II-1-5~4 Preparatory process for statistical analysis

The {inal data are recorded by the magnetic tapes which are exclusively applied for

the computers, and transferred to the process of analytical calculation.

The analytical calculation process is divided into time series analysis and other

statistical analysis. In this chapter, time series analysis is described.

The data chtained through the field survey show remarkable flucutation as shown in
Table I-1-5~{3).

The preliminary time series analysis is divided in (i} the processing of time series

data and (ii} the plotting of time series data.

The low pass filtering of time series data is for the purpose of data smoothing and
removing any frequency of the arbitrary time. The examples of those processing are
shown in the following paragraph.

The data plotting is the process to show the data of current direction, velocity,
temperature, and salinity by plotting on the coordinates as the time series curve by the
XY plotter of large capacity computer.

In this study, the process has been conducted as shown in Table II-1-5-(4}.

Table II-1-5-{4] Examples of plotting of time series data

—_
Names of Diagram Used Data tean Calcuiation
i} Time Series of Tidal Current Current Direction & Velocity Values — {Raw Data}
fi} Time Series of Salinity Temperature & salinity Vaiues — {Raw datal
& Temperatute {Hourly valuel ‘
it} Time Series of Tidal Current North & East Components Values Hourly running mean
Curves calculated from current directfon &
velocity values
ivi Time Series of Tidal Current Vectar values of current direction Hourly running mean
Vectars & velocity 25 hours running mean

o-94



Using these procedures, the fluctuations of current direction and velocity,

temperature and salinity of the survey areas are able to show. Each procedure is further

described hereunder.

1}

The fluctuations of current directlon and velocity

This figure is illustrated with the curve derived from the current direction and
velocity values which were measured at every 5 minutes. The current velocity
values measured at every 5 minutes are plotted in solid line and current

direction values of every 5 minutes measurement are plotted in dotted line,

The purpose of producing these figures is to observe the situation of raw data

which are not averaged yet.

Figs. II-1-5~(4] and H-1-5-(5) show the examples of the diagrams based on the
data obtained in this study at SC1 of Seraya Area and TCl1l of Tekong Area.
From these figures, it can be observed that the current direction and velocity of
both SC1 and TC1 are fluctuating with the regular cycles of time, although the
situations of SC1 and TC1 are different from each other. From the figures, the

followings are confirmed.

{1} The regular cycle fluctuation pattern of current direction and velocity are

observed

Seraya Area -— about 1 day cycle period
Tekong Area — about ¥ day cycle period

{2} The distinct turning of current direction is observed.

{31 The duration of slack water is short. The turn of direction is generated

within short time.

H
1

95



SINGAPORE 1981 2/ 23 - 1981 3/ 13
AREA : SINGAPORE

IR
1c0. 0
NS, st tvena ‘ s
100.0
.c 6.0
60 0 s
‘.0
260 o
.n‘qa:‘:' 1 . . Lk . o
: (GIR. .. ! _ ;
-ﬂ‘ r . 1]
9 ; ; A ‘ o i pgerd ot 70.0
h 1] ﬂ
°-: i ‘-;Q‘HW‘H-{\—J Pt — ',—-‘ fames et f’-'."‘ \f'" : S
270 . : - .
] ] Lol 90 0
180 0 \ O O T - T | s
90.0 X 4 o
'Yk, stz tvEL.) 3
100.0 s
80.0 3
e |
20G.0 . ”:;ga‘b]
0.0 - . ey = &
e, fo18,) R A B R R s
o o } RT3 R -uw w ol St
LI ". ” i et 180.0
210 0 qu :-\-J \1') ﬂ i we
180.0 § ' o ) . LY, . . LA
90.0 ! . ’ . ! u
YD sca tver i
100.0 B
0.9 3
60.0 3
g
e lD;g'ni
0.9 .
IGS%I-ET TDIR.} .41 ! - oy - L] b L] -y - - oo
B" b 1 # 1y ] ' l270 0
0. g
vHE NN 100.0
216.0 "'f*"‘"g \-g Hg? < .-o; ,qﬁ‘ oy et Y ! \’ peo
180.0 /‘V ‘ 1 ‘ l‘ ‘ e
40.0 i78 0
'SYh, sc4 1vEL.: s
100.0 % 0
@ a 0.0
60 Q 2:.:
£0.0
wa WWMMWMMWW e
0o
1aggy 1DIR.) Ny Y S N Yy oy oy v o
i I Voo \v.-cﬁvatwd\_. 270.0
~ .ag o \»,-e e\ \ﬂ "R K 0.0
216.0 .ff‘f f' f v 'y “" . oo
180.0 ,,- a v \-g , i_ T A S, h L
i 100.0
'EEh. ses tveL. %
160.0 £0.9
8o s
i MA«N s
s ,AAMM\/\ toggd
’, 0
ag
"oRgh. (0IR. ) LS W S B Y N\ : \ . ] z :
. »
0.0
1 Ve W f' \’f' 1.0
i e v"wn N N e f’ N LR
t30.0 -., w ) v \ w - L 5 - A - lcntz !
i 106- o
'SYEh. scE  tveL.) 5
\0a.9 0-0
#0.0 sa.o
0.0 t 3 :
6.0
10-0% ID;A: l
0o
o (0IR.) o o o e W w wmg W W e 00
P " 216.0
X \ L . ) oo
#70-0 RVLV JUR NNV — el i i L R ':u_n
18c.0 A
90.0

Bobho b ok b B 111111311kl L5E ML

Fig. I-1-5-{4}

M- 96



>
o
anoooou

ICQ%

210.
120,

o & b o b-oonaoao~

90

AReA : SINGAPORE L 1981 27 26 - i30} 3’ i7
TCL IVEL.)
(DIR.)

o

Y Y (4 LS /j ~ H’ Wi ,J o P pﬂ M o s o

-n'.:?_t’.

: ,\f,g\,;qJwiﬁ?**h“hﬁwﬁds**'\&d\;.‘-l}'\"-'
= "»
TC2 (VEL.)

(CIR.)
SHJ#nﬂm,hﬁqmanw#wﬂpun—nﬂhﬁqﬂnxpwﬂﬁﬂﬁﬁ
o d P A W e e o o o o oo g ¥ WY wWoay

TC3 (VEL.)

IDIR.)

el R e R A s e e e e e A M A P S A

Y B N U VI I B
TC4 LYEL.!
toIR.|
. . . 1 ' LT
f'\,-\HHFHV\V\-\VHL—H\«H--\\M\w\w'-u-'h-sk\a\'\'v
L] i T
A A mooA I T T T T T N P

T T T T T ¥ T ] T T T T

b % b bobok
)

t

[
@
—a
[
[V
a3
U
O
e
o
i

Fig. T-1-5-(5)

o-97

fCHzil
i90.

62
w

a h anocaaao

lq§G 5
[ 00
1270 0
}:ao 0
90 4
ICHIS)
15%'e
106 O
ao.no
60 O
40.0
20.0

. an
g9 9
03g
270.0
180.¢
LS00
CHIS)
123-0
104.0
80 0
53 O

00
20.0

o0
'Qﬁ?if
oe¢
27C.0
120 @

99 ¢
renys
Cﬂz ]

IDBA
ac o
&0 ©
40.0
0.0

.0
lqﬁfif
0.0
270 0
180 ¢
0.0

o



2)

Time Series data of salinity and temperature

These are illustrated with the curve derived from the temperature and salinity
date measured at every 5 minutes by the same way as the velocity. And the

plots of every 5 minutes are linked by the solid line.

It can be observed the fluctuations of temperature and salinity are correlated

with fluctuation of current direction and velocity.

The examples of plottings based on the data obtained in this study at SC1 and
TC1 are shown in Figs. II-1-5-(6) and II-1-5-(7).
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3)

From the plotting, the followings are confirmed.

(1) The fluctuations magnitude of salinity and temperature in Seraya Area are

very small.

(2} At Tekong Are, the clear cycle of about ¥ day is observed both in terms of
salinity and temperature. This seems due to the effects of two rivers, Sugai
Juhor and Sungai Uebam, are located in the northern side of the island and

about % day cycle current is dominant.
Time series plotting of tidal current velocity data

Current velocity data are decomposed into two coordinate components, that is,

N-5 & E-W component or alongshore and offshore components.

if Coast line = Compass line
North component (N- comp.) Vn =Vecos 8

East compoennt (E~ comp.) Ve = Vsin 6

and if Coast line % compass line
Alongshore component {alongshore-comp.) Va=Veos (8 ~ 8

Offshore component (offshore-comp.) Vo=Vsin{ 6- 6
8 ' means the direction of coast line to the north.

The component values thus obtained are plotted in curves of time series by
determining the north as {+) and the south as (-} in case of North/West
components, and the east as (+) and west as (-} in case of East/West component.
And from the each time series, the dominant period in current velocity

fluctuations is observed.

The examination of the time series plotting are carried out taking the following
matters into consideration; {1) % or 1 day cycle pattern generated by the tide is
observed or not, (2) if not, what cycle is dominant? Figs. II-1-5-{9) and
7I-1-5-{10) show the time series of current velocity data obtained through the

survey in this study at Seraya and Tekong Areas.
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In these figures, the first curve shows the time series of raw data of current
velocity of every 5 minutes before filtering, and the second curve represents the
time series after low pass filtering by 1 hour running mean, and the third curve

after low pass filtering by 25 hours running mean.

When compared these 3 curves, the time series after filtering become more

smoothly.

Low pass filtering of 1 hour runing mean show that the fluctuation period of less
than 1 hour is excluded. In the same manner, the case of 25 hours running mean

data excludes the component of less than about 25 hours,

The purpose of 25 hours running mean is to find out whether any other current
fluctuations generated by other influences than the tide is existing in the area or

not, as the curve shows the existence of the cycle longer than 1 day.

From the above, it can be confirmed the filtering techniques are effective to
exclude the arbitrary time scale components by filtering the data. The filters

employed in the study are shown in Table II-1-5-(5).
Table II-1-5-(5) Low-pass filters

Name of filter Remarks
1 hour Running mean Employed for data smoothing

25 hour Running mean FEmployed for analysis of varaition longer than
one day. The components shorter than about one
day are excluded.

Cosine filter Same as 25 hour filter, the components shorter
than about one day are excluded, particularly

more effective to exclude the influence of tidal
current.

In the Figs. II-1-5-(9} and O-1-5-(10), the tidal curves obtained from the time
series fluctuation of observed tide is shown in the bottom part in order to
observe the relation with the tidal current. In Fig. II-1-5-(9) the tidal curve
observed at Jurong Wharf, Seraya Area, and in Fig. II-1-5-(10) the tidal curve

observed at Slave One, Tekong Area, are shown.
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The symbols in the figures represent the age of moon; @_ is last quarter, @@ is

new moon and )) is first quarter.

In the survey aras, the spring tide (tidal range is largest) is generated about 2
days after new moon and full moon (O}, and the neap tide (tidal rnge is smallest)

is generated about 2 days after last and first quarter,

The current conditions of the survey areas seem the tide generated by the tidal
current is dominant, and so by the symhols mentioned in the figures will enable
to observe the relation between the tide and the tidal current. The results of

observation of the figures are as follows:
-— BSeraya Area

(1) From the figures of raw and 1 hour running mean, the dominant period at

the spring tide is % day and 1 day, and 1 day at neap tide.

{(2) The dominant periods more than 1 day are not observed from the data

obtained through the current survey duration. (Refer to 25 RUN.M)

(3) The difference of velocity is observed between the spring tide and the neap
tide, and the velocity of the spring tide is faster.

(4) By the influence of the coastal line topography, magnitude of current speed
of North/South component is smaller at SC2, 3, 4 and 5.

— Tekong Area

(1) From the figures of raw and 1 hour running mean, the dominant period of
this survey area is % day. And at the spring tide after the new moon, the
velocity is fastest.

(2} By the influence of the coastal line topography, the values of velocity are

larger at TC2 where East/West component is dominant and at TC3 where

South/North component is dominant.
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Fig. I-1-5-{10)" Time series plotting East/West components of

current velocity at Tekong Area
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Vector time series

This figure illustrates the current direction and velocity by vectors and is drawn

in time series manner.

Different from the time series plotting of current velocity components, the
current direction and velocity are expressed by vectors and so the actual

fluctuation of the current velocity can be observed directly.

Fig. I-1-5-(11) shows the vector time series and the horizontal line represents
East/West direction and the vertical line represents North/South direction, and

hourly fluctuation of direction and velocity are expressed by vectors.

From the vector time series, the dominant periods of the current flucutation of
the survey areas can be also observed, Particularly the vector time series which
excludes the cycle flucutation of longer than 24 hours by 25 hours filter is the

basic data for the analysis of low frequency fluctuation.

i

tcy/s)
30,0 _ 5T 4 -5.04

-15.0 ¢ s fal
{Direction)
-30.0 J i - .
0o ! ! a5lg1CM/S)
1
IIIIII'[""Il'!lll“‘llll]’rl]’llllI!Ilrrl'llll‘i]]‘lllil‘ll.‘l]
?3 ?4 ?s ?s ?7 ?a

{pate]

Fig. II-1-5-(11) Vector time series

The examples of vector time series based on the results of survey at Seraya and
Tekong aeeas are shown in Figs. II-1-5-(12) and II-1-5-{13). In these figures, the
first line is for raw data, the second line is for 1 hour filter and the 3rd line is
for 25 hours filter. And at the bottom of figures, the survey points maps are

attached which illustrate the generated behaviour of the current conditions.
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From these figures, the following conclusion are obtained.

{1)

(2)

(3)

Seraya Area

At all the survey points, the current flow which is parallel with the coastal
topography is observed.

The velocity of SC6 and SC1 is the fastest and it seems that the surrounding

topography is the narrow water way in these two survey points.

It is the charactristics of all the suvey points that the duration of slack
water is short and the current is changing its direction rapidly by 180°

within the short period.

From the figures of 25 hours running mean, the average current direction

after excluding the flucutations shorter than 1 day are as follows:

SC1 North/West current
sCz2 West current
SC 3 South/West current

SC 4  South/West current, North/East current and South/East current
SC5  South/West current

SC 6 South/West current

Thus general tendency of averaged current direction is westward.

—- Tekong Area

(1)

(2)

At all the survey points, the current flow is parallel with the coastal
topography is observed. The velocity of all the survey points is faster than
the case of Seraya Ara. This might be due to the reason that the

topography of the areas swrrounding the survey points are the narrow
waterway.

It is the characteristics of all the survey points that the duration of slack
water is short and the current is changing its direction rapidly by 180°
within the short period.
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(3} From the figures of 25 hours running men, the average current direction

after excluding the fluctuations shorter than 1 day are as follows:

TC 1 North current
TC 2  South/East current
TC 3 North current
TC 4 North current

Thus general tendency of averaged current direction is northward.
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Fig, O~1-5-(13)' Survey points chart of Tekong Area
I-1-5-5 Statistical analysis
For the statistical analysis, the various computer programs are established according
to the objectives. Table II-1-5-(6) shows the items of statistical analysis and the results

of such analysis.

Table II-1-5~(6) Items and results of statistical analysis

Item Results
1) Harmonic analysis of Result table of harmonic analysis
tidal component current ellipse
2} (1) Statistics of Table of calculation results
fluctuation
{(2) Power spectrum Power spectrum

(3) Auto correlation Auto correlation

1) The hormonic analysis of the tidal current

For the analysis of the tidal current, the harmonic analysis is the most commeon,

It is called as hormonic analysis of the tidal current for the tidal current, and

hormonic analysis of the tide for the case of the tide.
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From the standpoint that the tidal current is generated by the tidal force, the
method of analysis is the same in principle. As for the method of harmonic
analysis of the tide and tidal current, Darwin method, Tidal Institute method,

Method of Least Squares and so on are established,
In this study, the method of Least Squares has been employed.
-— On harmonic analysis of tidal current

The tidal generation theory (I. Newton equilibrium theory of tidal) defines as the
tidal current is generated by the fact the gravitation of the sun and moon are
different in each point of the earth surface. Fig. II-1-5-(14) shows the model
figure of the earth surface changing shape by the tidal force.

