1237| 3683] 5035 227.88| 346.41| 51.80| 22727 76.41 231 317.27
M2 13.95| 4087 59.79| 23548 34724 | 61.30| 23475 77.24 3.43| 324.75
M4 4921 107.69 6.881 31666 325.70 8.22] 307.27| 55.70 199 37.27
Steady | 0.32 Gomis) 0,30 Cm/s) | 132.99 (degree) 0.44 Cmis)
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Table 3.1.20 Harmonic Constants (P22, Spring Tide, Dry Season)

Layer:Upper
Observed period:2000/12/11 11. 00 to 2000/12/12 11:00

East component | North componen Component of ellipse
ne;
P P Long axis Short axis
Constit - - - -
nentent Aﬂ:f::: f Phase lag An::::d Phase lag| Direction An::';:‘::d Phase lag] Direction AT:'::“ Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | (em/s) | (degree) | (degree) | (cm/s) | (degree)
M1 524 | 7761 16.43| 223.55| 344.77 17.01| 226.15} 74.77 2.83] 136.15
M2 14.08 6.62| 19.18| 219.81 )] 325.28] 2291 | 208.76| 55.28 6.46 | 298.76
M4 3.66 | 16942 442 29848 ] 323.47 5211 317.41] 5347 2411 22741
Steady 1 .5y 83 (cm/e) -16.08 (mis) | 232.99 (degree) 26.72 (em/s)
component
Layer:Middle
Observed period:2000/12/11 11. Q0 to 2000/12/12 11:00
Component of ellipse
East component | North component; Long — ot onis
Constituentfamplitude of Amplitude of] .. |Amplitade of ... |Amplitude off
velocity Phase lag, velocity Phase lag] Direction velocity Phase lag] Direction velosity Phase lag,
(em/s) { (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree} | (cmi/s) | (degree)
M1 225 50.17] 1868} 21541 353.35| 18.81| 215621 83.35 0.57 | 125.62
M2 11.58 5,08 | 3357} 21890}] 243.48| 3497 21589] 73.48 6.19 | 305.89
M4 3.37| 131.56 2.05| 274.70 | 298.53 3.79| 302.64] 2853 109] 21264
Steady | 1964 (crss) -4.01 (m/s) | 258.46 (degree) 20.05 (cmlo)
L.compopent
Layer:Lower
Observed period:2000/12/11 11. 00 to 2000/12/12 11:00
Component of ellipse
- East component, | North component, Long e Sho Tt e
Constituent An::;::l: of Phase lag Am::;::::‘}ﬂ Phase lag] Direction An::l::::: of Phase lag] Direction An::]:::: of Phase lag
(cm/s) | (degree) | (cm/s} | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | {(degree)
M1 1201 24.02) 1572 211.46] 355.68| 1576} 211.41] 85.68 0.15| 301.41
M2 11.12] 1145] 3085} 214.35| 341.33| 3254} 211.91| 71.33 4.10) 30191
M4 4131 92.87 1.58 | 326.16 | 284.07 425 277.021 14.07 1.23 7.02
Steady 11415 (cos) 163 mid | 26345 (egree) 1424 Cmis)
Leompenent
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Table 3.1.21 Harmonic Constants (P01, Neap Tide, Dry Season)

Layer:Upper
Observed period:2000/12/07 20:00 to 2000/12/08 20:00

East component |North component pomponent of ellipse -
. Long axis Short axis
Consticuent ""‘v':ll‘::r | Phase lag "“:':f::"‘ Phase lag| Direction ““’v’:’]‘:i" *! Phase lag| Direction *":‘:‘l‘:':f" Phase lag
{cm/s) {degree) (cm/s) | (degree) | (degree) | f{cm/s) (degree) | (degree) | (cm/s) (degree)
M1 19.83 | 132.54] 23.01| 302.68| 319.327 30.27| 306.87| 49.32 2.58 | 216.87
M2 64.10| 119.53| 66.36( 309.02| 316.00 91.95| 30444 46.00 763 | 34.44
M4 12.51| 311.99% 10.24| 20991} 293.03] 12.65| 149.58| 23.03 9.67 | 239.58
mit.:fg:m 20.56 (em’s) “5.85 (em/s) 105.88 (degree) 21.38 {cm/s) 1
Layer:Middle
Observed period:2000/12/07 20:00 to 2000/12/08 20:00
East component |North component| Tong aXi(s}omponent ofelhpsgeho e
Constituent Aﬂ:zlll::ie of Phase lag Mtl;:ie f Phase lag] Direction Aﬂl:];::: °f Phase lag| Direction M:E'::: of Phase lag
(emis) (degree) (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cmis) | {(degree)
M1 1868 104.07} 2746| 293.51] 32591} 33.11| 290.54] 5591 2.54 | 20.54
M2 62.46| 106.06 ]| 81.95) 288.53| 322.69} 103.01 | 287.62] 52.69 214} 17.62
M4 819} 266.22 13171 92.70] 328.21 15.49 90.90 53.21 0.79 | 180.90
seady | -4.45 @m0 2.42 Cws) | 29858 (degree) 5.06 (cmis)
Layer:Lower
Observed pertod:2000/12/07 20:00 to 2000/12/08 20:00
East component {North componen Tong axjiomponent of elhpsseho e
Constituent “":‘j‘o‘:‘: Y Phase lag ““l"'l‘::t *! Phase lag| Direction A":‘i’:‘: °1 Phase lag| Direction A“’v"'l':f; * phase lag
(cm/s) | {degree) (cm/s) | {degree) | (degree) | {cmis) | (degree) | (degree) | {(cmis) | (degree)
Ml 20.80 | 112,79 32.32| 281.08| 32746 38271 28448} 57.46 3.66| 194.48
M2 58.29 99.01| 8165} 279.23| 32448 | 100.32| 279.16 | b54.48 0.18 9.16
M4 697} 261.05] 1721} 107.71] 339.54| 18.33| 10429} 69.54 294 | 19429
| ey ] 501 emio 10.18 m/s) | 333.78 (degree) 11.35 (cris)




Table 3.1.22 Harmonic Constants (P11; Neap Tide, Dry Season)