Fig. II-1-5-{14) The earth surface change by tidal force

It can be seen from the earth that the movement of the sun and the moon is not
regular, and the movement cycles, the distance from the earth, the orbiting
paths and etc. fluctuate all the time. From this fact, the tidal current is

composed by the complicated movements.

Fig. II-1-5-(14) shows the simple model of the tidal current behaviour. In order
to analyse these behaviour, the assumption is made that the tidal force is
generated by one virtual artificial star, after classifying the complicated tidal

froce from the sun and moon,

This virtual artificial star is assumed as being located in the certain distance
from the earth and moving around on the equator of the earth by the certain
speed. The tide generated by this virtual artificial star is called component
tide. The tidal current thus generated is called as component current. From the
above, it is considered as the tidal current is composed by these component

current.
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The tidal component is classified into various tides as shown in Table II-1-5-(7).

Symbol

Table 1I-1-5-(7) Table of tidal component

Constituent

~ Semidiurnal tide -
Lunar semidiurnal tide
Solar semidiurnal tide
Lunar ellipse tide
Luni-solar semidiurnal tide
- Diurnal tide -
Luni-solar diurnal tide
Lunar diurnal tide
Solar diurnal tide
Lunar ellipse tide

- Overtide ~

(01 x %)

(M2 + SZ)

Speed
(3600 - period)

28.98410
30.00000
28.43973
30.08214

15.04107
13.94304
14.95893
13.39867

57.96821
58.98410

Period
(mean solar time)
h
12.42
12.00
12.66
11.97

23.93
25.82
24.07
26.87

6.21
6.01

The representative component tides from the aove table are described.

M, tide (Lunar semidiurnal tide} is the most importnat one among the

semidiurnal tides generated by lunar. It is generated when the lunar is supposed

to move on the equator keeping the constant distance between the earth and

lunar.

The average time the lunar transits the meridian is 24 hours and 50.6 minutes.

During these hours, the tides change twice and so the period is 12 hours and

25.3 minutes and the speed is "360° - 12.421 = 28.984°/h".

SZ. tide {Solar semidiurnal tide) is the tide generated by the sun, and its speed is
30°%/h and cycle period is 12 hours.

K, tide (Luni-solar diurnal tide) is generated by the moon and sun is not moving

on the equator, and its speed is 15.041°/h and cycle period is 23.93 hours.
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OI tide (Lunar diurnal tide} is generated by the moon which is not moving on the
equator, and its speed is 13.943°fh and cycle period is 25.82 hours,

There are many constituents besides the above, but the above explained 4
component tides are the most important and typical ones. From these 4

constituents, the general behaviours of the tide and tidal current can be cbserved.

The derived current velocity from the observation is divided in South/North

components (UN] and East/West components (UE}., The obtained current
velocity can be expressed by the following equation.

Uz =U2’N +UzE -~ {1}
In this equation, UN and UE are the leveling movement to the one way and so it
can be harmonic-analysed, same as the tide. These current velocity can be
expressed as the total of constituents which has the deviation and phase lag
peculiar to the corresponding constituent current.

UN,E=Uo +3 fNUNcos (Vom 4+ 4 nt- Kn} - (2}

In this equation, {n} represents the constituent.

Uo is the mean velocity (constant current] which is different from the tidal

current, and is something like ocean current.

In is the number near to 1 which changes slightly by the cylce period of about
18.6 year,

von is the astronomic constant of the each constituent at the epoch time and

are compiled in the table alter calculation.

d n is the angular velocity of the constituent and is determined by the

astronomic maovement.

UN, KN are the maximum speed and phase lag of constituent, and they are the
constant values peculiar to the locations.
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These UN and KN are called as the harmonic constant of the tidal currrent. And
the harmonic analysis is to cobtain such harmonic constant from the results of
the observation by calculation. For the calculation of harmonic constant of the
tidal current by the harmonic analysis, it usually takes at least about 15 days for

duration although it depends on the number of constituent duration.

An example of the harmonic analysis of the tidal current based on the

observation data for one day is described as follows.

The tidal current is divided in 2 components of East/West and South/North

direction and both East/West component and South/North component are
expressed by the following equation.

U=Uo+U;cos(dt-d ) +Upcosl2dt-5 21+ Ucostabt-S ) — (3

4
In this equation, Uo is usually called as constant current. This constant current
is necessary to be carefully observed particularly when the one day observation
result is arranged. The second and third term of the equation are semidiurnal
tide and diurnal tide respectively and the fourth term is the quarter diurnal tide

of the compeonent current.

The tidal current as same as the tide is mostly generated by moon. As the
moon moves around the earth once per one lunar diwnal day {by mean solar
time-about 24 hours and 50 minutes}, the period of dirunal current, semidiurnal
current and quarter diurnal current are considered as one lunar diurnal day, %
lunar diurnal day and % lunar diurnal day respectively, And the speed of 1, #
and % day cycle current is considered as 150, 30° and 60° respectively. From
the observation data of current directicn and velocity, East/West component and
South/North component are obtained by analysis and the velocity curve is

illustrated by plotting the time series data of the velocity of the two components.
After obtaining the time from calendar when the lunar transist on the meridian
of the particular location, after reading the velocity from the velocity curve for
24 times at each one lunar hour {1 hour and 2 minutes}, and mean sclar hour, the

harmonic analysis is conducted.

The results of such harmonic analysis is shown in Table II-1-5-(8}.
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Table H-1-5-(8) Results of harmonic analysis

Diurnal current 1/2 diurnal cutrent 1/4 diurnal current
Constant Current
U

o U ¢} Uy s Uy s
North Component o a o
Cusrent 018kt 025kt | 223 0.63 kt 64 0.01kt | 290
East Component ~0.03 kt 0.25 kt 51° | 073kt | 232° | 0.06kt 66°
Current

Fig. II-1-5-(15) is hodograph which illustrates the variation of the constituent
obtained by analysis. This is called as the current ellipse of the tidal constituent.

The current ellipse is obtained from the results of harmonic analysis of the tidal
current, and it is the most important diagram as the results of analysis of the
tidal current. The current ellipse sometimes shows the shape near to the circle
or the straight line. Its rotating sense shows the direction of tidal currenmt

rotation at the observation point and so depends on the locations.

Table II-1-5-(9) shows the results of calculation for current ellipse and it is

called as the element table of current ellipse.

Table II-1-5-(9) Current ellipse elements

Constant
My M. Ma Current
Direction| U, 1 |Direction| U, 2 |Direction| U4 4 |Direction | Velocity
Major Axis 315° |0.35kt |227° | 311° |0.96kt| 57° g97° |ooekt| 67°
351° | 0.18kt
Minor Axis 45° 1003kt |137° 41° j0.10kt | 147° 7° 1001kt | 337°

My ..., diurnal current
Ms..... semi-diurnal current
Mg..... quarter diurnal current
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2 3 - 40 c/sec

Constant current

40 cmfsec

Wt s E

N —40 em/sec

Major axis
7
Minor asxis
w
8
5
s

{1} Put the velocity value scale in the cartesian coordinates.

(2) Diustrate the current direction and velocity values of 0 to 11 hours by vector.
(3) Connect the tops of vector of 0 to 11 hours by line.

Remarks: In case of semidiurnal current, plot the values of 0 to 11 hours (total 12
hours) as the cycle period is ¥ day.

In case of diurnal tidal current, plot the values of 2 to 23 hour {total 24
hours) as the cycle period is one day.

Fig, II-1-5-(15) Current Ellipse of respective component current and diagramming methods

Table II-1-5-(10} shows an example of the hormonic analysis of the tidal

current. The Table II-1-5-(10) is the integrated table of Table II-1-5-(8) and
Table II-1-5-(9), and the elements of constituents (mentioned by symbols)

obtained by the harmonic analysis of the tidal current are shown.
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As explained in Fig, II-1-5-(15), the elements of ellipse are shown as the major
axis and minor axis, The current direction and velocity of the major axis are
the maximum velocity of the constituent. The constituent of the highest
velocity in the table is the dominant current at the observtion point and the
current behaviour of the location is considered that the current is dominated by

the dominant constituent.

Generally at the sea area where the tide is dominant, the observation is good
enough by investigating of Mz, S?. component current (about % day cycle) and
K,, O, {about 1 day cycle} constituents.

In this study, K, at Seraya, and M, at Tekong were dominant.

Table II-1-5-{10) Results of harmonic analysis of tidal current

Posttion From * To Observation Layer
SC-1 Lat. |::1'm"|~f Feb, 25 1981 0000 S im
Long 103734'31"E Mar. 121981 Q000
. Elements of Elypse
Comttaents N Comp E-Consp Major Axis Minor Axis Main Dir.
v k \Y k Dur. v k Dur. v x v k
(emfs) (°) (emfs) (") (") AemB) ("} (") Aemf) () (emps) (")
Ky 1907 54 2279 229 309 2969 51 39 1.27 141 29.69 51
0, 1921 18 2300 196 309 2947 17 39 056 107 2997 V7
VA 219 50 213 208 315 3.00 40 45 0.57 130 299 38
M, 810 235 1081 47 126 1348 50 214 0.33 140 1347 230
S 609 243 693 iy 131 9.21 67 41 .51 157 9.20 47
N 388 254 4.87 51 128 611 60 218 1.24 150 6.10 240
M. 136 17 170 229 307 210 7 217 058 127 210 37
MS, 157 130 204 305 o7 258 127 37 010 217 258 1
Ka tes5 243 1.88 70 131 250 67 41 013 157 250 47
P 631 54 754 229 ki 982 51 39 0.42 14} 982 5t
Vo 10 69 cm/s 14.43 entfs 17.96 emijs 306 n.gg;om;s

—— Results of harmonic analysis

Table II-1-5-(11) shows the results of harmonic analysis of the tidal current of
Seraya Area and Table II-1-5-(12) shows the result of harmonic analysis of the
tidal current of Tekong Area.

In the tables, the symbol, Kl - P1 represent the tital constituents. V is the

maximum tidal current velocity of corresponding tidal constituent.
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K is the phase lag and it is expressed by the angle which represents the time
when the velocity of the component current reaches to maximum after the moon

and sun transit on the meridian of the area.

The elements of ellipse is the factor of the tidal currnt ellipse. The tidal curret
ellipse is expressed by curve, connecting the top of each vectors corresponding
to component hours, Component hour is defined as "2 x (period of component

tide}/24". In case of M, constituent, component hour equal to about 1 hour.
2 P

From this current ellipse, the deviation and direction of the tidal current

constituent can be obtained.
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Table II-1-5-(11} Analysed results of tidal current of Seraya Area (1/3)

Posinon From : To Observation Layer
50—t Lat. |:|7'0| "N Feb. 25 1981 (0.00 - lm
Long. 103°44°31"E Mar. 12 1981 00:00
Elements of Ellipse
N-Comp. E-Comp. Major Axis PMmor Axts Man Dir.
Comstuents 4, v ¢ pn. 0V Kk b VvV kN k
(emjs) (°) (emB) (°) (°) (emis) (°) (°) (emp) (") f(emis) (°)
K, 1907 54 2219 29 309 29.69 51 39 1.27 141 2969 5l
0, 19.21 18 2300 196 309 2997 17 39 056 107 29.97 17
Q 2.19 50 213 208 315 3.00 40 45 0.57 130 299 38
M, 8.0 235 10.81 47 126 i3.48 50 6 0.83 140 1347 230
Sy 609 243 6.93 0 131 9.21 67 41 0.51 157 920 247
N, 388 254 487 51 128 6.11 60 218 1.24 150 6.10 240
Ma 136 717 1,70 229 307 2,10 37 207 058 127 210 37
MSq 1.5¢ 130 204 305 3a7 258 127 37 010 27 258 127
K2 165 243 1.88 70 131 2.50 67 41 0.13 157 .50 247
Py 6.3t 54 7.54 229 309 9.82 51 39 042 141 9.82 51
Vo 1069 cmls  —14.43 cmfs 17.96 cmis 306° 733 s
Posttion From To Chservation Layer
@y pagam by .
sc-2 Lo, 103°6505°E S
N-Comp E-Comp Major A::emcms of Elhps;hmr A Matn Dir,
Constituents v i v k Dir. v 3 Dir v k v k
(emfsy (°) (emis) (") °) Gmts) (°) (%) Aemfs) (") (omis) °
K, 38 231 4D26 324 265 4039 44 175 042 134 40.38 44
0, 398 162 3331 188 264 3848 8 354 1.77 98 3846 8
G ¢45 I 248 220 268 248 40 178 045 130 2148 41
M, L 41 162 1951 N 91 19.52 51 1 132 141 1944 231
5; 097 7 11.3° 58 86 11.38 58 176 075 148 1138 238
N, 1.60 132 813 39 86 8.14 60 356 152 150 815 240
M, 072 194 34 2B 258 A3l 37 348 032 127 3.28 38
MS, a60 02 31 69 p1iY:Y 358 88 356 055 118 3.58 88
K; 025 7 3oy 58 86 309 58 176 020 148 309 238
Py 105 3 1332 224 265 13 3 44 175 al3 134 13.36 44
V, | < emfs 19 69 cmifs 19.79 conls 275° [9'522;:",5
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Table II-1-5-(11) Analysed results of tidal current of Seraya Area (2/3)

Pusitin From T Observation layer
seo3 Lat. I:IS:US:N Feb 23 1981 L7 00 120
Long 1D}V 43STVE Mar. 9 198K 12138
N-Comp, E-Comp Magor Axilcmm's ol l:"lp::mm Axis Mam e
Constatuents k v K br Vv ko De. V k v k
mjs) (%) femB) (°) (%) emp) (") (%) (emls) (7)) (emi) (%),
Ky 1054 233 3577 228 253 378 48 163 089 138 3738 48
O 10,31 185 3615 184 254 37.59 5 164 009 95 3159 5
Q 079 189 30 e 256 ER LY 25 340 022 115 319 a5
M, 4.62 82 1524 42 76 1567 44 346 2 89 134 1566 224
5; 337 61 1097 51 77 11.21 52 347 036 142 11.20 232
N, 193 I} 410 12 64 4.54 12 154 [1341] 162 447 252
M, G B8 168 173 220 257 2.78 37 347 0068 127 278 36
MS, 070 296 433 272 261 4.38 93 171 0317 183 435 93
Ky 0.64 4l 298 51 77 305 5 347 0.10 142 i M
P, 349 233 11.84 228 253 12.34 48 163 D29 138 1234 48
Vo _agsemls  ~1255cmfs 13.46 emfs 28° 1339 ils
Posinon From : To Observation Layer
1°15726"N Feb. 25 00.00
Sc—4 Lo, 1074012 o, 12 1981 00.00 - 8&m
Elements of Ellipse
Constitoents N-Comp. E-Lomp. Major Axis Minar Axis Mam Dir
A4 k \'4 k Dir v k Dur. v k v k
(emis} (%) @mf) (°) (°) (eml) (") (") Aemfs} (°) (emfs) (°)
K, 1.75 260 2298 219 266 2301 40 176 114 130 2260 39
Q, 2.20 36 262 184 274 2627 5 4 1.15 95 2623 5
G 085 196 094 223 228 [.24 3l 318 0,29 12 0.83 47
M, 7.94 153 1291 355 300 14.95 169 210 2.49 259 1378 173
S a9 216 1009 12 106 10.51 32 196 0.23 122 1039 212
N, 1.90 170 334 23 117 in 16 27 0.93 106 353 201
M (344 124 201 203 267 2.0m 23 357 D43 113 1.99 25
MS, 0.35 171 3.93 ’ 267 271 393 87 1 084 177 391 89
Ky 079 216 274 32 106 185 32 196 0.06 122 182 112
P, 058 260 7.60 219 266 761 40 176 0.37 130 748 a9
Vo 0.57 emfs -7 94 emfs 1.96 corfs 265° ? 8:?7?;”5
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Table II-1-5-(11) Analysed results of tidal current of Seraya Area (3/3)

Position From . To Observation Layer
5C s Lat 1°16727N Feb 25 1981 ©€0.00 — &m
Lang  103°39'31"E Mar 9 1981 10:45
- Elements of Ellipse
S N Comp E-Comp Mayor Axis Menor Axis Main Dhr.
v A v k Dir v k D v k v k
(i) (") (emf) (") (%) femisy (°) (") (emf) (") A{emi) (°)
K, 774 233 17 215 5t 2388 37 161 232 127 2342 36
0, 518 206 2395 190 258 2447 11 168 1.49 101 24 38 3
Q 06 260 1.67 333 262 168 151 352 0.58 241 168 151
M, 514 166 87 343 300 1012 164 30 029 254 805 162
53 170 22 647 27 104 667 28 194 0.40 118 623 206
N, 1.26 100 1.28 39 46 |54 69 16 0.91 154 §.35 2258
Mg 108 16 201 149 244 122 62 334 052 152 211 67
MS, 079 183 183 288 77 1.84 112 7 076 202 1.80 106
K, 0406 221 1.76 7 04 181 28 194 0.10 118 169 206
P, 2.56 233 7.51 215 151 790 37 161 077 127 775 36
Vo —410cmfs -9 2bemfs 1013 emfs 246° ? 62%;'1’"
Pusition From - To Observation Layer
a . o 5
sc-6 Long._ 104051 Mo 121981 o000 - - lom
Elements of Ellipse
S N Comp E-Comp Magor Axis Minor Axis Main Bur.
v k v K D v k Dur. v k v k
emb) (°) emb) (°)  (°) (emi) (C) (") (emB) (7)) (emB) (%)
K, 3315 21 3334 222 215 4702 42 315 0.37 132 4702 42
0, 337N 150 3561 191 23 49.03 11 6 0.63 101 4303 11
Q 00 204 162 127 N8 252 33 308 0.5] 123 251 35
M, 1866 37 1037 31 44 1485 34 314 072 (24 1485 244
S: 800 44 814 46 45 1141 45 135 024 135 11.4} 225
N, 445 50 495 51 48 6 6d 55 318 041 145 664 235
M. 218 21 278 230 231 3.52 47 321 02 137 3.50 47
MS, 3.55 | 400 273 123 540 92 318 0.09 182 5.39 g2
K, 217 44 22 46 45 310 45 135 Q.06 135 310 22§
Py 1097 221 1103 212 25 1556 42 315 a1z 132 1556 42
Vo 14 $2ems 1821 canls 21.30.cmfs »n1° :3',‘,?, s‘,’”“
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Table II-1-5-(12} Results of harmonic analysis of tidal current of Tekong Area (1/2)

Position from To Observation Layer
TC-1 Lt 1°2500°N Feb 28 1981 00.00 . i6m
Long. 104°00"08"F Mar. 15 1981 00.00
N-Comp E-Comp Magor Axilements of Elhps;{mor Axis Man Dur
Comstituents v ¥ VY kD VY kK V
temfs)  (°) (enmfsy (%) (") {emfs) (%) (") Aomky (") Aemls) (")
B K 480 354 240 204 155 526 179 65 I 10 269 525 179
Oy 334 337 138 133 158 357 154 248 054 244 357 154
Q; 212} 331 149 174 146 162 158 56 049 b} 257 156
M; 2807 226 13.63 37 154 31.14 45 244 1.95 135 3109 45
S: 132 278 34 89 163 1181 97 253 049 187 11.75 97
N, 636 205 218 8 161 670 23 251 059 13 6.68 23
M,y 774 205 a2 54 159 8.23 28 69 143 118 B.22 29
MS, 734 269 2.64 94 L60 7.80 90 70 018 180 7.7% 50
K, 3.07 278 0.92 89 163 321 97 353 0.13 187 3.19 97
P, 159 354 079 2204 155 1.74 179 65 0136 269 1.74 179
Vo 478emps 127 omfs 495 omjs 2a5° sk
Position From To Observation Layer
TC2 Lat 1°26°03“N Feb. 28 1981 0000 _ - 1m
Long [04°04'03"N Mar 15 1981 0000
Elements of Ellipse
N Comp E-Comp. Major Axis pMmur Axis Main Due
Comstwwents v,y x pr ¥V kK D ¥V kK V &k
emls)y (°) (emfs) (%) () feml) (") (%) (emB) (") (emf) (")
K 306 1 976 178 107 10.23 179 197 olé 269 021 179
0, i 39 897 137 108 947 137 198 o1l 227 946 137
[+ opy 72 145 70 87 1.45 T 357 0.001 161 133 70
M, 1577 211 4048 30 111 4344 30 2H 045 120 4344 30
S; 678 256 1627 80 1Y 17.62 80 22 0.42 170 17.6) 80
N, eb 216 9.02 24 15 e 6 20 069 116 9.7l 26
M, 436 213 986 40 1£3 1078 41 203 0.21 3 1077 41
M5, 385 283 863 103 114 945 103 ho 0003 193 944 103
K, 184 156 441 50 12 470 80 1 a1t 170 4.79 a0
P, 101 I 3.3 i78 107 338 179 197 04as 269 3.38 79
Y, Xodanp 101 confs 3B emjs 164 ljﬁ‘lgds
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Table II-1-5-(12) KResults of harmonic analysis of tidal current of Tekong Area (2/2)

Fosbion Fram * To Observation Layer
t “24°39"N . o0
e Lt::zmg. Dﬂlcag’ég”g !l;i&: ﬁg ;Zgé %.m - Tm
. Elemerts of Ellipse
— N-Carip E-Camp. Magor Agss Mino: Axic Far Dur.
A k ¥ k Drr ¥ & Dri. ¥ k v k
femis)  (°) Gemfsy (%) (%) femB} (°} (%} femf] (") (emfs) ()
K 9465 149 08z Ll 176 967 6% & OS5 259 @67 169
T 233 30 G.30¢ (40 178 9.33  13a 88 @05 220 33 130
& o166 265 1.1 1R ] L0 &% 0.y qlis 255 G.ig 106
4Py 43.55 10 k] 81 176  41.58 3! g8 1.85 121 43.56 3l
Sy 1881 360 130 1M 177 1804 &0 g€ 850 17 1884 83
Ny [0.64 20 1,14 328 ii6 1066 2l s 6.9 LT 1066 2l
My 088 23 0.1a 14 176 {010 41 266 031 13 leld 41
M8, 964 282 058 154 177 e.66 (02 g Q82 19T g66 102
Ks 490 260 G35 24 LT7 490 80 87 04 1M 4,90 80
By L1939 .37 2311 176 320 [69 85 g.l& 259 320 163
Vo 544 entfs —1.97 emfs 539 embs 3407 —S.fféimls
Fasitien Fram To Ohservaiion Leyer
Lai. 172008 N Feb., 2 X
e Long. [m"mw% M:;, u? fggrt gg:% - - &
. Elements of Ellipse
N N-Comp. E-Comp. Major Axis Miriar Axie Mar Dur.
¥ k ¥ k Dvs. ¥ k 1 Ay k ¥ I3
femfl () Gemiy (O3 (") femi) (%) (%) femst (°) {emi (%)
K. 443 5 15680 ol IES 1608 pLi] tes 118 1@ 1513 (¢
0; 337 339 1132 170 {08 11.92 169 ig 0,568 258 1134 348
Q 19 303 143 118 132 3z 126 43 016 26 3.4 308
M, 3924 Y 3090 46 133 4240 41 43 340 130 4286 232
S: 11.88 268 1337 9z 130 [8.32 90 43 0.75 (8¢ (827 2N
Ny 659 27 841 45 127 1088 38 37 1.61 128 1056 2E
My 620 128 548 &7 138 £14 5% 48 .52 (45 795 21317
MS, 480 380 RET ) 145 572 g 85153 X0 541 396
Ky 333 3&B 3.80 82 130 4498 93 40 .20 180 487 371
By 146 s 516 201 285 5.35 20 §25 .39 8] 501 ¢
Vg §T2cmfs 4 07 contfs & 98 eatjs 135" ﬁ.ﬁjﬂ'ﬁcgém

From the results shown in Tables IO-1-5-(11} and II-1-5-(1Z2), the largest

constituent and the second large constituent have been taken up and shown in

Table I-1-5-{13}.
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Table II-1-5-(13} Dominant tidal current constituent in survey area

The First Component The Second Conponent
Areaz S:)T;y Dominant Current Dominant Current
N-comp E-comp N-comp E-comp
SC1 0,(19.21} 0, {23.00 K, {19.07} K;22.79}
sC2 0O 3.98! K; (40,26} Kyl 3.18 0,(38.31)
Seraya SC3 Ky (10.54} 0, {36.15} 01 {1031} K;(35.77]
Area 5C4 M, 7.94) 0,{26.21 S { 292 K, (22.98]
SCE K { 7.74} 0, {23.95} ©{ 5.18} K (22,71}
SCe 0 133.71} O, {3561} K {33.15} K1 (33.34}
TCH M;£28.07} M;{13.63} S; {11.32} 5; { 341}
Tekong TCZ Mz {15.77} M, {40.48} M. 4,36 S, {1627}
Area TC3 M, {4355} My 2,395 S, {18.01] 8 [ 1.31
TC4 M, {29.24} M, {30.90} 5; {11.88] Ky {15.60}

From the above, it can be seen that except SC4-N-comp, Ol compenent current
or K, component, tidal current is dominant in Seraya Area. These constifuent

are so~called diurnal tidal current and the cycle period is about 1 day.

In Tekong Area, MZ component is dominant and MZ & S2 component are

so-called semidiurnal tidal current.

The results of current ellipse are described hereunder. The tfidal current
constituents KI’ 01, MZ and Sz are generally called as the 4 main constituents.

In general, among tidal currents, these 4 are the highest constituents.

Through the study, it was found that Kl and O‘1 component current were most

dominant in Seraya Area and Mz was dominant in Tekong Area.

Figs. II-1-5-{16} and H-1-5-{17) show the current ellipse of 4 major component
current of Seraya Area and Tekong Area respectively. The number noted on the

ellipse is component hour.
From the Fig. II-1-5-{16}, it can be also confirmed that the current ellipse of Kl

and 01 component current are larger than other components at SCI1 and MZ

component is larger than other compoenents at Tekong Area.
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Fig. I~1-5-{16] Curent ellipse of Seraya Area (1}
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2} Statistical analysis of current fluctuation
The purpose of statistical analysis of current fluctuation is to obtain the
statistical natures of fluctuation. The items of calculation are (1] mean velocity
and standard deviation which means the intensity of fluctuation, (Z] power
spectrum and (3} auto correlation.
Table 1I-1-5-(14] Period for data analysis
Survey \ . . .
point Period of harmonic analasis of tidal current Period of caloulation of current fluctuation
sc1 00".00™ Feb. 25 ~ 00007 Mar. 12 {16 day;  12730™ Feb. 23 ~ 100.35™ Mar, 13 (18 day}
sC2 00.00™ Feb. 25~ 19"00™ Mar. 8(11day}  14715M Feb, 23~ 197007 Mar. 8 {13 dayl
SC3 17%.00™ Feb. 23~ 12"35™ Mar. G (1aday) 157367 Fob, 23 ~ (3M.05™ Mar. @ (14 day}
SC4 00"-00™ Feb. 25 ~00™00™ Mar. 12 (15dayl  11738™ Feg, 24 ~ 187.20™ Mar. 12 {16 day)
SCs 00".00™ Feb, 25~ 10"45™ Mar. 9(12.5dayl  12735™ Febr. 24 ~ 107-45™ Mar. 9 (15 day}
SC6 00%-00™ Feb. 25~ 00™00™ Mar, 12 (16 day}  13"20™ Feb, 24 ~ 14125 Mar, 13 (18 day]
TC1 0000 Feb. 28 ~ 0000 Mer. 15 {15day} 117607 Feb, 26 ~ 09™65™ Mar. 17 (19 day}
TC2 00700 Feb.28~00™00™ Mar. 15 (16day)  13730™ Feb, 26 ~ 110357 Mar. 17 (18 day}
Te3 00".00™ Feb. 28 ~00™00™ Mar. 15 (15 dayl  14745™ Feb, 26 ~ 121-00™ Mar. 17 {19 day!
TCA 00".00™ Feb. 28~ 0000 Mar. 15 (16 dayl 117407 Feb, 27 ~ 13M-00™ Mar. 17 (18 day}

{1)

Mean velocity and standard deviation

The mean velocity is obtained for two components {N-comp, E-comp} of
current velocity., The mean currrent is defined in the harmonic analysis as
constant current. The analysed period of the statistical computation are
shown in Table I~1-5-{14}.

Together with mean velocity, the standard deviation is obtained. Table
-1-5-{15] shows the results of these processes. The right side of the table
shows the dominant frequency of the current velocity fluctuations at the

survey points which are obtained by power specturm described later.

Based on the mean velocity of N-comp. and E-comp. enumerated In this
figure, the mean velocity of each survey points of Seraya and Tekong Area
are illustrated on the survey points chart by vectors. (Figs. II-1-5-{18} and
I-1-5-(19.)
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From Fig. I-1-5-(18), the mean current of Seraya Area during the survey

period is found as the westward flow pattern.

From Fig. I-1-5-{19), the mean current of Tekong Area except TC2 during

the survey period is found as the northward flow pattern.
The standard deviation is found magnificent at all the survey points and it
means the intensity of current fluctuation is very strong due to existing the

dominant tidal constituents,

Table II-1-5-(15) Statistical values of current fluctuation

Stati Average velocity (cm/s) Standard deviation (cm/s) Dominant peried (howr)
ation
N-comp. E-Comp. N-Comp. E-Comp. N-Comp. E-Comp.
SCt 10.4 -139 17.5 21.1 25.82 2545
1213 12.30
sC2 1.8 —18.8 43 38.2 23.37 24.74
11.95
SC3 —~4.9 —12.7 104 34.7 2337 24.74
11.62
SC4 ~0.7 -1.1 8.2 24.5 12.48 24,74
11.95
SC5 —4.2 -9.2 8.3 229 24.39 24.74
SC6 —14.1 -17.7 29.1 30.2 2545 2545
12.13 12.30
TC1 4.5 -1.2 244 11.3 12.30 12.48
TC2 -34 .1 139 349 12.30 12.30
TC3 5.0 -1.8 380 29 12.30 12.66
TC4 6.5 =5.0 25,1 294 12.48 27.73
1230
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(2) Power spectrum gives the information on the fluctuation energy density
distribution frequency domain. If energy concentrates on a certain
frequency component, then power spectrum shows the significant peak of

energy distribution at corresponding frequency.

There are 3 Algorithums which compute the power spectrum; (a}
Blackman-Turkey Method{ BT method), (b} Fast Fourier Transform Method
(FFT method} and (c) Maximum Entrophy Method (MEM). In this study, the
calculation has been conducted by BTmethod and MEM. For reference, the

equation of BT method is shown,

When Pxx (7 ) and Pyy (7 ) are power spectrum, there are given by

-1 '
Pex(r)= {Rxx(o) + 2'1';1 Rxx(:')cos(n—r:-) +Rxx(m)com} at

m=l nij.
Pyy (1} ={Ryy(0) +2i§1 Ryy(i)cos(’—n~)+Ryy(m)cosm} At

Where Rxx & Ryy are the auto-correlation function of x & y component
respectively. To obtain the values of power spectrum, the smoothing is
usually performed by multiplying the weighting window function, As the
weighting window, there are Hamming, Hanning, Akaike and other windows,

but in this study Hamming has been employed as co-efficient.
That is;

Prex(D) = 0.54 Prx(0) +0.46 Prx(1)
Pex(r) = 0.23 Pexlr — 1) +0.54 Pux(r) +0.23 Pax(r +1)
Pex(m)= 0.46 Pyx(m — 1) +0.54 Pxx(m)

Further Pyy () has also been smoothed.