Layer:Upper
Observed period:2000/12/7 20:00 to 2000/12/8 20:00
C t of elli
East component |[North component Tong ansomponen 22 lp;imrt o
C 1 t n " n ” - e n e
onstituen ::::::i Phase lag ‘:ﬁﬁ:’:‘_ Phase lag| Direction ::::]::‘:v Phase lagf Direction ::T::::‘_ Phase lag
{em/s) | (degree) | (cmss) | (degree) { (degree) | (cmis) | (degree) | (degree) | (cmis) | (degree)
M1 11.12 | 32260 3024 282.14| 1645 3147 | 285.87] 106.45 6.93| 1587
M2 20321 341.25]| 58.89| 259.01 3.02| 5896 260.041 93.02| 20.11| 350.04
M4 3.90| 296.69 7.97]| 7133\ 338.91 848| 7810{ 6891 2.61 | 348.10
mifﬁiﬁim -5.71 lem/s) 6.08 (m/s) | 223.18 (degree) 8.34 flem/s)
Laver:Middle
Observed period:2000/12/7 20:00 to 2000/12/8 20:00
Component of ellipse
East component {North component Tong axis Tort oS
Constituent| Amplitude Amplitude ] ] Amplitude L. Amplitude
of velocity Phase lag of velocity Phase lag] Direction of velocity Phase lag| Direction of velocity Phase lag
(cm/s) | (egree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | f(emis) | (degree)
Mi 7.68| 126.73] 13.89| 277.67| 332.85| 15.52| 283.97| 62.85 343} 19397
M2 544 | 11623 3880 | 24159 355.30| 3893| 242.13| 85.30 442 152.13
M4 0.88 | 330.72 8§44 | 4641 1.49 844 | 46261 9149 0.85| 316.26
Steady | .5 63 (cmis) 0.59 m/s) | 264.00 (degree) 566 (em/s)
| cormponent
Layer:Lower
Observed period:2000/12/7 20:00 to 2000/12/8 20:00
Component of ellipse
East component |North componen Tong axis Short o
Constituentf Amplitude Amplitude .. | Amplitude .. | Amphitude
of velocity Phase lag of velocity Phase lag| Direction of velacity Phase lag] Direction of velocity Phase lag]
{em/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 886} 128321 13.05| 26994 | 32843 | 1504 | 28098 5843 4.78 | 190.98
M2 6.82| 121.47] 35.84| 237.55| 355.08| 3597| 238.39] 85.08 6.10 | 148.39
M4 1.37| 319.16 898 40.82 1.29 8.99| 40.63§ 91.29 1.35| 310.63
Steady § g 03 (cmis) -0.38 Gm/s) | 267.32 (degree) 8.04 (emis)
Lcomponent -
I-69



Table 3.1:23 Harmonic Constants (P12, Neap Tide, Dry Season)

Layer:Upper
Observed period:2000/12/6 15:00 to 2000/12/7 15:00
. Component of ellipse
East component | North component] Tong axis Short axis
Constituent . , - _
onshiaen Aﬂi‘:::f Phase lag| Aﬂ:’:’;‘:d Phase lag| Direction Ai:‘:::?‘e'ot Phase lag| Direction Aui]:ll:::‘c of Phase lag
{cm/s) (degree) (cm/s) (degree) | (degree) (cm/s) | (degree) | (degree) {em/s) {degree)
M1 3.01| 12.28] 17.81 | 295.56 228| 1783 295.94| 9228 293 2594
M2 1207 73.38| 34.75| 249.18| 340.88| 36.77| 24963 | 70.88 0.84 | 159.63
M4 414 | 161.59 3.15| 306.74 305.67 498 | 32943 35.67 1.50{ 239.43
Steady 10.26 (cmts) -8.73 (cm/s) 130.39 {degree) 13.47 {om/s)
component
Layer:Middle
Observed period:2000/12/6 15:00 to 2000/12/7 15:00
Component of ellipse
A East component {North componen Tong axis Short anis
Constituent Anzll]::: o Phase lag AT:;;:S: of Phase lag| Direction Am::l:zf: of Phase lag] Direction An::?::‘:: of Phase lag
(cm/s) (degree) | (cm/s) | (degree) | (degree) | (cmis) | (degree) | (degree) (cmis) (degree)
M1 624 | 96.84] 12.68| 29624 33460 14.01| 29260} 64.60 1.88| 22.60
M2 6.18| 48.35] 3468| 233.38| 349.98| 3540 233.23| 79.98 0.537] 323.23
M4 1.14 | 317.28 432} 30502 14.45 4.47| 305.79| 104.45 0.23] 35.79
Stead.vm -4.28 (cm/s) 195 (mis) | 294.44 (degree) 4.70 (cmis)
Layer:Lower
Observed period:2000/12/6 15:00 to 2000/12/7 15:00
Component of ellipse
| East component | North componen Tong axis Short ans
Constituent Aitll:::o Phase lag An:i:l:::e_or Phase lag| Direction An:":l::;:d Phase lag| Direction An::l::: f Phase lag
(cm/s) | (degree} | fcm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 507 | 100.50} 10.46| 30544 335.53| 1146 301.01} 65.53 1.95| 31.01
M2 629| 5866} 30.34| 22509 | 348.57| 30.95] 225.63| 78.57 1.45| 13563
M4 3.08| 3309 3.62| 283.62| 327.84 3.93| 26041 57.84 2.68 | 350.41
Steady | ) 69 (cmie) 2.71 (w/s) | 329.04 (degree) 3.16 (emis)
component
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Table 3.1.24 Harmonic Constants (P19, Neap Tide, Dry Season)

Layer:Upper
Observed period:2000/12/6 15:00 to 2000/12/7 15:00
C t of ells
East component | North component| Tong uisomponen e lpsSehortaxis
Constit . - - .
nehitent An::l:;:d Phase lag An::;::: Phase lag] Direction An:::l:::d Phase lag] Direction An::::::d Phase lag
(cmfs) | (degree) | (cm/s) | (degree) | (degree) | (emvs) | (degree) | (degree) | fcmis) | (degree)
M1 13.17| 2962 2262] 316.64| 13641 23.08( 324.04] 10364 | 1234 54.04
M2 741 32594 32.19| 258.22 522 | 32.32| 259.33] 95.22 6.83 | 349.23
M4 225] 28.99 5.30 | 284.57 | 352.79 5.34| 28164 82.79 216 1164
Steady | 1096 (cmie) -19.79 (mss) | 211.77 (degree) 23.28 (cmfs)
component
Layer:Middle
Observed period:2000/12/6 15:00 to 2000/12/7 15700
Component of ellipse
t [Nort t
East component | North component, Tong axis Short axis
Constituent - A - -
nelikien Aiﬂ‘:;‘:d Phase lag Mtf:;:::ot Phase lag| Direction An:::;::nf Phase lag| Direction M:T::;e of Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | (cmis) | (degree)
M1 7.94| 141.88 6.15 3.54| 305.46 9.44| 33644 3546 3.44| 66.44
M2 343 | 34541 22.63| 225.04| 355.54 | 22.70| 22446] 85.54 2951 314.46
M4 3.94 | 333.94 5.17| 225.69| 33564 544 209.21| 65.64 3.56 1 299.21
mi?:ﬂi’m 0.76 (em/a) 136 (mis) | 330.87 Wegree) 1.56 (cm/o)
Layer:Lower
Observed period:2000/12/6 15:00 to 2000/12/7 15:00
C t of ellipse
East component | North component] Tong amomponen oep Short axi
Constituent[rringe Amplitade of . |Amplitude — |Amplitude of
velocity Phase lag velocity Phase lag| Direction velocity Phase lag| Direction velocity Phase lag
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | fem/s) | (degree) | (degree) | (cm/s) | (degree)
M1 4.76 | 172.60 6.41] 321.771 324.66 7.72| 332.30) 54.66 2.03| 242.30
M2 455| 305.16] 22.69| 210.39| 359.01| 22.70| 210.20] 89.01 4.53 | 300.20
M4 3.60 | 346.21 4.77] 27061} 2063 493)] 28504 11063 3.37| 15.04
Steady 067 (cmis) 4.14 Ccovs) 9.23 (degree) 420 (cm/s)
component
I-71