The power spectrum is the diagram to illustrate the calculation results of
power spectrums as shown in Figs, II-1-5-(20) and 1I-1-5-{21), In the figures,
the peak expresses the energy concentration and peak frequency is the
dominant frequency of the flctuation in the survey area. The dominant
period can be seen from the list of the calculation results. These results are
shown in the previous table (Table II-1-5-{15}).
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Fig. II-1-5-(20) shows the results of Seraya Area and the most significant
peak of all the survey points are at about 1 day cycle and the secondary

peak is at about ¥ day cycle. So these cycles are dominant at Seraya Area.

Fig., II-1-5-(21) shows the results of Tekong Area and the most significant
peaks of all the survey points are at about ¥ day cycle. So ¥ day cycle is
found dominant in Tekong Area. These results show reconfirmation of the

result of harmonic analysis.

From Table II-1-5-(11), the exact period {dominant cycle) of the peak at SC1
to SC6 and TC1 to TC4 can be obtained.
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{(3) Auto correlation gives the confirmation for time domain of statistical

characteristics in fluctuations.
When the time series, X(t), Y({t) are sampled for N pieces by t time

intervals, and the first reading is mentioned as X(i), Y(i), the average

values X and Y are expressed by
XY=

N - 1 N
ZX0) P=y Y0 (1-4-1)

Auto correlation Rxx(7) and Ryy( r) are

Ru) =g & (X0 - X f{x - ¥ (1-4-2)
Ryy ()= Z:T{Y(r‘ﬁ)— 7ve - 7) U-d-3
7=0,1,..0... L

In the above equation, 7 is shifted number and m is maximum shifted
number and the auto correlation is the regularized number divided by Rxx(0)
and Ryy(0). Figs. II-1-5-(22) and II-1-5-{23) show the auto correlation

function.

The vertical axis is the correlation coefficient in which nearer to 1 and -1

highest the correlation.
Fig. 1I-1-5-{22) shows the results of Seraya Area and the curve in the figure
indicates diurnal period at about 24 hours except the North component of

sC4.

Fig. II-1-5-(23) is the results of Tekong Area and the curves in the figure are

indicating semidiurnal period at about 12 hours at all the survey points.
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O-1-5-6 Analysis of current pattern
In this paragraph, the analysing methods for the spatial pattern of the current

conditions of the survey area are described.
Table I1-1-5-{16} shows the analysing items and results of the current patterns. The

diagrams of these results are produced by XY plotter of the large capacity computers and

plotting programs are prepared for the various expressions according to the objectives.

Table II-1-5-(16] Analysing items and results of current pattern

Results

0 List of calculation results

Analysing [tems
{1} Frequency distribution of current direction
and velocity O Frequency distribution map of current direction
O Fregquency distribution map of current velocity
O Frequency distribution map of classified current direction
and velociy

0 Haorizontal distribution map of scattering plot

O Horizantal distribution map of current ellipse
C Dfagram of current conditions of respective component

{2} Scatiering piot
Diagram of current conditions based on the
curremnt

{3)
resuits of harmonic analysis of tidat current
© Constant current map
© Diagram of current conditions of 1 hour running mean

Diagram of current conditions based on the

(4}
time series of vectors
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(1) Frequency distribution of current direction and velocity give the frequency of

current direction and velocity fluctuation.

Table II-1-5-(17) is the calculation results of frequency distribution calculation

of Seraya and Tekong Areas. The data used for the calculation is 1 hour runnig

mean.

And at the calculation, the current direction is divided into 16 directions
category and the velocity is classified by every 5 cm/sec. These results are
illustrated in Figs. I-1-5-(24) and II-1-5-(25}. From Table II-1-5-{17), the
maximum velocity values, their directions and appearance time of the respective

survey points are shown in Table II-1-5-(18).

Table O-1-5-{18) Maximum velocity, direction and appearance time

Survey Paint Maximum Velogity Direction Appearance Date Appearance Time
sCt 60.07"™/*° 308° 98 44 08h — 15m
scz 83.09 273 3/ 6 08h — 50m
SC3 74.80 74 3/ 4 13h - 10m
sC4 55.63 279 3/ 4 03h — 50m
§C5 63.76 248 KT 22h — 16m
sCe 92.86 227 2/28 2th — 30m
TC1 64.68 152 39 15h — 156m
TC2 103.43 114 39 15h — 25m
TC3 89.56 179 39 15h — 25m
TC4 89.76 127 3/ 8 15h — 20m

From Table II-1-5-(18), it is confirmed that in Seraya Area the maximum
velocity current were appeared at the spring tides which were generated after
the new moon (March 6th) and their direction was the westward except SC3. In
Tekong Area, the maximum velocity current were also appeared at the spring
tides which were generated after the new moon (march 6th) and their direction

was the southward.

From Figs. II-1-5-(24) and II-1~5-(25), the velocity distribution between 0 to 60
cm/sec are found almost even in the appearance rate except SC4, SC5 and
TCl. And referring to the undermentioned survey maps, the directions are
distributing towards the directions parallel to the coastal line. Comprehensively
Seraya Area is dominated by eastward and westward, and Tekong Area is

dominated by southward and northward.
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Table M-1-6-{17) Calculation results of frequency distribution of
current direction and velocity for Seraya Area {1/10}
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Table I-1-5-(17) Calculation results of frequency distribution of

current direction and velocity for Seraya Area (3/10)
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Table II-1-5-(17) Calculation results of frequency distribution of

current direction and velocity for Seraya Area (7/10)

AEL 3 LINGAPOAE

STATIGN NUMREA ¢ TC1
SAMPLING PENIOD ¢ 3931 2 286 13 0 = 1931 3 47 ¢ 2%
'
SRANGEY (B8 ) (LTINS LT ST { TS I3 £1) 3] [EY CESE)  {SE} U35E) €5)  (Ssw)  {5W)
0 =~ .9 15 11} 119 i1} AN e 73 L] 55 LT 3s
G200 0910 AT L0 LaSPC 34310 TR0 1500 1,000 Q.80 0.834
1040 = 1¥.9 ar 4 Q 1] A 56 2 235 55 14 4]
€ teadl 120w 30 = 3¢ 04120 1,030 3PHE L.500 4,000 0.3 Dedd
0.0 = 29.% 15 '] 4] 1] o H 149 40 13 3 ]
[ P S L S R N S O A TS I A PR L N LR S PRI I N |
0.0 = 39,9 3 0 [} 1] [} [4 3 4d!] 1 [} [+}
U G0Nt = 3 « gt =« 3t = ¥ = 20 1,00 &LY¢ 0000 - 30 -~ M
LD - a9 3 ] 0 [ 0 n ] 178 1] [} [}
U 00H = 30 « 36 = 30 = 30 = 36 = M0 BCTm 4t o= 30 = 2t
0.0 = 3%,.% a a a Q 9 L] Q e L] ] 9
t = 3t = 30 e U = N =~ 30 = 3 = M0 2370 =~ ML - 30 = )1
60.0 =~ 49,9 0 a [} a o 0 a 42 [} a n
t = 3 = 3t o+ 0 = 30 = U = 0 = M DBV - ML = 25 =
710.0 = 79,9 a ] n 0 ) L] ] 0 Q 0 a
€ = 1t = 30 < 3% e 36 = 1l e AL = M= 10 o« 3 o=}~ M
8040 ~  89.9 0 n n 0 a ] 0 1] [} o ]
= 30 = 30« 3t o~ 34 = W . 30 =« H o= M e ) = M o= FH
0.0 = 9Y.9 ] n n 1] n n L] ] o o 0
= ¥ = 3 - bt = )¢ = 0 = 30 = M = I - ¥ =~ 30 - i
100.0 - n n a 0 [ [} ] a ] [} 0
t = 30 = 30 = 3t = ¥ = ¥ - W e I = dg - N0 - ) =
o sunToTAL 254 55 L 54 L1 149 sle 1140 126 &4 54
C ) 1.0 Qe D 1D Jesd 0 22000 9u80€ 20,000 24320 3230 1.034
REANIVELOCLTY) 10,18 4485 3e77  4.D9  SoT5 10485 VALAR 31.84 11448 10,20 B33
#ay YELDCITY 032 2.8 Fo8S  G.ET 15.94  23.08 37.2) SLebh 32.90 22,13 13.72
SINECTLON ETLN 12, 42, r7.  1n0. 123, 133, 152. 159, 192, 4.
DATE LV O Y TR VPO Y U VA ¥ YO YA TSRS VAT T2 Y T S 113 )
S 12030 1525 13tk 11340 10 @ #1845 p320 15313 4115 di120 91l
eepIALONLY) 204 535 3 54 A 14y 59 1.0 1]
a0 1.0%0 0.3t 1,000 MaadE 2P 9u8010 21,D0¢ 2.13¢
FOKUTOKY NITSU{OFRLANLYY 100,08 oKESSOKU 0 o5LACK 0 n,x

VECTOR NpaH BIN,  VEL, NeCOMP E-COMP
JL5. k8N Ku51 -1.2%
« 10TaL EIR 1]

o-158

viv)

¥e
Q784

- I
39
D.7)t

5.40

Belh
252,

Mk
15143

W
[}
0,814

]
0.0

[¥]
0.8
6. 21

11.00
2714,

pYAL:
1140

L1 56 i1 42
Ye230 140 0,THE DL

[ULLT]

49
1.331

T
.40

- 14

- M
-
-

- i

L)
1

1.%0

14,98
300,

3 oa
&0

9
1.70¢

(L L]

53
1.00¢

248
L.90¢

o
1908

5
0.10¢

w27
To¥ie
1837

.83
324,

Mo
1M 0

&27
193¢

UL

157
2.9

524
?.71

ATk
12,53

a7
4.21

LIg
649}

100
1.8)

2219
42,00
28.09

40,45
3il.

i
12145

1289
t2.0}

reTaL

1115
0.3

1699
.4

1240
2.4

712
13.3

£in
10.1

T3
e

&7
0.7

3.4

LLPY.1)
132,

39
15018

3430
100,00



Table TI-1-5-(17) Calculation results of frequency distribution of
current direction and velocitly for Seraya Area (8/10)
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(2) As same with the previous paragraph (1), the scattering plots are given in which

1 hour running mean of current cirection and velocity of the survey period is

plotted on the direction coordinates. From this, it can be seen what velocity

values are distributing in the each directions.

The plottig is performed for each survey point and those scattering plots are

replaced on the survey map which makes the horizontal distribution map. These

figures are shown in later paragraph, I-1-7 typical pattern of survey areas.
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3)

(4)

Current condition chart based on the results of harmonic analysis of tidal current

By the harmonic analysis of the tidal current, the major dominant constituents
of the survey area can be obtained. The dominant constituent can be considered

as the typical current of the survey area,

The processes of compiling curret conditions map are (1) to draw or replace the
current ellipse on the survey point chart, and (2) to express with vectors on the
survey points chart. From the above (1) and (2}, the current patterns can be
obtained. And by the constant current map (mean current of the total survey
duration), the averaged current pattern can be obtained. These figures are also

described in later paragraph, II-1-7,

Current condition chart based on the vector time series is compiled which shows
the variation of spatial pattern of lower frequency fluctuation components of
tide.

The process for compiling the current condition map of vector time series is to
select the current pattern which is the highest in appearance frequency from the
current condition map of vectors after removing the tidal components by 25

hours running mean after cutting the component of less than 1 day.

In this study conducted in the Republic of Singapore, the current condition map

has not been compiled as the component of the tidal current is dominant.

However, as for the current condition of the survey period related to the water
temperature, salinity and water quality, the current condition map has been
compiled based on the current velocity vector of 1 hour running mean in order to
examine the detailed current pattern, The figure is described in the later

paragraph, II-4 Temperature Survey.

I~ 162



II-1-6 Analysed Results of Past Survey Data
IO-i-6-1 Current survey around Pulau Ayer Merbau

The survey has been conducted for the purpose of environmental impact assessment
prior to the construction of petrochemical complex on Pulau Ayer Merbau (the island near
to Pulau Seraya).

The survey area was the surrounding sea areas of Pulau Ayer Merbau and the survey
has been conducted in August 1979, Table II-1-6-{1) shows the scope of the survey and

Fig. 11-1-6-(1) shows the survey point chart, and Fig. II-1-6-{2) shows the survey methods,

Table II-1-6-(1) Scope of current survey at surrounding area of Pulau Ayer Merbau

Survey Items Survey point Layers Peiod Methods

(1) 15 day current 5t1-5t6 (CM1.CM5)} -3m from low tide  Aug.7 —25, 1979  CT/3 current meter
meter observa- level Observation by At 30
tion minutes

{2} 12-hour current St6 (CMB) -05mdepthx 1/2  Aug. 8, 16,23,1979 ENDECO type 110 cur-
meter observa- bottom + Tm rent meter
tion Observation by hanging

down current meter
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Table II-1-6-(1} Location table of survey points

5t1{CM1) 01°16°30"N 103°43'00"'E
512 (CM2) 01°16°'00"N 103°42'50"E
S13 (CM3) 01°16'00"N 103°42°40"E
St4 (CM4) 01°16'20"N 103°42°40"E
St5 (CM5) 01°16'00"N 103°42°00"E
§t6 (CM6) 01°16"40"N 103°42'60"E
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Fig. II-1-6-(1) Survey point chart of current survey at Pulau Ayer Merbau Area
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Fig. I-1-6-(2) Survey methods of current survey at Pulau Ayer Merbau Area
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1}

2)

3}

Time series plots of current direction and velocity
The time series plots of current direction and velecity are shown in Fig, II-1-6-(3).

At the survey points, Stl, 2 and 5, the velodty is fast and 1 day cycle period is

observed.
Time series plots of current velocity components

The time series plots of velocity component are shown in Figs. II-1-6-{4] and
I-1-6-(5).

At all the survey points, the clear oscillation with about 1 day period are seen.
The current pattern is same with the results of Seraya Area which is described in
the previous paragraph.

Vector time series

The vector time series are shown in Fig. II-1-6-{6). At all the survey points, it is
recognized that the duration of slack water is short and the current direction

turns within short time by 180°.

Fig. II-1-6~{7) shows the general current conditions of all survey points which
extracted from the vector diagram.