Table 3.1.25 Harmonic Constants (P20, Neap Tide, Dry Season)

Layer'Upper

Observed period:2000/12/5 10:00 to 2000/12/6 10:00

East component | North component] Tong axj(;omponent of elhpssehort i
Constituent "“":’::f"‘ Phase lag A“‘y’j‘ﬂ‘:‘: Phase lag| Direction ""‘":'l'gi”f Phase lag| Direction A”:{‘:‘l‘f_‘;“;"‘ Phase lag
(em/s) | (degree) | fem/s) | (degree) | (degree) | (cmis) | (degree) | (degree) | f(emvs) | (degree)
M1 5931 161.85 18.60 | 347.19% 342.38 19.51 | 346.70 72.38 0.53 76.70
M2 4.20 1880 2054| 231.15] 350.10| 2085 230.09] 80.10 2.211| 320.09
M4 198 | 37.63 0.20]| 319.13| 8885 1.98 37.521 178.85 0.19| 12752
mif;jjzm 2,23 (crls) 494 (cmis) | 335.75 (degree) 5.42 (mis)
Layer:Middle

Observed period:2000/12/5 10:00 to 2000/12/6 10:00

East component | North componen To Component of ellipse -
_ ng axis Short axis
Constituent AB:ZI::;:‘E o Phase lag Anj:]:;‘: °f Phase lag{ Direction An::l:::i‘:: f Phase lag| Direction AT;T::‘: of Phase lag
{cm/s) | (degree) | fcm/s) | (degree) | (degree) | (cmis) | (degree) | (degree} | (cmis) | (degree)
M1 586| 126.40}F 1667 331.39| 341.97| 17.51| 32888 7191 2.36| 5888
M2 552 5721 2591 228340 35091 26.23) 227051 80.91 369| 317.05
M4 1.59 | 48.42 3.40 | 320.69 1.36 3.40| 321.33] 91.36 159 51.33
Steady -1.96 (cm/s) 5.60 f(cm/s) 340.73 (degree) 594 (cm/s)
| component
Layer:Lower
Observed period:2000/12/5 10:00 to 2000/12/6 10:00
Component of ellipse
East component | North componen Tong axis Short anis
Constituent - ; Trade ;
nstituen An:':?:_:d Phase lag An::l]:::u Phase lag| Direction Ani:;ﬂ::y of Phase lag| Direction M:T:::d Phase lag
cm/s) | (degree) | (emss) | (degree) | (degree) | (cmis) | (degree) | (degree) | (cm/s) { (degree)
M1 4441 12037 1294 324.45] 342.331 13.58] 322.13] 72.33 1.73( 52.13
M2 5.40 590 2236| 225.17| 349.17| 22.76| 223.55| 79.17 3.36| 313.55
M4 169 | 60.15 2.85| 303.03 | 340.07 298} 29314 70.07 1.43| 23.14
Seady 1 0.86 (cmio) 426 (cmls) 11.38 (degree) 4.35 Gmls)
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Table 3.1:26 Harmonic Constants (P22, Neap Tide, Dry Season)

Layer:Upper
Observed period:2000/12/05 10:00 to 2000/12/06 10:00
Component of ellipse
East component | North component; - pon = -
Long axis Short axis
Constituent : . - -
An::;:::ﬂphase lag An:]:lllo:: Phase lag| Direction At:l:::oq Phase lag] Direction Am::::: Phase lag
(cm/s) | (degree} | (cm/s) | {degree) | (degree) | (cm/s) | (degree) | (degree) | f(cm/s) | (degree)
M1 6.36 | 143.14 5.66 1.18] 310.77 8.06 | 339.56 40.77 2.75| 69.56
M2 714} 4444 5.70 ] 232.52 | 308.52 9111 227.58| 3852 063 317.58
M4 254} 323.22 008 177211 271.59 254] 143.25 1.59 0.65| 233.25
Steady N )
component 7.68 (em/s) 594 (cmo/s) 239 29 (deg'ree) 971 {cm/s)
Layer:Middle

Observed period:2000/12/05 10:00 to 2000/12/06 10:00

East component | North componen Tong axgomponent of ellipss_pho s
Constituent Ampum,de ] Phase lag Ampum.de of Phase lag{ Direction Amphtu,de of Phase lag] Direction Ampnm.de o Phase lag
velocity velocity velocity veloity
(cm/s) | (degree) | (cm/s) | (degree) | (degree) | (cm/s) | (degree) | (degree) | fcm/s) | (degree)
Mi 507 99.99]| 1190| 318901 340.48| 12.58| 314.05| 7048 301 44.05
M2 588 | 343,50 14.19{ 21090| 34294 | 14.79) 20597 72.94 4.16 | 29597
| M4 230 44.04 1.73| 288.54 | 298.17 249 241.28| 28.17 1,44 331.28
eady | 657 caro 2.75 fmis) | 292.74 (egree) 7.13 Gomis)
Layer:Lower
Observed period:2000/12/05 10:00 to 2000/12/06 10:00
East component | North componen Tong aijsomponent of el]ip%_eim v
Constituent An::’::d Phase lag An:’:‘::oq Phase lag} Direction M:E:d Phase lag| Dixection A”::l:::d Phase lag
(em/s) | (degree) | (em/s) | (degree) | (degree} | (cm/s) | (degree) | (degree) | (cm/s) | (degree)
M1 255] 96.93 9.55 | 316.00 | 347.99 9.76 | 314.04] 77.99 1.57| 44.04
M2 540 335.72| 1196 20966| 343.12( 12.43| 203.80| 73.12 4.20| 293.80
M4 1.75]| 58.21 146 | 314.84 | 295.72 1.83 | 257.86] 25.72 1.36 | 347.86
[ oo | -4.05 Gmio 194 Cme | 29564 (degree) 449 Cms)
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Table 3.1.27(1) Harmonic Constants (ADCP, P11, no.1: 0.0m and 0.5m: from 3 to 27 Dec. 2000)