- 166



qrea : 5. NGAPORE, . 1979 8/ 7 - 1973 B/ 25

re ienggr
Web sT.roevera ioho
OG- 0.0
:s“g B0.0
: 0.0
260 h 'l f\ N 20.0
‘» mm | e
c-0 e
Ohfk, AL n“
- - M
0.6 - - .
210.0 - - P - P p— e e e - et vl
(eo-o i - - -~ L — P [:iﬂz
2ol o Tt - - " s:m’%lz
ﬁ:v%go 57.2 f‘fEl i ;gq:g
e .2
0.0 vo.9
:gmg i! \‘ W{bﬂ \(\ ‘V‘\ | 0.0
N ! i « 20.0
e m Wi Wit | &
LICIEN (iR r,afé’iar
. } e
94 ‘
re.a - - - - - - - R S k] r- (2250
185.¢
e PR — ad 0 e, —— ot e et ] — o 90.6
ey - ’ L34, 7 E
R, Ev.a reec s e
tez.0] 00.¢
vl 6.0
[ T34 ‘ ﬁ MJK s
(%) i
3 I e R TR T [ ,
.0 W‘Mk&kw m}g?;:
ik FGIR. S o
Ea T P R o | e
160 : o — . ) 12765
e _ w7 R . . L ku;.r:
80.3) N ;an
O ST. tVEL.G : m‘n
1960 b
».c 0o
::'g f i ‘ ! 4 i .
3 Al s WLV UTIINE
e W LA Ly WMJ\J VJH’V »‘W %N A D;Jz
VORG: b (IR0 0
6.¢
a.e ~ PP s cmoap T e -~ - A ] e e - . wa 0.2
2750 - -
: - - . 180
“:'? S e TP L oc.c
ﬁE:!'IA gk
1708, ST 5” YEL fﬂc ! i)
o 5 u Y, w fi l' ﬁl J e
v i fi -0
e ﬂ“ l‘u b 1k ! l|| P g i #ﬂ j oo
4L .0 f i
L ‘ M w h 1“ Wb "& k ‘ ‘ 0.0
200 il j G0
m A uw& \. e
A ._E.‘"“E;L e e = e = 9
- . (2T T
276.8 e o e e a2 - — = - ,m'm
il:-aj -
+ 93.0
43.0 -

g z 2 %E zﬂ ?Z L?J %t %5 %5 %T g! %3- éﬂ‘ ng[ [‘22 ‘231 th '25. .ZE
© C ®

Fig. [I-1-6~(3} Time series of current direction and velocity of Pulau Ayer Merbau

- 147



AREA : SINGAPORE

1978 8/ 7 - 1979 B/ 25

s,
W, st Ree -
it tN-CONP) Y5
c.0 b ¥ Fal A P W _a, F e
.sc-ﬁi e e B S e
-1C0.C P
T l 100.8
L THRUN .7 {N-COHP ) ene
o 160.C
€.c A_D A " 5C.C
~5E.C Y A g i e~ T S W e
-rlﬁﬂuc -::':
Icn’/st -1C0.4G
et 25HRUN .1 (N-CONP ) 1enzg)
5.0 Tt
€.0 [ 15.C
~15.C o
3 5
iCnss i
Ek, §T.2  Raw {N-CONP; renss)
5C.C gy
c.t h | Fu} a oy o, = = P S P e
P U— v— t (WAl W — s o e g [ % -
-1£0.C W V v V =560
o 1GG.C
A THRJN .M (N-COHP ‘g
!IG-C] 1C2.C
C.C M S\ Pal 2 ' o o P S Fan 1 St
Y v v VAV Shnaa o o fio
-IUU-GJ ~ v v \/ -:g':
il =160,
TSh ZEHRUN .1 [N-CONP ) 1engg!
e .0
c.C oo
-l5-° —— W— c.o
-3C.C f o
TcHzsy et
Wk 513 kee {N-COMP) o
5C.C P
0.C e e e o — o e
-sC.0 L'y ¥ i hd S MRS T ot
- v ¥ 7 v Ty -56.€
114,773 ~JC0.¢
YL IHRUN .0 [N-CONP) teney
sc.c{ ‘ "
n.c » v v oy I — SC.o
e - v - - — =y S Ao, 0.6
-162 ¢ v h v A
l:ry’ﬂ -iC0
b 25HRUN.H tH-CONP? 4
gL tEnEle
aE 15.0
-15.¢ 5.0
«3C.C s
[14,7/1] RISt
(U6, ST.4  RAR [N-CONP ) ""‘?g'n
50.C J\ ‘A ‘A A e
6.c Y, . . e
hy e - < - et .f\____,,.t\_u..h ’\_V.AWAAWJ"‘ V,A V..-\ e-¢
e -5C.0
ik -1C0.¢
:'E’:E] 1HRUN .1 (N -CONP) gty
.c AN _A A A e
-Sﬁ-ci Pl 4 ~ <7 —r O, - o J\“-’A-\.fn A"\JA"\..:J‘—VA . -, 0.0
.t;cc_c -5C.0
] %‘ﬁs!' -183.c
4] 25HRUN.H IN-
|s.n] conp rengg
b [ 15.8
-15.6] St
e -15.6
CReS) e
EE ST AR {N-CORP) "'EES?:’c
c.c AN ANE AV AW I AV P sc.c
e y WaVy o PN N A U A W A N A L
-rlﬂ:-c g
tnrss) et '
e THRON .1 (N-CONP 4 '"E’:g'c
o AN ANT AN AN AV SC.C
-56.C 7 o = \vf\uf\\.f\ L c.c
"tﬂﬂnc e
RS -10C.&
et Z5HRUN .1 IH-COnP )
15.C :rnii'.
oe ym— . — 15.C
-IS-CJ c.C
-3¢.C =-15.8
+3C.C

T A T M T A T T T e e )
® C °

Fig. I-1-6~{4) Time series component current (N-comp.) of Pulau Ayer Merbau

II- 168



sREA : SINGAPORE, ) . 1979 8/ 7 - 1979 @/ 25

[T+, Fi 1]
"NFE, sT.1 RAw 1£-COHP) 16k e
5C.0 5::
- .
iy 506
-360.G sico.c
1cnssl
TEL LHRUN .1 TE-COHP ) Nede
s6.¢ sc.0
A PP RS AL PP
1CC.C =|CC.C
tenss
et 25HRUN.1 te-cone) £1. W
15.C 15.C
€.C i SN SR e T T c.C
-315.C =15.C
-3C.C. -3C.C
1<n251
ek, si.2_ Ran (E-CONP | Hiklc
3.0 ig-g
c.c._%_f_\nvﬂa‘p%q;{ \VMUAVA— )
=5C.C -5C.C
=1C0.C -100.8
. frnsgy
"ReE. IHRUN .1 1E-CONP ) i6ble
C.C N
sc_c /\ [L I\q f\ﬂ IS a0, /\ f\ [\ [\ /\ C.0
-5C.C WV VooV RN RN AV -5G.6
-16C.C “'-nl_,?l:;n
et 2EHRUN. P 1E-CONP) 4l
15.C ———— WW 5.6
: i
-:5.C -
-3 C
-AC.D
Lo, 043) “:l"i'
1co.c, $7.3  RAR 1E-COnF) 108.6
sC.C 5C.0
o.c U N ey - 0.0
-st.¢ Y seg
=00, -0 G
rc':ruf ichss)
ek, THRUN . 1 tE-CONPI 1tk
s ses
-8C.C} T v -sC-C
=1CG.CJ 'c-r:fﬂl-c
et 25HRUN .1 1E-COnP} o
1%5.0 15.6
c.C 0.c
-15.0 =15.0
-3C.C =3C.C
nwn’§l
St s7.¢ Rek LE-LDNP) |:E.g
SC.C .
c.C ™ S o —r — — -~ WAA"/\_“,AAWAA‘V . g et B.C
-56.C A - -$6.¢
=-180.04 la:?ﬂl-c
4
Tk 1HRUN .1 1E-COMP) Tetle
SG-C} 52-2
U‘CW S ., - < | .
=5G.C -5g.0
=16C.C 'c-':fﬂ;ﬂ
gt 2SHRUN . (E-CONPI ftle
FEN ] 19.6
[ :.g
=15.C =18,
-1C.5 -1C.C
"L, s1.sa RA tE~CONP} T
s¢.C P 50.6
G.C 0.t
=5%C.C -5C.C
=1€0.C 1¢4.C
kS ma/aq.: {E-CONP) rensgi.
5C.C 5C.C
0.t J [\-\ [L {\J\VMVA“_MV/ \V[\Vf\ ] \ ]‘ ¢.c
-5t.0 -sp.t
ATV VY Ay
L 25HRUN A LE-COKP) g
15.0 P 158
c.C —_ c.o
-15.¢ =15 B
-3C.C =3C.C

~

RETNE A M U A A T T T T A S A
® C ®

Fig. II-1-6-(5) Time series of component current {E-comp.} of Pulau Ayer Merbau

I-169



neqaep 1Ay ne[nd JO SI0}094 JUDAIND [2PIF JO SITIBS WL, (9)-9-1-II *S1g

mN mN vm ® MN NN dN ON mw ww hw ww .V mw vw mw NW ~W ow N © N N

:.:.:__.._:__._r—:::Eh_:.h::. basg YT (RTITISIIT IS0

PFTITIFTTPIITINET]

[T I FITIITYIITIITIVI FRITTIINITINIIETSTIvITI FTTTATIITIAN]

_:.:.:._r—:::.::_:..: paprlivesarin 1Ly

g0 * TSNS S

0°9E, " W NNYHS2 oo N
S

0-0

0-as

0°00

(8/

0-DE

g-a1

00

0-Ss

0-0¢

O.o_u:....#

p-9as5-

0-0 d-u\.&\r‘ld!.s&.z.aln e bt h!:....?n etk a : gt el - . 00 J+M

0-05 % 0*0S N

0-4a01 . 0*001

{S/1D) WoNNEHT (8/H31 g

DuDDHl.n \ O..Duﬁl

6 08~ 1 0 0G-

00 LJ...\:%. e IR ] PO N S ..._?l - - - o-0 34+ M

0-gs 005 N

10 I . 0°001

an@zu_ MUY E*1LS (S/7U31 g

0"DE- 7 o-og-

D-mﬁl 1 ng—l

0-0 0°0 3 M

0°g1 M 651 N

y - 0 0E

cﬂmml.*u. W*NPYHS2 {S/H])

0-001-17

0-058~ 7

0*a

0-2s8 ]

g0-00}1 °

{S/h)}

0-001-

Q-ag-

0-0 .

0-4as Hf [ N

001 (e} 2" 18 g-00i1

D_mo\zu_ M [S/7HI] w

0rogE- # rgc 0g-

0*s1- F0-gt-

P L iEE-EE.IIl‘,

o 0 m— grg 3+M

0°g1 “— rG-S1 N

sy W NPEHSZ oﬁw...u\muﬁ_U
o001~ S
Fo-0g-
rorg 3T M
ro-90g N
“0-001
mm\zu.
rg-agt- m
Fo-38-
fora 3T M

g- 08 mo,om. N

y - g-001

D_mwﬁ‘_u_ MUY 1718 tS/W3)

ﬂ..w::-_,-._«::::...:3::-:3::34‘::.:...:.:.:u:::q:_:::::._:.:_:.~_:.4_:u_::::.::-..:-._.:...:.:.:u::ﬂﬂ:::::_::.::_._.:::«_-._:::.::_—:.«:::-:.:..:::._-::.:_.:

Gz /8 6L61 - L /B8 6LBI INOJHINLS : B3Iy

o-170






D
D

st

NN

‘ p
\\‘\
St12

S, X

g 2.0KH

Fig. II-1-6-(7) Current fluctuation of Pulau Ayer Merbau Area
4) Harmonic analysis of tidal current
Table II-1-6-(2) shows the results of harmonic analysis, From this table, the

most dominant tidal constituent and the next dominant constituent of all the

survey points are extracted, and shown in Table II-1-6-(3).
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Table II-1-6-(3)} List of dominant tidal current constituents at all

survey points near Pulau Ayer Merbau

The First Dominant  Component Current  The Second Dominant Comp. Current

Survey point N-<omp. E-comp. N-comp. E-comp
st 0, (10.35) M,{ 2.56) Kyl 8.13) 0;{ 2.05)
St 2 0, (14,11} 0,{ 8.36) K, (12.95) K,{ 7.57}
5t3 K;{14,15) K, (26.16) 0;(13.28) 0, (24.80)
St 4 K;(21,568) K,{33.70) 0, (18.54) 0; {29.49)
Sth K{23.87) K. (47.03) 0,(21.39) 0, (46.79)

From the above table, at all the survey points (except $t1 E-comp) K, and O,

constituents are dominant and these current are called as diurnal tidal current,

The same results are found in the current survey conducted at around Pulau

Seraya. Fig. II-1-6-(8} shows the current elliplse.

Table II-1-6-(2) Results of harmonic analysis of Tidal current of Pulau Ayer Merbau (1/3)

Position From : To Observation Layer
St—1 Lat. 1116:30::1‘1 Aug, 8 1979 00-00 - 3m
Long. 103°43'00"E Aug. 23 1979 00:00
Elements of Ellipse 3
—— N-Comp. E-Comp. Major Axis Minor Axds Mawn Dir.
A 8 v S Dir. v k b, v k v k
emfs) (°) (emis) (C)  (°) (emps) (°)  (°) (emf) () (emfs) (°)
K, 14.15 59 2616 239 298 2974 59 28 003 149 2974 52
0, 13.28 25 2480 204 298 2813 24 28 030 114 2813 24
o] 269 339 522 170 117 586 167 27 045 287 5.85 347
M, 955 200 16.62 23 119  19.16 22 29 046 112 1906 202
Sa 420 206 7.88 30 118 893 29 28 024 119 893 209
N; 1.76 262 233 83 127 292 83 37 002 173 289 263
M, 108 96 134 280 308 £.72 99 218 005 189 1.70 95
MS, 086 102 1.s8 294 298 .80 111 208 015 201 1.80 11l
X, 1.14 206 2.14 30 118 242 29 28 006 119 2.42 209
Py 4.68 59 866 239 298 9.84 59 28 001 149 9.84 59
Vo 372emp 549 emfs 6.64 cmis 126° oo

o-172



Table I1-1-6-(2) Results of harmonic analysis of Tidal current of Pulau Ayer Merbau (2/3)

Position From : To Observation Layer
St—2 Lat. 1°1600"N Aug. 71979 20:00 ~ 3m
Long. 103°42'50"E Avg. 21 1979 07:30
Elements of Ellipse
N-Comp. E-Comp. Major Axis pM.inur Axis Main Dir,
Comstitvents v v % Dn V kK D V kK V k&
(emf) (°) f(embs) (%) (") (emp) () (°) {emf) (°) (emfs) ()
K, 21.58 63 3370 239 302 4000 60 32 126 150 40.00 60
0, 18.54 28 29495 198 302 3474 21 32 255 111 3474 21
Q 492 338 877 114 118 999 170 28 .14 260 997 350
M, 912 208 1268 38 125  15.56 35 35 1.29 125 1554 215
5, 485 220 B.80 47 118 10.03 45 28 053 135 1001 225
N, 1,52 277 1.39 41 139 1.82 73 229 096 163 L76 243
M, 099 86 0.80 278 320 1.27 %1 230 013 181 1,20 93
MS, 160 133 216 320 306 268 137 216 014 227 268 137
K, 132 22 239 47 118 2,73 45 28 004 135 272 215
Py 7.14 63 11.15 239 302 1324 60 32 041 150 13.24 60
Vo 791 cmjs 14.80 cmfs 16.78 emfs 118° -l 632225 mis
Position From : To Observation Layer
-3 Lat. l:16'30"N Aug. B 1981 (0:00 _ 3m
Long 103°4240"E Aug 23 1981 00:00
Elements of Ellipse .
Constituents N-Comp. E-Comp. Major Axis Minor Axis Mata Dar.
v k \' k Iir. \'4 k Dnr. v k v k
(emf) (C) Aembs) (°)  (°) (emls) (°) (°) lemf) (°) (emfs) (")
K, 813 249 087 223 185 8.17 69 95 037 159 8.08 69
0; 1025 191 205 185 191 1045 11 101 022 101 1044 11
Q 344 247 089 301 189 3.48 69 275 070 159 3.47 70
M, 520 356 256 325 204 567 171 114 .22 261 559 173
S2 235 25 107 341 19 248 20 289 0.71 110 247 201
N, 332 20 0.5 53 13 342 22 103 050 112 342 202
M, 056 142 070 225 254 0.7% 33 344 0.55 123 0.59 339
MS, 086 240 050 219 209 0.98 55 119 0.16 145 0.95 57
K, 0.63 25 029 341 19 0.67 20 289 0.1s 110 067 201
P 269 249 029 223 185 270 69 95 012 159 267 69
Vo —0d6cmfs  —0.76 ems 0.89 cmfs 28° 0.63 cmis
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Table 1I-1-6-(2) Results of harmonic analysis of Tidal current of Pulau Ayer Merbau (3/3}

Positton From : To Observation Layer
St—4 lri:g. 10;“:;2'38'?; 2::: 2:? {g;g ggﬁ - 3m
Elements of Ellipse .
S N-Comp. E-Comp. Major Ass Ninor Axis Main Dir,
v k v k Dir. v k Dur. v k v k
femfs) (°) demfs)y (°) (") femis) (") (°) (emfs) ("} (emis) (°)
K, 1295 236 1.57 58 149 15,00 57 59 0.13 147 9.71 56
0y 14.11 201 8.36 32 149 1635 24 59 1.31 114 10.61 19
Q, 236 178 0.88 327 341 248 175 71 043 265 1.98 3
M, 632 56 3.52 218 331 7.18 52 61 0.93 142 487 240
S 272 74 130 235 335 2.9% n 65 0.38 161 2.16 258
N 1.83 110 118 266 328 214 103 58 040 193 1.38 297
Mg 355 239 143 43 158 331 §7 248 0.36 147 2.90 62
MS, 302 264 1.27 67 157 3.26 82 247 0.35 172 245 87
K. 0.74 74 035 235 335 .81 H 65 0.10 161 0.58 2358
B, 428 236 2.50 58 149 4.96 57 59 0.04 147 3.21 56
Vo 166cmis  —0.56 cmfs 175 cmfs 341° -1 ‘1339’:}’"’3
Position From : Ta Observation Layer
St—s Lat.  1°16'40"N Avg. 71979 18:00 — im
Long. 103°42'50"E Aug. 21 1979 04:30
Elements of Ellipse
S N-Comp E-Comp. Major Axis Minor Axss Main Dir.
v k v k Dur, v k Dir. v k v k
{emfs) (°) (emfs) (°) (°) fem) (°) (°) (@mis) (") (eml) (")
K, 2387 225 4703 233 243 5287 51 333 276 141 52465 52
O, 2139 191 46,79 200 245 51.37 19 335 2.85 109 51.36 18
(o} 6.10 160 1075 158 60 1237 158 330 Q.19 248 1233 338
M, 888 25 2016 0 61 2248 12 337 215 102 2246 193
S; 5.36 20 10.20 22 62 11.51 24 332 0.58 114 11.50 203
N, 1.08 351 437 34 79 445 33 169 0.72 123 4,31 210
Ma 170 299 368 229 258 3.74 54 168 1.57 144 3.65 60
MS, 1.64 284 408 263 249 4.36 86 159 0.54 176 435 87
K, 145 28 277 22 62 3.13 24 332 015 114 312 203
P, 790 225 1557 233 243 1743 51 333 0.91 141 1742 52
Vo 1309 ¢cmfs  13.66 cmfs 18.99 cms 46° 1796 cmis
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Fig. II-1-6-(8) Current ellipse of current survey at Pulau Ayer Merbau (2)
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5) Mean velocity and standard deviation

Table [I-1-6-(4) shows the statistics of current fluctuation.

Table II-1~6-(4) Statistics of current fluctuation of

current survey at Pulau Ayer Merbau

Velocity Deviation . Period

Station Average (cm/sec) Standard (cm}s) Dominant (hour)
N-comp E-comp. N-comp E-comp. N-comp. E-comp.

St1 -3.5 53 15.6 283 24.74 24.74

12.48 12.30

St 2 -8.3 15.0 19.1 296 25.09 24.74

12,13 12.30

St3 -0.2 0.7 11.1 35 25.09 24.04

12.66 1248

St4 1.7 -0.6 147 8.5 2474 2414

1230 12.30

St5 143 16.6 227 469 24.74 25.09

12.30 12.48

Fig. II-1-6-(9) shows the average velocity pattern at survey points based on

N-comp. and E-comp. of the above table.

From this diagram, it is found that the sea area of Pulau Ayer Merbau is mainly
covered by the eastward current when the current survey conducted in August
1979. This is quite opposite results compared with the results of the current

survey conducted at Pulau Seraya Area. For the reasons of this difference, it

will be described in the later paragraph, II-1-7.

o-177



JURONG
SHIFYARD

MOBIL

REFINERY

Pu Pesek

Pu. Ayer Chawan

Pu Samulun .

Pu Ayer Merbau

Fig. II-1-6~(9) Mean current of Pulau Ayer Merbau Area (August 1979)
6) Power spectrum
Fig. II-1-6-(10}) shows the results of power spectrum. The detailed dominant

frequency at all the survey points are shown in Table II-1-6~(4). From these, the

fluctuation with about 1 day period is found dominant.
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7)

8)

9

Auto correlation

Fig, II-1-6-(11) shows the results of auto correlation. From this figure, it is
recognized that the oscillation of about 1 day period is dominant on the time
domain at all survey points.

Frequency distribution of current direction and velocity

Fig. II-1-6-(12) shows the frequency distribution of the current direction and
velocity.

As for the velocity distribution, the differences among survey points are
observed, and the velocity around (~20.0 cm/sec are the most often in frequency

at 5t3 and St4.

As for the current direction, it is distributed as directed to the coastal line,

which is clear from Fig. II-1-6-(6).

Current condition chart based on the results of scattering plots and harmonic

analysis of tidal current

For these, it is described in the later paragraph, II-1-7.
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Fig, II-1-6-(12) Frequency distribution of current direction and velocity
at Pulau Ayer Merbau Area (2)

II-1-6~2 Tide and tidal current survey of the straits of Malacca and Singapore

The survey has been conducted at 5 existing tide stations located in the Straits of
Malacca and Singapore and also at 12 newly established tide stations for 14 months
simultaneously and except that, two simultaneous survey for 35 days respectively have
been conducted for investigating the characteristics of the tide and tidal current, and also

for the prediction of the tide and tidal current.

The survey area has been extended to the total areas of the Straits of Malacca and

Singapore and the survey has been conducted during March to April 1979,

Table II-1-6~(5) shows the scope of survey, Fig, II-1-6-(14} shows the survey point
chart and Fig. II-1-6-(15) shows the survey methods.
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Table I-1-6-(5} Scope of survey at the Sraits of Malacca and singapore

Survey [tems Survey Point Layer Periad Methods
Tidal current 1—86 {Fisrt Survey] Setting NC-type current
ohservation July t19-August 20, 1978 meters for ohservation (fix-
(Secand Survey] ed paint continuous
Nov. 5 — Dec. 20, 1973 measurement}
1 -28m  Augt.5, Augt. 24, Nov., Hanging down DCM-2 cur-
16, & Dec. 4 rent meters from the survey
2 -5.0m  July 22,23, & Dec, 2 boat for abservation
~10m {series layers}
3 -15m July 21, & Dec, 2
4 — July 26, 27, Nov. 14 &
Dec. 1
& {each Bm} Nov. 17 & Dec.
- 1978 1879
Tide observation 17 points From March - April 1978  Setting tidal guage at tidal

stations
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Stl
S12
5t3
5t4

St5
Sté

Table II-1-6~{6} Location table of survey points

Current Survey Point
Off One Fathom Bank
Off Raleigh Shoal
Off Tg, Segenting
Phillip Channel
Batu Berhanti
Qff Tg, Stapa
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02°
01°
01°
01°
01°

40,0"
067"
37,7"
05,8'
11,8"
17, 3"

Z z Z zZ 2 Z

101° 10,90
101° 56,8'
102* 43.0'
103° 440
103° 52,5'
104" 09.5°
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LAYOUT OF MOORING SYSTEM (A) AT STATIONS 1,2.3 AND 6

Lor Mtype rubber buoy

Ltype hght buay
(12 x 20m or 1.0 x 1.5m)
Recovery wire Stype rubber buay
{(#p=12mm, £=5m) 0 {0.5x1 Om)
Sea level
Connection wire
(Stainfess wire,
#=12mm, £=95m} NG type
currant meter
Anchor wire
{¢=12mm. {=Water depth x 2 or 3)
Sinker
Chan
T7777 7l
Sea bed
Anchor
LAYOUT OF MOORING SYSTEM (B) AT STATIONS 4 AND 5
L-or Mtype rubber buoy
{t.2 x 20m or)
10 x 1.5m
Racovery wre Stype Stype rubber buoy
(¢=12mm, £ =5m) '_ﬂ; hght buoy 05 x 10m)
Sea level 4

Connection wire
(Staindess wire,
¢=12mm, {=9.5m)

NC type current meter
Anchor wire
(¢ =12mm, f=Water depth x 2 or 3)

Fig, I-1-6~(15) Survey methods of current survey at
the Straits of Malacca and Singapore
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The data for Si4, § and 6 have been extracted from the report for harmonic analysis
of the tidal current as these 3 survey points are located most near fo the survey area

(Seraya and Tekong Area),

The results of such analysis are shown in Tables [-1-6~(7} and II-1-6~(8). Table
II-1-6~(7) is referred tc the first survey and Table I1-1-6-(8} is referred to the second
survey. The unit of velocity in these tables are based on knat (kn} and 1 kn = 51.4
cm/sec. From these tables, the dominant tidal current constituent of the respective

survey points are;

—- First survey

St 4 (Phillip Channel} KI {0.950 kn} 01 (0.713 kn}
St 5 {Batu Berhanti} KI {0.916 kn} 01 (0.839 kn}
St 6 (Off Tg Stapa) KI {0.268 knj 01 (0.205 kn)

—— Second survey

St4 KI {0.989 kn) C.‘v1 (0.751 kn}
St5 C'#1 (0.906 kn) K’l (0.861 kn)
Sté K.‘| {0.144 kn) 01 {0.128 kn}

From the above, it is observed that K

survey points.

1 and 01 constituents are dominant at these

The report is describing that the direction of tidal current in the straits of Malacca
is directed to North/West or South/East, and the direction in the west exit of the Straits
of Singapore {Phillip Channel} is South/South/West or North/North/East and at the east
exit it is directed to West/South/West or East/North/East.

The ratio between diurnal tidal current and semidiurnal tidal current in the straits
of Malacca is 0.26 to 0.33 and the tidal current is generally fluctuating by semidiurnal
cycle period. In the straits of Singapore, on the contrary, the ratic between dirunal and

semidiurnal tidal current is 1.35 to 2.19 and the diurnal current is dominant.
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When the appearing time of the maximum velocity is compared with 6 survey points,
it is found that in the straits of Malacca, 5tl is the fastest and getting slow towards the
east. The time difference between Stl and S5t3 is about 2.7 howrs under the average
condition of the spring tide. Further, at Stl the south/east flow comes fastest at around
the time of high tide. In the straits of Singapore, the appearing time of the maximum
velocity is the fastest at the eastward flow and getting slow towards the west. The time
dif ference between St5 and St4 is about 1.8 hours under the average condition of the
spring tide. Futher, at St6 the west/south/west flow comes fastest 2.2 hours before the
high tide. but in the straits of Singapore, these time difference comes very small when

the current is the diurnal tidal current.

The total of 4 major component current is 1.9 to 2.2 kn in the siraits of Malacca and
in the straits of Singapore, 2.9 kn at St4, 4.8 kn at St5, and 2.7 kn at Sté.

From the results of current survey conducted at the various layers, the velocity and
direction of each depths are found within the rane of +25% for velocity and +15% for

direction compared with the values of -10 m.

Fig II-F1-6-{16) shows the diagram showing the ratios of the maximum current
velocity at various depths to that at 10 m depth.

n-191



FIRET OBSERVATION Fiood Current

o= Ebk Curreat
St. 1 St 2 St 3 St 4
m g7 a8 4% W Il gr 48 o (g 11 4F 4B 48 10 10 ¢r 48 4% 1m 1)
g Il L ] :
I
[25 ! -~ r L] | ! -~
= ‘ IE% /£ r
t H
1 {
] ¥
| f< f/' f.r
-1 zf £¢‘ ‘#
/| i i ¥
bie / ! fAr ff
T a& ! I
£ I i /"
+25 f ¥ -
i !
LBG i )
Lag L ﬂ R
SECOND OBSERVATION
sl 5t 2 St 3 St 4 g &

m JE Q% LBG Eﬁi ar ﬂ.[ﬁ, g liﬂ LI & @2 Lo (% &E ks EﬁCD Il 12 C8 89 [§ [l EFE

F - 1 |
1 s f ] ‘-LE
- i ' g / \ }&
‘rf/ 7
- Ig p
/ \ ;
-, ; £
i d /
il B ' o) i
§ i1 t
25 ! I I
3 / Q i /
f . I
% F AN /
! | |
Li [ ! i ' | ﬁ

Fig. I-1-6-{16) Diagram showing the ratios of the maximum current velocity
at various depths to that at 10 m depth

I-192



Table II-1-6-(7] Results of harmonic analysis of tidal current survey of
the Straits of Malacca and Singapore (first survey} (1/2}

Table 44 HARMOWIC CONSTANTS OF TIDAL CURRENT SL. 4 (Phillip Channe(]
Fosition:  Lat. L'0446" N Long. 103°44°¢3" E
Time kept st the Place: =07 30
Depeh  Elim
Duratian:  July §6~ &ug, [£,[978

Elemtnts ¢ Elliper. s
HCome. EComy, [ Sibror Axlt Bax Dhe, 15
Consthiueny, ¥ « ¥ x . ¥ [ bu, ¥ ¥ ¥ x ¢ !
(ke ("F ten) (%} 1ty Gemd {1 F e (M) b (%1 ()
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Table II-1-6~(7) Results of harmonic analysis of tidal current survey of
the Straits of Malacca and Singapore (first survey) (2/2]
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Table [I-1-6-(8)} Results of harmonic analysis of tidal current survey of
the Straits of Malacca and Singapore {second survey} (1/2}
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Table II~1~6-(8} Results of harmonic analysis of tidal current survey of

the Straits of Malacca and Singapore {second survey) {2/2}
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II-1-7 Typical Current Conditions of Survey Area
1I~1-7-1 Current character of the sea areas around the straits of Singapore

By the Tide and Tidal Current Survey of the Straits of Malacca and Singapore, it has
been recognized that the tide generated in the Indian Ocean and South China Sea reaches

to the Straits of Malacca and Singapore as the tidal waves and it generates the tidal
current in the straits.

The peak of the tidal waves with semi-diurnal period from the Indian Ocean
propagates to the eastward through the straits of Malacca and the peak of the tidal
waves with semi-diurnal period from the South China Sea propagates to the westward

through the straits of Singapore, These tidal waves meet at the point near to the Raffles
Lighthouse located about 17 km south/east of Pulau Seraya.

From the above observation, the tidal current of the sea areas surrounding Singapore

are influenced by the current from the South China Sea and from the straits of Malacca.

o
N l\
INDIAN OCEAN o
o m
VES

7 TibaLwa

\ MALAYSIA

SOUTH CHINA SEA

MALACCA DN
STRAIT TIDAL WAVES
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SINGAPORE STRAIT
SUMATERA &,
A\
'RAFFLES LIGHT HOUSE

Fig. II-1-7-(1) Progress of tidal wave in the Straits of Malacca and Singapore
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Fig, II-1-7-(2) shows the monthly variation of the mean sea level of the areas, the
west side of the straits of Malacca (One Fathom Bank), the central part (Tg Parit), the
east side (Iyu Kecil), the west side of the straits of Singapore (Sultan Shoal Lighthouse},
the central part (Batu Ampar) and the east side (Horsburgh Lighthouse).
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Fig. II-1-7-(2) Monthly mean sea level
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From this figure, it can be seen that the sea level conditions are different between

the west side of the straits of Malacca and the east side of the straits of Singapore.

For example, in the areas from One Fathom Bank to Tg. Segenting, the sea level is
higher than average during May to November and the peaks are appeared in May and
October. And the sea level is lower than yearly average during December to April and the

lowest peak is appeared in February,

In the sea areas extending from Batu Ampar to Horsburgh Linghhouse, the monthly
mean sea level is lower than the yearly mean sea level during April to September, and the
lowest peak is appeared during July/August. And the sea level is higher than yearly mean
level during October to March and the peak is appeared in December.

From these, it can be confirmed that the mean sea level during December to April in
the side of the straits of Singapore is higher than the side of the straits of Malacca and

during May to September, it is reversed.

From the above, the mean current surrounding Singapore is considered to be as shown
in Fig, I-1-7-(3).

May ~ September December ~ April

Singapare Strad
Mean sea level Mean sea level

Weit stream
Imean current)

=

;L Mean sea level
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ki

East stream
{mean current)

) q

Mean sea level

Singapore sirai Matatea strant

TTTTT7777 777778

For the reference, the time variation of mean cwrrent fluctuation obtained through
the Tide and Tidal Current Survey at the Straits of Malacca and Singapore are shown in
Fig. II-1-7-(4).
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— Results of Tides & Tidal Current Survey at the Straits of Malacca & Singapore —

Fig. II-1-7-(4) Variation of daily mean tidal currents
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And from the figure, it can be confirmed that during mid-November to
mid-December illustrated in the upper part of the figure, current is the westward flow
pattern and during mid-July to end-August illustrated in the down part of the figure, the

current shows the eastward flow pattern.