0.0m
Component of ellipse Main Direction
East component [North component - -
Long axis Short axis 353 (degree}
Censtituent m y de o
o - Amphw“ Phase lag Ampb ,de Phase lag] Direction Amplitud Phase lag| Direction Amplitude Phase lag] Amph“{do Phase lag|
of velocity of velocity of velodty of veloaily of velomity
(cmss) | {degree) | (cm/is) | (degree) | (degree) | (cmis) | {degree) | {degree} | (cmis) | (degree) | (cmis) | (degree)
K1 2.8 169 359 121 3 35.9 121 93 2.1 211 35.4 120
01 88 293 172 78 336 18.8 84 66 4.6 354 17.9 80
Pl 0.9 169 11.9 121 3 12.0 121 93 0.7 211 11.8 120
Q1 1.4 262 4.8 29 349 4.9 31 9 1.1 301 4.9 30
M2 10.1 147 56.4 5 352 37.0 4 B2 6.1 94 57.0 4
52 3.4 174 23.3 355 352 23.5 355 B2 0.0 85 23.5 355
N2 0.3 83 11.8 342 360 11.8 342 80 0.3 72 11.7 342
K2 0.9 174 6.3 355 352 6.4 333 82 0.0 85 6.4 355
M4 3.2 26 4.9 227 328 3.8 221 38 £.O 311 5.2 225
MS4 1.6 63 5.5 241 344 3.7 241 74 0.1 151 3.6 241
Steady 2.0 (emls) -26.3 (couls) 184 (degree) 26.4 (cmis) 25.9 (cmis)
component
0.5m
Component of ellipse Main Direction
East component [North componen - -
Long axis Short axis 353  (degree)
Constituent Ttude Amophtud Amphiude AmpLicud
T Frae o] S Fae o] Dretion | P o] Do v [P ] e [P o]
(cm/s) | (degree} ] {(cmss) | (degree) | (degree) | (omis) | (degree) | {degree) | (cm/s) | (degree) | {cmis) | {(degree)
K1 3.5 223 36.6 117 357 36.6 116 87 5.3 206 36.5 116
01 7.3 297 19.7 77 343 20.5 81 73 4.5 351 20.2 79
P1 1.8 223 12.2 117 357 12.2 116 87 1.8 206 12.2 116
Q1 0.6 276 5.0 47 356 5.0 47 86 0.4 317 5.0 47
M2 10.6 136 58.7 5 353 59.1 4 83 8.0 94 59.1 )
82 2.1 171 226 354 355 22,7 354 85 0.1 84 22.7 354
N2 0.9 181 12.7 350 356 12,7 350 86 0.2 260 12.7 350
K2 0.6 171 6.1 354 355 6.2 354 85 0.0 84 6.2 354
M4 3.0 24 4.4 232 327 3.2 224 37 1.2 314 4.7 230
MS4 1.8 77 3.1 236 342 3.3 238 72 0.6 148 5.2 237
Steady 0.3 (i) -189 (emis) 179 (degree) 189 (cmss) 18.8 (cm/s)
component




Table 3.1.27(2) Harmonic Constants (ADCP, P11, no.2: 1.0m and 1.5m: from 3 to 27 Dec. 2000)

i.0m
East component {North componen - anc:mponem of elhp;()n — Ma;s‘laDuzce:(:)
Constituent ::::l;:f: Phase lag| '::::T;:‘:: Phase lag| Direction .:;1:]11;::: Phase lag| Direction :::‘:?: Phase lag] :_1::::?: Phase lag]
(cm/fs) | (degree) | femis} | (degree) | (degree) | (cmss) | (degree) | (degree) | (em/s) | {degree} | (cmis) | (degree)
K1 3.8 241 36.9 116 355 371 115 85 4.9 205 37.1 115
01 6.3 294 19.9 79 345 20.5 82 75 35 352 20.3 82
P1 1.9 241 12.3 116 355 12.4 115 85 1.6 205 12.3 115
Q1 0.1 348 5.2 53 0 5.2 33 90 0.1 323 5.2 33
M2 10.6 132 58.8 4 354 39.2 3 84 8.4 93 59.2 3
S2 1.8 163 22,4 351 356 22.4 351 86 0.3 81 224 351
N2 1.1 173 12.3 354 355 12.4 354 85 0.0 84 12.4 354
K2 0.5 163 6.1 351 356 6.1 351 86 0.1 81 6.1 351
M4 3.2 22 4.3 238 326 3.1 226 56 1.5 316 46 235
MS4 1.8 81 4.7 231 341 5.0 235 71 0.8 145 4.9 233
o | 07 @ 145 (cis) 177 (degree) 14.6 (couis) 145 (cmis)
1.5m
East component [North componenl;L Tone ax(i)somponent of elhpfsyehon — Ma;:th:E:::;
Constituent e | Phase Lag] 7hoc” | Phase lag Direction ey | Phase lag] Direction e L Phase lag] "7 ™" | Phase Lag
(cm/s) | (degree} | lcmss) | (degree) | (degree) | (cmis) | (degree} | (degree) | (amis) | (degree)] (cmis) | (degree)
K1 3.7 262 36.2 115 352 36.5 114 82 3.0 204 36.5 114
01 3.6 290 19.7 80 346 20.3 82 76 2.9 352 202 81
Pi 1.9 262 12.1 115 352 12.2 114 82 1.0 204 12.2 114
Q1 0.1 288 3.7 57 360 5.7 57 90 0.1 327 3.7 57
M2 10.4 131 378 3 354 58.2 2 84 82 92 58.2 2
52 1.6 173 21.3 350 356 213 350 86 0.1 260 21.3 350
N2 1.3 169 12.1 355 354 12.2 355 84 0.1 85 12.2 355
K2 0.4 173 3.8 350 356 3.8 350 86 0.0 260 5.8 350
M4 3.2 24 4.4 243 326 3.2 230 36 1.7 320 4.7 240
MS4 1.7 85 4.6 230 342 4.8 233 72 0.9 143 4.7 231
oy e| 08 o ‘10.9 (causs) 176 (degree) 10.9 (emis) -10.9 {cmss)
I- 756



Table 3.1.27(3) Harmonic Constants (ADCP, P11, no.3: 2.0m and 2.5m: from 3 to 27 Dec. 2000)

2.0m
East component {North componen Componem of ellipse - Main Direction
_ Long axis Short axis 353 (degree)
Constituent ::nv:llx:f: Phase lag, ‘:f"’?:f: Phase lag| Direction ::lillﬁ:’:' Phase lag| Direction ’:’3’;‘:’ Phase lag] ':f::l‘:‘:) Phase lag]
{cm/s) | (degree} | (emis) | (degree) | (degree) | fomfs) | (degree) | {degree} | (cmss) | idepree) | (cmss) | (degree)
K1 5.9 282 354 114 351 359 114 81 1.2 204 35.9 114
01 3.0 283 19.8 80 347 204 82 77 1.9 352 20.3 81
P1 20| 282| 118 114 351 119 114 81 04| 204] 119 114
Qi 0.2 175 6.0 63 359 6.0 63 89 0.2 153 3.9 63
M2 98 133 56.9 2 353 57.3 1 83 7.3 91 57.3 L
52 1.8 191 19.9 349 355 20.0 349 83 0.7 259 20.0 349
N2 1.4 172 11.8 353 353 11.9 353 83 0.1 85 11.9 355
K2 0.5 191 5.4 349 355 5.4 349 85 0.2 259 3.4 349
M4 3.1 17 4.5 244 330 5.1 231 60 2.0 321 4.7 240
MS4 1.6 79 4.5 228 342 4.7 231 72 0.8 141 4.6 229
m:;:j:m 0.3 (cmis) -7.8 (amis) 178 (degree) 7.8 {amis) 7.7 (cmis)
2.5m
East component |North component] T ax?:mp‘mem of elllp;e;1 —— Ma;géDiizz::;
Constituent ‘:;""‘l‘:::’: Phase lag ':;‘:':‘l‘:f: Phase Iag| Direction ‘:;""i‘::f: Phase lag] Direction | " :‘l‘;f: Phase lag] ‘::‘:'l‘if: Phase Iag
(cm/s) | (degree) | f{cmis) | (degree) | (degree) | (cm/s) | (degree) | (degree) | {cm/s) | (degree) { {(cm/s) | (degree)
K1 6.5 297 34.7 114 349 35.3 114 79 0.3 24 35.3 114
01 48 278 19.8 80 347 20.3 81 77 1.4 351 20.3 81
Pl 2.2 297 116 114 349 11.8 114 79 0.1 24 11.8 114
Q1 0.8 185 6.0 69 357 6.0 68 87 0.7 158 6.0 68
M2 8.9 138 55.3 360 353 53.7 359 83 5.9 89 55.6 359
52 2.0 206 18.5 349 355 18.6 349 85 1.2 259 18.5 349
N2 1.3 180 11.4 356 353 11.5 356 83 0.1 266 1.5 356
K2 0.5 206 5.0 349 355 5.1 349 85 0.3 259 3.0 349
M4 29 14 4.9 243 335 5.4 233 65 2.0 323 3.2 239
MS4 1.6 78 4.0 226 341 4.2 230 71 0.8 140 4.1 228
oty | 02 o 5.1 (coie) 182 (degree) 5.1 (amls) 5.0 (cms)




Table 3.1.27(4) Harmonic Constants (ADCP, P11, no.4: 3.0m and 3.5m: from 3 to 27 Dec. 2000)

3.0m
East component | North component Tong miomponent of eﬂlp'—;ehon — Ma;gaDir(:Z:)
Constituent Ampliude FPhase lag] Amphirude Phase lag| Direction Am?hw_d' Phase lag] Direction Amplitude Phase lag] Amplitude Phase lag]
of veloaty of veloaty of velodty of veloaity of veloaty
{cmis) | (degree) | (em/s) | (degree) | (degree) | (cmts) | (degree) | (degree) | {cm/s) | (degree)]| (cmis) | (degree)
K1 7.4 308 33.9 114 348 34.6| 114.0 78 1.8 24 346 114
o1 4.6 275 19.6 81 347 201 81.0 77 1.1 351 20.1 81
Pl 2.5 308 113 114 348 115 1140 78 0.6 24 11.5 114
Q1 1.5 185 5.8 71 354 5.8 69.0 84 1.3 159 5.8 69
M2 81 145 330 358 353 53.4 358 83 4.3 88 53.4 357
52 2.2 211 17.5 349 355 17.6 349 85 1.5 259 17.6 350
N2 1.4 175 11.3 356 353 11.3 356 83 0.0 86 11.3 356
K2 0.6 211 4.8 349 355 4.8 349 85 0.4 259 48 350
M4 2.5 11 3.3 241 341 5.6 234 71 1.8 324 5.5 238
MS4 1.4 54 3.5 225 338 3.8 226 68 0.2 136 3.7 226
oy | L1 e 2.3 (cais) 204 (degree) 2.6 (i) 2.2 ()
3.5m
East component | North component pompomnt of ellipse - Main Direction
‘ Long axis Short axis 353 (degree)
Constituent ::::?:: Phase lag] :::];:::; Phase lag] Directien ‘:Rilrﬁf; Phase lag] Direction ‘:,nv:i:g: Phase lagy :;nv:i:;:: Phase lag]
(cm/s) | (degree) | (am/s) | (degree) | (degree) | (cmss) | (degree) | (degree) | (cm/s) | (degree) | (am/s) | (degree)
K1 82 312 328 114 347 33.7 115 77 25 25 33.6 114
o1 4.6 274 18.8 BO 347 19.3 81 77 1.1 351 19.3 81
Pl 2.7 312 109 114 347 11.2 115 77 0.9 25 11.2 114
Ql 1.7 199 5.4 71 348 5.5 68 78 1.3 158 5.5 68
M2 6.9 153 499 356 353 50.3 356 83 2.7 86 50.3 356
52 2.3 209 16.6 347 354 16.7 348 84 1.5 258 16.6 348
N2 1.7 i86 11.1 356 351 11.3 357 81 0.3 267 11.3 357
K2 0.6 209 4.5 347 354 4.5 348 84 0.4 238 45 348
M4 2.4 11 5.2 236 340 55 230 70 1.6 320 5.4 233
M54 1.4 32 3.0 216 336 3.3 217 66 0.1 307 32 217
oty | 18 G 0.4 (cmls) 284 (degree) 19 (s 0.7 (cmse)
- 77




Table 3.1.27(5) Harmonic Constants (ADCP, P11, no.5: 4.0m and 4.5m: from 3 to 27 Dec. 2000)