Fig. II-1-7-(5) shows the fluctuation of the mean current of SC1, 2, 3 of Pulau Seraya
Area involved in this study and St5 of the current survey conducted at Pulau Ayer

Merhau Area.
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The survey at SC1, 2 and 3 has been conducted during end-Febrary to mid-March

1681 and so the current shows the westward flow pattern.

On the other hand, the survey at St5 has been conducted during August 1979 and so
the current shows the eastward flow pattern. From the above, it can be confirmed that

the current variation of the sea area of Singapore have the seasonal variation.

N
N - Comp -
velocity
scale

E
E-Comp
velocity
scale

Pasir Panjang

==

la

=
b LA
=
E

Fig. II-1-5-(16) Mean current of Seraya Area (End/Feb. to Mid/Mar. 1981)
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Fig. II-1-6-(9) Mean current of Pulau Ayer Merbau Area (Aug. 1979)
I-1-7-2 Tidal current pattern of Pulau Seraya Area
In the previous paragraph, II-1-7-1, the mean current (defined as constant current) of

the areas surrounding Singapore has been confirmed to exist the seaonal variation in the

current direction.

In this and the next paragraphs, the tidal current pattern of Pulau Seraya and Tekong

Area are described.
The results of the data analysis indicate that in this area the tidal current is
dominant. And at Seraya Area, the current conditions are fluctuating with about 1 day

period and at Tekong Area the current conditions are fluctuating with about ¥ day period.

The results of harmonic analysis of the tidal current indicate that Kl component

current of about 1 day cycle period at Seraya Area and MZ constituent are dominant.
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Based on the current condition chart of the constituent, and the results of current

pattern analysis, the tidal current pattern of Seraya Area is described in this paragraph

and in the next paragraph the tidal current pattern of Tekong Area is described.

1)

Scattering plot
Fig. II-1-7-(6) shows the horizontal distribution chart of the scattering plots.

From the figure, the oscillating current pattern is shown, which is directing in
parallel to the coastal line at all the survey points. (Refer to arrow marks in the

figure.)

The scattering plot of SC4 and SC5 shape rather round and it means the current

conditions of these 2 survey points are rather complicated than other points.

The plot indicates the direction to east/west except SC1 and 8C6. At SC1 plots
are distributing to the direction in parallel with the coastal line of Singapore

main island.

From the directon of plot distribution, the dominant current direction at all

survey points can be seen.
Fig. 1I-1-7-(7) shows the horizontal distribution chart of scattering plots of

Pulau Ayer Merbau Area. In this diagram, the plot is also distributing to the

direction in parallel to the coastal line of the islands.
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Fig. II-1-7-(7) Scattering plots of current direction and
velocity of Pulau Ayer Merbau
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2)

Horizonta!l distribution chart of current ellipse and current condition chart

Fig. II-1-7-(8) shows the horizontal distribution chart of tidal current ellipse of
K1 constituent which is dominant in Seraya Area. As the period of Ky
constituent is about 1 day, the top of the velocity vectors of every hour of 0 to
23 hours are connected for illustrating the curve.
K, Component current

il The left figure shows the velocity vectors

TS Onawr are fluctuating with the time from
3 —E North/West - East - East/South - South.

The rotating sense of the current ellipse is

/ defined as clockwise,

turming direction of the
cwreént ellipse

The maximum velocity (of K, component current} of 0 hour is directing to
North/East (North/East stream), and at 3 hour it comes to East, and again at 12
hour the maximum velocity appears but the direction is quite opposite by 180°
against 0 hour,

The actual maximum velocity of each survey point can be obtained by summing

M &sz)

up the velocity values of the 4 major component current (Kl’ Ol’ 2

resulted from the harmonic analysis of the tidal current.

The velocity values of every hour of K1 component current mentioned in the Fig.
II-1-7-(8) are obtained from the velocity scale {indicated as 0.35 m/s) and the
length of the ellipse axis of every hour.

The rotating sense of the current ellipse as mentioned in the Fig, II-1-7-(8) are
clockwise in the side of Singapore main island and counterclockwise in the side

of the Straits of Singapore.

The ellipse of all the survey points except SC5 are plotted in solid line which

indicate what direction of current are dominant.
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Fig. I-1-7-(8) Horizontal distribution of current ellipse of

dominant component current at Seraya Area
Fig, I-1-7-(9) shows horizontal distribution of the current fluctuation mentioned
in the above. These figures are usually called as Current Condition Chart or

Tidal Current Chart.

It is expressed by the horizontal distribution chart of the tidal current vector of

every one hour between 0 to 23 hour which were shown in the current ellipse.

In the figure, the number indicated on the vectors is the velocity magnitude

{unit-cm/sec).

I - 209




3:00

3.

4:00

PASIE pumiand

5:00

bmion b Ay
°

Io-2190

03:00 hour (high tide)
Maximum velocity time of

westward flow patiern.

04:00 hour

Westward flow pattern

05:00 hour

Westward flow pattern



ATy
o

7:00

L IDE Nt )
<+

8:00

-y b
-

II-211

06:00 hour

Westward flow pattern

07:00 hour

Westward flow pattern

08:00 hour

Westward flow pattern



! s ;
\/{ .00

q,f .,'_’r't‘. 7? r“.:. £a318 Finisme
Pt s - N
£ .:: - ,,..u._;' . \P‘ ’Q‘::

‘ ﬂgi

“"n
L ;:1,—\3{* '
PE &Y ﬂ" j Lx‘\
pRE . 5
- t \ Ulnﬁnuncn
Cowm ™
s\. "' ‘1n m,;: “‘-‘T’:_ . ®

Wl b 0p
3

.muau e ‘:\

Ay &w
-

10:00
o

L

11:00

FARIT FATrim

Wi by ot
e

n-212

G9:00 hour
The turn of current
commences from the west

side

16:00 hour
Changes to eastward flow

pattern

11:00 hour

Eastward flow pattern



~ 7(/%? 12:00

% ’l'r-*" ff;' M,z;r
w

2

PLE & Pangunt

16,

e b LD
©

L T lllﬂh
R " ‘wlﬁ A ,u

“-/ﬂ °

sl

,/J-é:j,?;— {ﬂ -:f;i . mu [Ty

‘4
Z wwgﬁ/\ s \

[gt)

\_’ﬂ"-:" V:W} 25
. - -
21 e - “G.‘_.;.\!_..

b Do by 0D W
<

FALIL Sanyand

- L e
-

o-213

12:00 hour

Eastward flow pattern

13:0¢ hour

Eastward flow pattern

14:00 hour
Eastward flow pattern



15:00

LI TE ]
-

16:00

il Ik Panpamy

A b 11 48
- -
—
— 10 ot
Sk TIOLY
e . iy
- -—— )
[ 3 L sas ) E}":' )

17:00

e )
L

IoI-214

15:00 hour
The maximum velocity time

of eastward flow pattern

AVA

16300 hour

Eastward flow pattern

17:00 hour
Eastward flow pattern



“en e
ey _:'.’@ -
- -~ Ryl
o e
\
=

—rie b U1 o
-

- - “.T:.’m'
-
S L
4

ety =

R SR

[SIEYRTEY
[}

. ~ e mitn
e
L. A

», .
PR TN "o b
* 10 1 s A “_—. "' :«5 Y _-:‘

"20:00

II - 215

18:00 hour

Eastward flow pattern

19:00 hour

Eastward flow pattern

20:00 hour

Eastward flow pattern



21:00

PREIA Fhdpink

vt b, o F
<

-

— LY
’A....L‘-;:-.,..{-L L -
Loy R Q

2 e~ e
% T

LR

=

22:00

FAEHN Paniung

23:00

PaiAR Phiaing

IIr-216

21:00 hour (low tide)
The

commences

turn of current

22:00 hour

Westward flow pattern

23:00 hour

Westward flow pattern



24:00

PREIN Finiant

LLT1]

1:00

N

Filid Faniam

L e 4]
-

R it s
L

= e
W

2:00

FAHIN FLA e

Io-217

24:00 hour

Westward flow pattern

01:00 hour

Westward flow pattern

02:00 hour

Westward flow pattern



Fig. II-1-7-(10) shows the horizontal distribution chart of the tidal ellipse of the
dominant constituent (K1 component current) at Pulau Ayer Merbau Area.

This figure has been compiled for observation of current conditons of the islands

surrounding Pulau Seraya.

The rotating sense of the current ellipse is counterclockwise at St3 and 4 and

clockwise at Stl, 2 and 5.

Fig. II-1-7-(11) shows the current condition chart of 0 to 23 hour. Same as the
current condition chart of Seraya Area, the westward flow pattern and the

eastward flow pattern are observed between 0 to 23 hour,

[T S5,

g

St
LT

o 2.08n

Fig. II-1-7-(10) Horizontal distribution chart of tidal ellipse of

dominant constituent at Pulau Ayer Merbau
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I1-1-7-3 Tidal current pattern of Pulau Tekong Area

1)

Scattering plot

Fig, II-1-7-(12) shows th scattering plot of the current direction and velocity.
From the figure, the plots of TCl to TC3 are distributing to the direction
parallel to the coastal line, and TC4 located at offshore is distributing towards
Pulau Ubin.

Horizontal distribution of tidal current ellipse and current condition chart

Fig. II-1-7-{13} shows the horizontal distribution chart of current ellipse of Mz

component which is most dominant at Tekong Area.

The rotating sense of the ellipse is clockwise at TC1l and TCZ, and is
counterclockwise at TC3 and TCA.

MZ component current is semi-diurnal current and the current conditions

expresed by ellipse is the curent conditions of 12 hours which include ¢ to i1 hour,
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CHAPTER Z TIDE OBSERVATION

II-2-1 OQOutline

II-2-1-1 Objective of tide observation

The tide observation has been conducted for getting the information on sea level of

the survey area.

The data obtained by tide observation are the basic data for setting the open
boundary condition within the scope of simulation. Particularly for the simulation of
coastal waters where the tides are dominant, the data of tide observation are

indispensable for determination of the simulation model.

In this study, the tide observation data are important as the coastal waters near

Singapore are dominated by the tides.

The tide is, as previously described, the regular fluctuation phenomena of the sea

level which are generated mainly by the sun and moon.

From the general view of the tides at arbitrary points on the earth, the time of high
tide propagates from the point to point -and the tidal range is also observed variating from
the point to point. It means the tide is a kind of wave. The wave movements propagate
in the sea, and it is called as high water when the peak of the waves reach to the point

and it is called as low water when the bottom of the waves reach to the point.

The tidal range is the differene between the peak and bottom of the waves in the

same point. And the time required between the peak and the next peak to the waves is

equal to the period of the tide.
The waves of the tides are called as the tidal waves. They are propagating to various

directions as the tidal waves. The behaviours of such propagation of the tidal waves are

complicated by the coastal topography, ocean depths and other hydrographic conditions.
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II-2-1-2 On tide observation

The tide observation is to measure the fluctuation of the sea level continuously for

long term which is changing from time to time compared with the reference level.

The tide observation is conducted by setting the tide gauge at the observation

points. The tide gauge employed at present is shown in Table II-2-1.

Table II-2-1 Types of tide gauge

Name Capacity
(1) TFloat type tide gauge Automatically record float fluctuation chart
(2} Pressure type tide gauge Measure fluctuation of pressure by pressure

sensor and record on chart automatically

For the canvenience of navigation, construction of harbours and other public works,
the prediction of tide is usually conducted. The prediction of tide is compiled as Tide
Table and published by the marine authorities, In Singapore, it is published by
Hydrographic Department, Port of Singapore Authority (PSA). In order to obtain the

necessary data for the prediction, the tide stations are established.

The tide station is usually conducting observation by the tide gauge installed in the
tidal well located near to the coastal line, as shown in Fig. II-2-1. Outside of the tide
station, the tide pole is installed for checking the sea level. Further, the tide station is in

some cases stationed at offshore, (Refer to Fig, II-2-1)
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The tide observation in the environmental assessment is not conducted if the official
tide stations are available in the survey areas. And the data provided by such tide

stations are collected for analysis.

When the official tide stations are not available, the tide gauges are temporarily set
for the observation of the survey period. Particulary for the data of the points distant
from the coast, the pressure type and watertight type tide gauge are set on the sea bed

for obtaining the data.
For the tide observation, the mean sea level is the reference level. The mean sea
level is the surface level on the assumption that there are no tide fluctuation. The mean

sea level fluctuates by various reasaons.

Based on the data obtained by the tide observation, the relationship of the reference

level is compiled. Fig. II-2-2 shows the relationship between various levels in Singapore.
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Fig.II-2-2 Relationship between various levels in Singapore
II-2-1-3 Tide observation in this study
In this study, the observation data of the official tide stations existing in the survey
areas have been collected. The tide table published by PSA has also been obtained prior

to the field survey and it provided the good reference for determination of various factors

related to the current survey, temperature/salinity survey, and water quality survey.
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II-2-1-4 On tides

In the previous chapter, the tides have been referred to and described but in this
paragraph, the outline of the tides is further described. The cycle of the tidal fluctuation

is usually about twice a day but in some points, it is once a day.

The tides which are oscillating regularly are the astronomical tides generated by the
gravitation of the astronomic body and the meteorological tide is fluctuating unregularly

which is generated by the changes of atmospheric pressure and wind directions.

The conditions of the sea surface coming highest by the tides are called as high
water and the lowest conditions are called as low water. During the period from the low
water to high water, the sea level is ascending gradually and such condition is called as
flood. On the contrary, during the period from high water to low water, the sea level is

descending gradually and such condition is called as Ebb,

Before and after the high water and low water, the fluctuation of sea level is very

slow and looks like stopping, This condition is called as slack of tide.

At the point where 2 high water (or low water) are generated within a day, the time
difference between 2 high water is about 12 hours and 25 minutes, and it is called as

semi~diurnal tide.

At the point where only 1 high water (or low water) is generated within a day, the
time difference between the next high water is about 24 hours and 50 minutes, and it is
called as dirunal tide.

Therefore the time of high water or low water is slipping everyday by about 50

minutes. This fact can be found from the tide table.
The difference of height between high water and low water is called as Tidal Range.

And the Mean Range is the averaged values of such tidal range of long term. Fig. I-2-3

shows the combination of semi-diurnal tide and diurnal tide.
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Fig, I-2-3 Combination of semidiurnal tide and diurnal tide

The major parts of the tides are the astronimical tide, which are generated by the
moon and sun. As the influence of the moon is more than 2 times of the sun, the tides are

almost influenced by the moon except the certain special points.

The movement of the moon is expressed by the age of moon, such as new moon, full

moon, first quarter and last quarter.

The tides when the moon is on the equator are called as equatorial tide, and the

tides when the moon is far away from the equator is called as tropic tide.

The tidal range comes maximum 1 or 2 days after new moon and full moon, and

comes minimum 1 or 2 days after first quarter and last quarter.

The tidal range when the tidal range comes maximum is called as spring range, and
when the tidal range comes minimum, it is called as neap range. These are shown in
Figc H—2-4.

The time between new moon or full moon to the spring tide is called as age of tide

which is expressed by the number of days. In the coastal areas of Japna, it is usually 1 to
2 days.
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Fig. II-2-¢ Spring tide and neap tide

The continuously generated 2 high water or low water are not always same in level
and also the time between two high water or 2 low water is different in some cases
although it is usually 12 hours and 25 minutes. These phenomena are called as diurnal

inequality, and such example is found in combined tide shown in Fig. II-2-3.

Fig. 1I-2-5 shows the model example of the tides of the arbitrary latitudes of the
earth. From this, the diurnal inequality can be observed.

Fig. II-2-5 Model example of tides of arbitrary latitude of earth

The higher tide among continuously generated 2 high water is called as Higher High
Water and lower tide is called as Lower High Tide. The lower tide among continuously

generated 2 low water is called as Lower Low Water and higher tide is called as Higher

Low Water. (Refer to Fig. II-2-6.)
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When the diurnal inequality is dominant, lower high water and higher low water are
almost disappeared and only once-a~day high water and low water are appeared. (Diurnal
tide)

H.H.W.

L.L.W.

Fig. II-2-6 Diurnal inequality

As the time is different between the meridian transit of the astronimical body and
the high water, the time interval between the meridian transit of the moon to the high
water is called as high water interval and the time interval to the low water is called as

low water interval.

The long term average of the high water and low water intervals are called as mean
high water interval and mean low water interval. The average of high water interval at
the time of new moon and full moon is called as High Water Full and Change, and these

have the fixed values for respective harbours.

As previously described, the tidal range, high water interval and low water interval
are sometimes variating and due to the @iurnal inequality, there are some complicated
variation during the time between high water and low water which are generated twice a
day. This is due to the fact that the orbits of the moon and sun are not coincided and
these orbits are not coincided with the equator of the earth, and also due to the fact that
the movement velocity of the moon and sun is different from each other and the each

distance to the earth and the relative position are always changing.

The tides are generated by these 2 astronomical bodies which are moving inequally
but instead of analysing in this way, the tides can be considered as generated by the
numberless virtual artificial stars which are moving with the fixed distance from the

earth and with the respective proper velocity.
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The individual tide generated is called as component tide. From the measured values
of the tide of the observation points, the component tide can be obtained by calculation,
and a half of tidal range of the component tides are called as Amplitude. The time
between the culmination of virtual artificial stars and the component tide reaches to

high water is expressed by angle and is called as Phase Lag,

The amplitude of the constituents and phase lag are called as Harmonic Constant.
The process to obtain the harmonic constant from the measured data is called as

Harmonic Analysis of Tide. (Refer to Fig, II-2-7)

<M, component tide> _‘__Ph::{s;llag

/\ Em\(scmi-rn{ge)

Culmination of a High water
virtual artificial star

Fig. II-2-7 Amplitude and phase lag of constituent

Table II-2-2 shows the list of tidal constituent.

Table II-2-2 4 major tidal constituents

Symbo] of Harmonic Constant

) Speed Mean Solar
Symbols Component Tides <360° = Period> Time .
Semi-range Phase Lag
M, Lunar Semidiurnal Tide 28°.9840 12.h42 Hm km
S, Solar Semidiurnal Tide 30.°0000 1200 Hs Ks
0, Lunar Diurnal Tide 13°9430 25.Mgo Ho Ko
K, Luni-solar Diurnal Tide 15.°0410 23.h93 H’ K’

From the above table, the spring range is expressed by 2 x (Hm + Hs) and the neap

range is 2 x (Hm - Hs).
From Fig II-2-3 and Fig. II-2-5, it is obvious that the tides are different at all the

points of the earth. The types of tides are usually classified into 3 category. Table II-2-3
shows the types of the tides.
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(1) Semi-diurnal type

(2) Diurnal type

(3} Combined type

For the judgement of
on the results of harmonic

areas.

Table II-2-3 Types of tides

about ¥ day High & low water appear twice a day
respectively.
Generated by M; and 5, constituents.

about 1 day High & low water appear once a day
respectively.
Generated by Kj and O constituents.

about % day &
about 1 day

the type of the tide of the survey areas, it is evaluated based
analysis of the tide of the tidal stations located in the survey

In France, these 3 types are classified by the following references.

F= (Kl + 01) / (Mz + Sz) 0.25 Semi-diurnal type
0.25 (K1 + 01) / (MZ + Sz) 1,25 Combined type

(Kl + 01) / (M2 +

Sz) 1.25 Diurnal type

In the United States, they are classified by

f=(K1+01)/M2

0.5 {K.1 + 01) /
(Kl + 01) / Mz

0.5  Semi-diurnal type
Mz 2.0 Combined type
2.0  Diurnal type

MZ’ SZ’ Kl’ O1 are amplitude of the constituents and these values are obtained by

harmonic analysis of the tide (values of Hm, Hs, Ho, Hl).
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II-2-2 Collection of Data for Tides

Table II-2-4 shows the list of collected data for tides.

Table II-2-4 List of collected data for tides

Name of obser-

vation points Data period Kinds of data Provided by & reference

(1) Salve One Jan. - June  Observation data PSA observation data
Jurong Wharf 1981

(2) Victoria Dock Jan. - Dec. Prediction data PSA
Jurong Wharf 19381 Singapore Tides Table
and Port Facilities

(3} 17 observation Mar. 1978 -  Observation & Report on Joint Production
points within Apr. 1979 analysed data of Common Datum Charts of
the straits of the Straits of Malacca &
Malacca and Singapore
Singapore

Fig. II-2-8 shows the location chart of Slave One, Jurong Wharf and Victoria Dock.

MALAYSIA

PULAU
| TEKONG

TEKONG AREA
]

Slave One

PULAU

% Victona Dock

I
|
|
|
I Ly
|
|
]

SERAYA AREA.

¢ 2 4 & Bkm
[ ST SO S |

Fig. II-2-8 Location chart of Slave One, Jurong Wharf, Victoria Dock
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II-2-3 Data Analysis and the Results of Analysis

II-2-3-1

Data analysis

Among the data mentioned in the Table II-2-4, (1) and {2) have been taken up for

analytical calculation and the items of analysis and input into large capacity computer is

limited to the data corresponding to the duration of the survey of this study.

For the process of tape punching, refer to the previcus chapter.

11-2-3-2

1)

Table II-2-5 Items of data analysis of tide observation

Items of analysis Contents
(1) Tidal curves Plotting the tidal fluctuation
(2) Harmonic analysis of tides Obtaining the harmonic constant

The results of analysis
The tidal fluctuation of the survey period of this study

Fig, I-2-9 shows the tidal curves obtained in this study. The figure shows the
tidal fluctuation plotting of the duration between February 23rd to March 17th
which extracted from the data (1) of Table II-2-4. From the figure, the

followings are observed.

(1) High and low water are observed twice a day.

(2) The phenomenon of diurnal inequality is observed.

{3) The spring tide is observed after March 6th {new moon)

(4) The neap tide is observed after February 27th (last quarter) and after March
13th (first quarter).

(5} The tidal range is more than about 2.5 m at the top of the spring tide.
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Fig. II-2-6 shows the results of harmonic analysis. The right hand part of the

figure is the results of analysis based on the prediction data and the left hand

side is the results from the measured data.

Also in the figure, K, to P1 are the symbols of tidal constituent {refer to Table

II-1-9 and Table 1I-2-2} and H represents amplitude of the constituent and K is

phase lag.
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Table II-2-6 Results of Harmonic analysis of tidal current

Measured Tide

Predicted Tide

Position (Jurong Wharf)
Lat.  1°1824"N
Long. 103%°43'12" E

Position {Jurong Wharf)

Lat. 1°18724" N
Long. 103°43°12“E

From : To

Feb. 25,1981, 00:00
Mar. 12,1981, 00:00

From : To

Mar. 1, 1981 00:00
Mar. 31, 1981 23:00

Constituents V (em) k(% Constituents V (cm) k(™)
K, 26.2 123 K, 29.0 130
0, 26.6 82 0, 26.3 84
Q 3.7 12 Q, 38 65
M, 81.1 303 M, 82.5 307
S, 36.1 356 s, 388 357
N, 12.1 313 N, 129 299
M, 50 216 Mg 3.7 210
MS, 5.3 271 MS, 43 260
K, 9.8 356 K, 10.5 357
P, 8.6 123 P, 9.6 130
ky +0, k +0,
——_Mz +s, 045 ‘——'—-Mz +s, 0.46
Measured Tide Predicted Tide

Position (Slave One)

Lat. 1°2006" N
Long. 104°01"12" E

Position (Victoria Dock)

Lat.  01°16°00" N
Long. 103°50"36“ E

From : To

Feb. 28, 1981 00:00
Mar. 15, 1981 00:00

From : To

Mar. 1, 1981 00:00
Mar. 31, 1981 23:00

Constituents V (em) k(%)
K, 29.9 76
0, 270 41
Q, 6.6 26
M, 689 293
S; 250 338
N, 182 276
My 3.3 278
MS, 34 336
K. 6.8 338
P, 9.9 76

k, +0,
M; + 8, 06l

Constituents V {cm) k(%)
K, 28.9 59
0, 2.6 57
Q, 5.1 36
M, 773 302
S, 349 351
N, 1.8 287
M, 1.2 231
MS, 1.8 285
K, 9.5 351
P, 9.5 99

ky +0,
m 0.52
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Table II-2-7 has been extracted from Table II-2-6 H(amplitude) column the
largest and secondary constituent and also the values of K1 + O1 / MZ + 52'

The constituents enumerated in Table II-2-7 are the dominant component
current of the survey areas. And from the values of Kl + O1 / M2 + 52’ the type

of the tides are given,

Table II-2~-7 Dominant constituent of survey areas

Point of measurement District First prevailing ~ Second prevailing ﬁ';cs); Tidal character
<Measured data>
Slave One Tekong district My (H=689cm) K, (H=29%cm) 061  (Mixed type)
Jurong Wharf Seraya district My (H=81.Icm) 8, (H=361cm) 045 (Mixed type)
<Predicted data>
Victoria Dock Seraya district M; H=773cm) S, (H=349em) 0.52  (Mixed type)
Jurong Wharf Tekong distriet M, H=825cm) S, (H=388cm) 046 (Mixed type)

2)

From Table I-2-7, it is known that M2 constifuent (Lunar-Semidiurnal Tide,
cycle period 12.42 hours} is most dominant in the areas of Seraya and Tekong.

Also the type of the tides is classified into the combined type.
Tidal character of the survey areas
Based on the results of the survey described in the previous paragraph 1) and the

collected data from the Joint Survey Report on the Tides and Tidal Current of

the Straits of Malacca and Singapore, the tidal character of the survey areas are
described as follows:
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From the survey results described in the previous paragraph 1), the tides of the
survey areas are found that M, constituent is dominant and the type of the tides
is the combined type. In the joint survey conducted in the Straits of Malacca
and Singapore the tidal survey has been conducted for one year on the total
areas of the Straits of Malacca and Singapore. According to that report, it is
describing as "the tides generated in the Indian Sea and South China Sea reach to
the Straits of Malacca and Singapore as the tidal wave and generates the tides in
the straits. The peak of the tidal wave of the semi~diurnal period generated in
the Indian Sea propagates to eastward passing (A) One Fathom Bank 5.1 hours

after the moon transited the standard meridian (1 12%30’ East).

On the other hand, the peak of the tidal wave of semi-diurnal cycle generated in
the South China Sea propagates to westward passing (J} Horsburg Lighthouse
10.3 hours after the moon transited on the standard meridian and after 11.5
hours these two tidal waves joint at around (F) Raffles Lighthouse which is
located about 17 km East/South of Pulau Seraya. (Refer to Fig. II-2-10)"

Fig. I~2-10 is the Co-Tidal Chart which shows the progress of the tides and it is
also the distribution chart of the time elapse necessary for M, constituent
(semi-diurnal} comes to high water after the moon transitted meridian (112030'

East).
From the above, the followings are confirmed.

{1} In the areas of the Straits of Singapore, the tidal wave generated in the
Indian Sea and the tidal wave generated in the South China Sea joint at the
point about 17 km East/South of Pulau Seraya.

The report of the joint survey also mentioned as "The character of the tides is
different between the west part of the Straits of Malacca and the east part of
the Straits of Singapore.

In the area around Fathom Bank diurnal inequality is small but it is getting
larger to the east waterway. Between (B) Port Dickson and (D} Iyu Kecil, the
inequality of the tide.level is large at the high water, and the inequality of tide
level is larger at the low water. In the areas between (E) Sultan Shoal Light
House to (G) Kepala Jer Jernih, the almost same inequality is seen at both high
water and low water, and lower low water is generated after higher high water.
In the areas between {H) Batu Ampar and Horsburgh Light House, the inequality

of tide level is large at the low water,
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Among the areas mentioned in the above, areas between Sultan Shoal Light
House to Kepala Jer Jernih are including Seraya Area of this study. Fig. Ii~2-11
shows the tidal curves of the 4 seasons (vernal equinox, summer solstice,
autumnal equinox and winter solstice) of Sultan Shoal which is loecated near
Seraya Area.

In the figure, Syzygy represents the tides at new moon and full moon which is
equal to the spring tide. Quadrature represents the tides at first quarter and

last quarter which is equal to the neap tide.

In this study, the observation has been conducted during end/February to
mid/March and so it corresponds to the tidal curves for "around the winter

solstice" in the figure.

In the same way, Tekong Areas are located in the sea areas between Batu Ampar
and Horsburgh Light House. The tidal curves for the four seasons of Angler

Bank has been extracted from the report and shown in the lower part of the

figure.

{2) In Seraya Area, the almost same inequality is seen at both high water and

low water, and the lower low water is generated after higher high water.
(3) The inequality of the tide level at Tekong Area is large at low water.

The report of the Joint Survey further mentions as "The spring tide range at One
Fathom Bank is about 3.7 m, about 1.8 m at around Malacca, 2.8 m at around
Iyu Kecil, 1.5 m at Horsburgh Light House, and such ranges show variation

among the point locations in the straits.

The neap tide range in the areas between One Fathom Bank to Malacca is about
0.5 times of the spring tide range, about 0.4 times in the sea areas between Tg.

Parit to (I} Angler Bank and is about 0.5 times at around Horsburgh Light House.
In the areas between One Fathom Bank and Horsburgh Light House, the spring
tide is generated about 2 days after the new moon and full moon, and the neap

tide is generated about 2 days after the first quarter and last quarter.

The mean high water interval is 4 hours 18 minutes at One Fathom Bank and

getting longer towards east, and 10 hours 51 minutes at Kepala Jernih."
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Fig. II-2-12 is the co-range chart which shows the distribution of the points

which is equal in the tide range at the time of high water.

From the figure, the distribution of tide range at the time of the spring tide is

observed and the followings are confirmed.

(5) The spring range is large in the west side of the Straits of Singapore which
means Seraya Area is larger than Tekong Area in the tide range. Its range
is about 40 cm.

(6) The neap range is about 0.4 times of the spring range.

{(7) The age of tide in both Seraya Area and Tekong Area is about 2 days.

(8) The mean high water interval is within the range of 10 hours 51 minutes and
9 hours 47 minutes in both Seraya Area and Tekong Area, and Seraya Area is

longer than Tekong Area.

Table II-2-8 shows the characteristics of tides in this study which was extracted

from the report of Joint Survey.

Table II-2-8 Characteritics of tides

MW H'¢H, M My Phase Diumal Spring  Neap Iu';ﬂtglﬂ (x+8o}f2 _ Km
Um#lh  Hm W’ Age  Age  Range  Range {0%00)2 {0%00)/2 om
Eom d d tm om h h
One Fathom Bank 418 012 050 027 13 -54 I 126 54 1.1
Tg Senebul 4 55 012 0.50 086 1.8 ] 352 119 36 0.7
Tg Kabong 5 4 014 os0 159 .7 -4.2 304 101 58 08
Port Dickton 539 018 0.50 .66 1.7 ~24 249 81 74 1.8
Tg, Medang 5 54 021 050 362 () -1.3 24 15 84 25
Malacca (Tg Kling) 6 55 035 048 248 1.6 0.1 179 62 9.5 26
Tg. Pant 8-39 040 045 153 1.7 06 209 79 36 0.9
Tg Segenting 9 8 03 045 137 1.7 08 231 38 95 04
Pu Puisang 9 57 037 045 L1t 18 1.1 7 102 92 07
Iyu Kecil (Pasir Panjang) 10 25 038 046 098 19 1.3 75 102 9.0 -14
Sultan Shoal Lighthause 10 38 040 045 092 19 1.7 252 96 83 -2.3
Raflles Lighthouse 10 44 044 044 093 1.9 1.8 240 92 13 =33
Kepala Jernih 10 51 049 046 086 20 19 237 -1 81 =28
Batu Ampar 10 29 0.55 040 102 2.0 17 213 91 52 =53
Angler Bank 10 16 D.55 039 104 20 L7 209 at 4.5 =57
Tg Ayam 10 4 D063 035 105 2.1 L7 T B3 37 -64
Hotsburgh Lighthouse 9 47 DT2 034 104 21 15 151 75 28 =70
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TIDAL CURVES FOR THE FOUR SEASONS
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