4.0m
Component of ellipse Main Direction
East component {North componen - -
Long axis Short axis 353 (degree)
Constituent m
OrEHIIERH Amplzude Phase lag Amphizade Phase lag| Direction Ampliude Phase lag{ Direction Amphiude Phase lag] Amplitude Phase lag]|
of veloaity of velooty of velocity of velocity of veloairy
(cm/s) | (degree} | (emis} | {degree) | (degree) | (cm/s) | (degree) { (degree) | f{cmis) | (degree) | (cmis) | (degree)
K1 9.0 313 32.1 114 345 33.2 115 75 3.0 25 33.1 114
01 4.6 273 18.8 79 347 19.3 80 T 1.1 350 19.3 80
P1 3.0 313 10.7 114 345 il.1 115 T3 1.0 25 11.0 114
Q1 2.0 208 4.9 T4 343 3.1 69 73 1.4 159 5.1 71
M2 6.2 169 46.9 355 353 47.3 355 83 0.6 85 47.2 335
s2 2.4 197 15.6 348 352 15.8 349 82 1.1 259 15.8 349
N2 1.9 186 110 358 350 11.2 358 80 0.3 268 11.2 358
K2 0.6 197 4.3 348 352 4.3 349 82 0.3 259 4.3 349
M4 22 12 5.5 233 342 3.8 228 72 1.4 318 5.7 230
MS4 1.0 19 2.8 222 341 2.9 220 71 0.4 310 2.9 221
Steady 2.4 (cmis) 25 (cs) 316 (degree) 3.5 (cmls) 2.9 (cmis)
component
4.5m
Component of ellipse 1ain Directi
East component |North component] - i 4 - Main Direction
Long axis Short axis 353 (degree)
Constit o m
enetlinent] amphuae Phase lag| Amphtude Phase lag| Direction Amplitude Phase lag| Direction Amplitude Phase la Ampliude | b} o se lag]
of velocity of veloaty of velocity of veloaity of veloary
(em/s) | (degree} | (emis) | (degree) | (degree) | (emis) | (degree) | (degree} | {em/s) | (degree}| {cm/s) | (degree}
K1 9.5 312 31.2 113 344 324 115 T4 3.0 23 32.3 114
01 4.3 270 18.3 81 347 18.8 81 7T 0.7 351 18.8 81
P1 3.2 312 10.4 113 344 10.8 115 74 1.0 25 10.8 114
Q1 1.8 213 44 68 341 4.7 64 71 0.9 154 4.6 66
M2 6.4 187 43.6 354 352 44.0 354 82 1.5 264 44.0 354
S2 2.3 194 15.0 350 352 15.1 350 82 0.9 260 15.1 350
N2 1.9 184 10.8 356 350 11.0 356 80 0.2 266 11.0 356
k2 0.6 194 4.1 350 352 4.1 350 82 0.2 260 4.1 350
M4 2.1 14 5.2 228 341 5.6 224 71 1.1 314 5.3 226
MS4 1.0 5 29 222 344 3.0 219 74 0.6 309 3.0 220
Steady ) - -
component 3.0 (em/s) 4.0 (am/s) 323 (degree) 5.1 (cm/s) 4.5 f{cm/s)




Table 3.1.27(6) Harmonic Constants (ADCP, P11, no.6: 5.0m and 5.5m: from 3 to 27 Dec. 2000)

5.0m
East component [North componen Tom a::mponent of elhl):; — Ma;;:%Duzzv;i::}
Constivuent e | Phase lag| 7" ** | Phase lag Direction o e | Phase lag] Direction s {Phase lagl 277 """ | Phase lag]
{cmss) | {degree) | (cmis) | (degree) | (degree) | (cmis) | (degree) | (degree) | (caw/s) | (degree) | (ems) (degree)
K1 9.5 310 28.9 113 342 30.3 115 72 2.6 25 30.1 114
01 4.1 268 16.8 79 346 17.3 79 76 086 349 17.3 79
P1 3.2 310 2.6 113 342 10.1 115 72 0.9 25 10.0 114
Q1 1.3 2086 4.3 70 347 4.4 67 77 0.9 157 4.4 67
M2 6.9 198 40.4 351 351 40.9 352 - 81 3.1 262 40.8 352
52 2.2 187 14.2 351 351 14.3 352 81 0.6 262 14.3 352
N2 2.2 178 9.9 359 348 10.1 359 78 0.0 89 10.1 359
K2 0.6 187 3.8 351 351 3.9 352 81 0.2 262 3.9 352
M4 1.9 4 5.4 218 343 5.6 215 73 1.0 305 5.6 216
MS4 1.2 357 2.6 215 338 2.8 209 68 0.7 299 2.8 212
mit:::z'm 3.3 (cmis) 5.0 f(cm/fs} 326 (degree) 6.0 (cmis) 5.5 (cmis)
5.5m
East component [North componen Tong ax(ilsomponent of elhp:;on P Ma;;{?”(::::
Constituent ::’:?:::: Phase lag] ::_:];::: Phase lagf Direction :;tzl;:‘:‘:: Phase lag] Direction :::t::g: Phase lag] ‘:fm;l;::: Phase lag]
{cm/s) | (degree) | (em/s) | (degree) | (degree) | (coss) | (degree} | (degree} | (omis) | (degree} | (amfs) | (degree)
K1 9.6 3086 28.6 111 342 30.1 113 72 2.3 23 30.0 112
01 3.9 261 17.0 81 347 17.4 81 77 0.0 351 174 81
P1 3.2 306 9.5 111 342 10.0 113 72 0.8 23 10.0 112
Q1 1.1 198 3.8 65 348 3.9 62 8 0.8 152 3.9 62
M2 7.9 205 39.0 352 350 39.5 353 80 4.2 263 39.5 354
52 2.1 196 12.7 1 351 129 1 81 0.6 271 12.9 1
N2 2.3 176 2.7 357 347 10.0 357 77 0.0 87 10.0 357
K2 0.6 196 35 1 351 3.5 1 81 0.2 271 3.5 1
M4 1.7 357 53 224 347 54 221 77 1.2 311 54 221
MS4 1.1 350 2.4 228 344 25 222 74 0.9 312 2.5 223
mit;::zm 3.6 (cmis) 4.6 (cw/s) 322 (degree} 5.8 (cm/s) 5.3 (cm/s)




Table 3.1.27(7) Harmonic Constants (ADCP, P11, no.7: 6.0m and 6.5m: from 3 to 27 Dec. 2000)

6.0m
Component of ellipse Main Direction
East component |[North componen - -
Long axis Short axis 353 {degree)
Constituent 3 roiige Ampliud Amplcod Ttad Amphtud
uf‘:l:my Phase lag]| ufvil;t; Phase lag| Direction ofv:]:cun: Phase lag| Direction ‘::ll;l;[: Phase lag} nval;!; Phase lag|
{cmis} | (degree) | (cm/s) | (degree) | {degree) | (cmss) | (degree) | {degree) | (cmis) | (degree) | fcmis) | (degree)
K1 9.6 3086 24.2 109 339 259 13§ 69 2.7 21 25.7 110
01 4.0 263 14.1 74 344 14.6 74 74 0.6 344 14.6 T4
P1 3.2 306 8.1 109 339 8.6 111 69 0.9 21 8.6 110
Q1 0.8 214 2.9 66 347 3.0 64 rirj 0.4 154 3.0 64
M2 8.8 209 35.5 346 349 36.1 348 79 5.9 258 36.1 349
52 2.1 198 13.0 351 352 13.1 351 82 0.9 261 13.0 352
N2 2.4 178 8.7 355 345 9.0 355 75 0.1 285 9.0 353
K2 0.6 198 3.5 351 352 3.6 351 82 0.3 261 3.5 352
M4 1.3 357 3.8 198 348 3.9 197 8 0.5 287 5.9 197
MS4q 1.1 341 3.9 202 347 4.0 199 17 0.7 289 4.0 199
Steady 3.2 (oo 6.0 (emis) 332 (degree) 6.8 (cis) 6.6 (cris)
companent
6.5m
Component of ellipse Main Direction
East component |North componen - - -
Long axis Short axis 353  (degree)
Constituent Amplitude Amphtude i i Amplitude . . Amphtude Amplitude
of velocity Phase lag| of velocity Phase lag] Direction of velogity Phase lag] Direction of velosity Phase lag} of velonity Phase lag|
{cm/s} | {degree) | (am/s) | (degree) | (degree) | (cmis) | (degree) | (degree) | (am/s) | (degree) | (om/s) | (degree)
K1 10.3 308 20.7 105 335 229 109 65 3.6 19 22.4 107
01 4.5 270 12.9 64 342 13.5 67 72 1.9 337 13.5 66
P1 34 308 6.9 105 335 7.6 109 65 1.2 19 7.5 107
Q1 0.7 196 2.5 72 351 2.5 70 81 0.8 160 2.5 68
M2 10.1 219 339 342 350 24.3 344 80 8.4 254 34.2 345
52 22 210 12.3 344 353 12.4 345 83 1.5 255 12.3 345
N2 2.8 181 7.4 348 339 7.9 350 69 0.6 260 7.8 349
K2 0.6 210 3.3 344 353 3.4 345 83 0.4 255 34 346
M4 08 279 4.9 181 359 4.9 181 89 0.8 271 4.8 179
MS4 1.5 324 4.0 178 342 4.2 174 72 0.8 264 4.2 175
Steady ;
component 2.4 (cmls) 7.6 (cm/s) 343 (degree) 8.0 {emis) 8.0 (em/s)




Table 3.1.28(1) Harmonic Constants
(ADCP, P19, no.1: from 0.5m and 6.0m: from 5 to 6 March 2001)

Observed period : 2001/03/05 00:00 to 2001/03/06 00:00

Component of ellupse
| East component | North component Long axis Short axs
Layer Constituent :%nx'::::;:’ Phase lag 3’:‘;'::;?:: Phase lag | Direction ;’T;II: t::i; Phase lag | Direction ;":,ZI:;‘;?; Phase lag
(cm/s) |(degree)| {cm/s) |(degree)|{degree)| (cm/s) | (degree)|(degree)| (cm/s) |(degree)
05m LMl | 1292 ] 4000] 4693 22020 | 34460 | 48.68 | 22020 7460 005 31020
b [ M2 | 18.11] 5500 5303 25820 34250 | 56.51| 25610 7250 655 | 346.10
sea M4 3.02 | 22710 8.36 2050 | 34170 8.80 23.20 71.70 1.29 | 293.20
surface co?nt::::nt ~25.89 (cm/s) =350 (cm/s) | 262.30 (degree) 26.13 {cm/s)
Tom L_M1_| 1755] 3460] 4260] 227.10| 33800 4594 22530 | 68.00] 353 ] 31530
bolow |__M2 | 1804 6040 5644 25190 | 342.60 | 59.15 | 250.90 | 72.60 | 3.43 | 340.90
S e 651 19920 |  6.30] 2440 31400] 9.05] 2170 4400] 040] 11170
surface c:;:s:::nt =-30.95 (em/s) -6.06 (cm/s) | 258.90 (degree) 31.54 (cm/s)
T 17.91] 2890 | 43.66 ] 22180 | 33810 | 4704 | 22000 68.10] 371 [ 310.00
botow | M2 | 1086 5930 5462 25320 349.00 | 5563 | 252.70 | 79.00| 2.56 | 342.10
sea M4 517 | 203.20 7.71 28.90 [ 326.20 9.27 27.10 56.20 0.43 | 117.10
surface cosr::‘:::nt =17.41 {em/s) -485 (cm/s) | 254.40 {degree) 18.07 (cm/s)
2.0m M1 17.05 17.00 4590 | 215.70 | 34040 ]| 48.70 [ 213.50 70.40 5.14 | 303.50
below M2 9.17 48.10 52.46 | 25810 | 351.30 53.06 | 25740 | 81.30 4.54 | 347.40
sea M4 2.35 | 220.50 1.36 27.80 | 342.60 1.7 28.90 72.60 0.50 | 298.90
surface [, S=> | -847 (cm/s) | -0.33 (cm/s) | 267.80 (degree) 8.47 (cm/s)
25m L_Mi_| 1757 1300 4820] 21400 ] 34090] 5095] 211,70 7090] 597 301.70
boton M2 955 | 4080 | 52.15] 25890 | 351.70] 5270 | 258.00 | 81.70| 582 348.00
sea M4 0.93 | 233.60 71.55 15.10 | 35440 7.58 15,50 84.40 Q.58 | 285.50
surface [ > | 465 (em/s) | 221 (cm/s) | 29540 (degree) 515 (cm/s)
2o |_Mi__| 1752 1030 4827] 21380 | 341.30] 5092 211.30| 71.30] 6.63 ] 301.30
bolow M2 9.60 | 3650 | 51.05] 257,70 | 351.90 | 5246 | 256.70] 81.90] 632 | 346.70
eo" [m4 | o012] 28550] 6701 440 0201 670] 440 90201 0.12] 27440
surface | ¥ | -386 (cm/s) | 330 (cm/s) | 31050 (degree) 5.08 (cm/s)
25m |_M1_| 1737 11.10] 4767 ] 21340 | 341.00] 5031 | 210.80] 71.00] 6.2 | 30090
bolow |—_M2 9.65| 8.0 5073 256.70 | 35130 | 51.31 | 25570 81.30| 584 | 345.70
sea M4 0.54 | 341.00 6.19 1 354.70 4.80 6.22 | 354.60 94.80 0.13 | 264.60
surface | oea¥ | 260 (em/s) | 405 (om/s) | 327.30 (degree) 481 (cm/s)
aom L_Mi__| 1582 1250 4743] 21380 ] 34250 | 4960 211.80| 7250] 548 | 301.80
botow | M2 | 890 4160 49.32 | 26550 | 351.40| 4988 25470 | 81.40| 4.92 | 344.70
sea M4 0.25 | 143.70 5.40 | -344.40 | 357.50 5411 34440 87.50 0.09 74.40
surface | ooy | -2.05 (em/s) | 542 (cm/s) | 339.30 (degres) 5.80 (cm/s)
a5m M| 1522 1400 4624 21450 34770 4841 ] 21260 72.70] 5.10] 302,60
ot [ M2 8.04 | 4780 47.30| 25540 35140 47.84] 25480 8140 369 | 344.80
sea M4 0871 277.00 5.11 ) 343.00 4.00 5121 34230 [ 9400 0.79 | 252.30
surface | s | -202 (em/s) | 662 (cm/s) | 343.00 (degres) 6.92 (cm/s)
com LM [ 1437 1770 4432 21510 342.70] 4641 ] 21350 7270 410 30350
bolow M2 7.94| 5310 4496 25490 | 350.70 | 4556 | 254.30 | 8070 | 292 | 34430
sea M4 1.36 | 231.00 490 | 341.80 ] 354.00 493 | 34330 | 84.00 1.26 | 253.30
surface | oo | -1.60 (em/s) | 7.08 (om/s) | 347.30 (degree) 7.25 (cm/s)
5.5m M1 13.30 23.50 4426 | 21570 | 343601 4613 | 21470 713.60 2.69 | 304.70
bolow | M2 791 | 5870 4204 | 25410 | 34970 | 42.72 | 25360] 79.70| 207 | 343.60
sea M4 202 | 233.10 513 ] 33450 | 354.70 5.15 | 336.60 84.70 1.97 | 246.60
surface | o2 | -1.32 (em/s) | 681 (om/s) [ 349.10 (degree) 6.94 (cm/s)
60m |_Mi_| 1235] 3040| 42.42] 21610 | 34380 44.16] 21560 7380] 1.18 | 305.60
bolon M2 BO7 | 6110 39.47] 253.10 | 348.70| 40.26 | 25260 | 78.70] 1.64 | 342.60
sea M4 2.61 | 24250 5.59 | 330.3¢ 1.30 559 | 329.70 91.30 261 | 239.70
surface c::::::nt -1.14 (cm/s) 6.18 (cm/s) | 349.60 (degree) 6.29 (cm/s)




Table 3.1.28(2) Harmonic Constants

(ADCP, P19, no.2: from 6.5m and 10.5m: from 5 to 6 March 2001)

Observed period : 2001,/03/05 00:00 to 2001/03/06 00:00

East component

North component

Component of ellupse

Long axis Short axis
Layer |Constituent] Amplitude Amplitude N Amplitude _— Amplitude
of velocity Phase lag of velocity Phase lag | Direction of velocity Phase lag f Direction of velocity Phase lag
e e e S S apas| 7 e el T (e
M1 . . . . . .
6-5 . . . A
balor:v M2 8.51 67.80 37.07 4 251.680 | 34710 38.03 | 251.50 77.10 0.56 | 341.50
sea M4 246 | 221,90 5.47 | 326.20 | 352.20 552 | 329.60 82.20 237 | 23960
surface Steady -1.37 (cm/s) 5.84 {cm/s) | 346.80 (degree) 6.00 (cm/s)
componen
7.0m M1 11.37 36.40 40.13 | 217.70 | 344.20 41,71 | 217.60 74.20 0.26 | 307.60
below M2 944 | 7250 35.06 | 250.00 ] 344.90 36.30 | 250.20 74.90 0.39 | 160.20
cea M4 240 | 203.10 5531 321.20 | 346.60 5.66 | 326.10 76.60 207 23610
surface Coit:c?::nt -1.46 (cm/s) 5.74 {cm/s) | 345.70 (degres) 5.93 (cm/s)
75m M1 1067 36.20 3922 | 21880 ! 344.80 40.65 | 218.60 74.80 0.47 | 308.60
bolow M2 9.63 | 76,90 | 33.56 | 24800 | 344.10 | 3490 | 248,60 | 74.10 | 143 | 158.60
cea M4 1.36 | 197.70 556 | 31480 | 353.30 559 ] 316.30 83.30 1.20 | 226.30
surface coit:j::m -1.27 (cm/s) 580 (cm/s) | 347.20 (degree) 5.74 (em/s)
8.0m M1 10.79 38.70 3798 21910 | 34410 3949 | 219.10 1410 0.07 | 308.10
bolow | M2 | 1005| 8120 31.77| 24580 | 34290 3323 | 24710 7280 255] 157.10
sea M4 1.59 | 168.60 542 | 31040 | 346.60 5.56 | 312.70 76.60 0.96 | 222.70
surface | oo® | 127 (em/s) | 579 (em/s) | 347.70 (degree) 5.93 (cm/s)
8.5m M1 10.33 38.50¢ 37.41 ] 218.60 | 344.60 38.81 | 218.60 1460 0.02 | 308.60
below | M2 | 1047 8270 3042 | 242.80 | 34190 | 3109 | 24480 | 7190 340 | 154.80
sea M4 1.95 | 156.20 454§ 31220 | 338.00 4.89 | 215.60 68.00 0.74 § 225,60
surface Cjnt;:::m -1.70 {cm/s) 6.06 (cm/s) | 344.30 (degree) 6.29 {cm/s)
50m LM 077] 3740 35096 216,10 | 34480 | 3777 | 21800 | 7480 0.10 [ 308.00
below M2 10.04 80.00 2944 | 24350 ] 341.70 30.99 | 24510 71.70 2.72 { 155.10
sea M4 1.79 ] 151.40 467 [ 307.30 | 340.30 496 | 31010 70.30 0.69 | 220.10
surface | % | 149 (em/s) | 606 (om/s) | 346.20 (degree) 6.24 (cm/s)
95m LM 938 | 3620 3417] 21770 | 34470 ] 3543 217.60 | 7470] 024 ] 30760
below | _MZ | 1107] 8030 2853 | 741.60 | 330.60 | 3042 | 24300 | 6960 | 3.32 | 153.90
sea M4 1.55 | 149.10 4101 307.20 | 340.30 4.35 | 309.80 70.30 0.55 [ 219.80
surface coit::::nt ~202 {em/s) 6.37 (em/s) | 34240 (degree) 6.68 (cm/s)
10.0m M1 9.09 36.90 32941 217.30 | 344.60 3417 | 211.30 714.60 0.06 { 307.30
below M2 938 | 77.70 | 2658 | 24150 | 341.10 | 2808 | 24320 71.10] 2481 15320
sea M4 213 | 153.20 3.82 | 311.30| 331.80 431 | 316.30 61.80 0.70 | 226.30
surface w?:::::m -2.31 {cm/s) 6.29 (cm/s) | 339.80 (degree) 6.70 {cm/s)
10.5m M1 8.25 32.40 31.42 | 216.30 | 345.30 3248 | 216.10 75.30 0.55 | 306.10
bolow M2 973 | 82.40] 26.21 | 239.70 | 34080 | 27.73 | 242.20| 7080 355 t52.20
sea M4 2.26 | 140.20 3.35] 31210 { 326.10 404 | 3t14.60 56.10 0.26 | 22460
surface coi:::::m -2.16 (ecm/s) 6.73 (cm/s) | 34220 (degree) 1.07 (em/s)
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Figure 3.1.1 Tidal Residual Currents
(Spring Tide, Rainy Season, from 31 July to 30 Aug. 2000)
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Figure 3.1.2 Tidal Residual Currents
(Neap Tide, Rainy Season, from 7 Aug. to 10 Aug. 2000)
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Figure 3.1.3 Tidal Residual Currents
(Spring Tide, Dry Season, from 11 Dec. to 14 Dec. 2000)
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Figure 3.1.4 Tidal Residual Currents
(Neap Tide, Dry Season, from 5 Dec. to 8 Dec. 2000)
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