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Chapter 2.  Oceanographic Data

2.1

2.1.1

0y

Observation on the East, South and West Coasts

‘QOceanographic survey has been carried out by using the instruments equipped with

pressure type wave gage and electromagnetic current meter for the east, south and
west coasts of Male' Island (Figure 2.1), respectively. The wave gage can measure
wave heights and wave periods, and the current meter can measure a current speed
and a current direction. A wave direction can be calculated using the velocity of water
particles induced by waves.

Outline of Observations
Observation Periods

The observation was conducted during the period from September 22nd to October
2nd on the east coast, from October 2nd to October 10th on the south coast and from
October 10th to October 19th on the west coast, respeciively. In addition, the
instrument was installed at station No. 0 which was located offshore in the southern
part of the east coast (refer to Figure 2.1) in order to obtain the long term records for

one year.
Table 2.1 Measuring Periods of Wave and Current
STATION September 1991 October 1891
EAST (No. 1,2,3) | | 22nd 2nd
SOUTH (No. 1,2,3) | : 2nd 10th
.WEST (Nd. 1,2,3) | ' 10th == 1 th
EAsf {No. 0) 24th




(2)

(3)

(4)

Installation of Instrument

The installation methods and the dimensions of wave gage and current meter are
displayed in Figure 2.2, Though the instruments of different helght were used, the
function and accuracy of both 1nstruments were absolutely the same as the other.

The schematic image is given in Figurc 2.3. The instrument at Station East No; 0 for
long term measuring was set on a concrete base (1.5mx 1.5mx 0.4 m). The
other instrument for short term measuring was fixed by cubic concrete blocks placed

on a metal frame.
Observation Interval

The records of wave and current were measured continuously for 20 minute periods
at intervals of two hours at even-numbered time of day. Each value of waves (the
height of water surface position) and current components were taken instantaneously

at intervals of 0.5 seconds.
Calculation Method
a) Wave Direction

Wave direction (0) is estimated by using the following equation:

6 = tant (— Yy (1)
=T pl . '

Where, u and v denote the x and y componenis of current velocity and
Tpis the water pressure variation due to the surface fluctuation of water.

b) Wave Height and Wave Period

Wave heights and periods of maximum, 110, significant and mean waves
are determined by the zero-up crossing method applied to the wave
configuration induced from the water pressure variation taken at intervals of
0.5 second. The conversion from a water pressure (o a wave hclght () is
determmcd by the following equation (2); '

1 21h -
H = nzak xcosh 5=+cosh ( —7—) --ommemmee fmmmmees (2)
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Where,

2
L . wave length ( = & tanh 2%11
2n

—

wave period,

unit weight of sea walter,

acceleration due to gravity,
vertical special coordinate,
water depth of wave gage.

Current Velocity

correcting parameter (=1.3),

sensitive constant of wave gage,

amplitude of water pressure variation,

Current velocity is determined by the vector calculation method using

the x and y component values obtained by the electromagnetic current

meter.

Specification of Instrument

1} Control and CPU Unit _
« Observation period
 Observation mode

-+ Sampling interval
« Accuracy of clock
» Synchronizing method

30 days 10 min./2 hours
10 min. & 20 min./1 hour
10 min. & 20 min./2 hour
10 min. & 20 min./4 hour
continuous

0.5 second (fixed)

+30 seconds/month
Synchronized by sampling pulse

2) Detector Unit and Electromagnetic Sensor

« Measuring range
'« Measuring accuracy
+ Resolution

3) Magnet Compass
. .Dctecting method

+ Accuracy of magnet
» Resolution
» Supporting method

0-25m (x,y)
1 % ES
2 cm

Magnet compass (clockwise as
zero of north)

5°

+14°

Gimbal device with fueled oil



2.1.2

(1

4) Pressure Detector

e Measuring range 2 ~ 30 meter
« Measuring accuracy 1% FS
5) Memory Cassetie
» Data memory method IC memory cassette
= Memory capacity 4 mega-byte
+ Data processing _ Coresponding to NEC personal

computer PC 9800 series.

6) Battery and Power Unit
» Battery Lythium barery, 6V-30Ah
Mountable 2 pc battery

7)  Water-Proof Case

« Durable pressure 6 km/fcm?
» Material SUS - 316
» Weight « Approx. 25kg

Characteristics of Wave and Currént

Based on the results derived from the observed data, some characteristics of wave
and current at each site (refer to Figure 2.1) will be described in this section. Wind
daia observed simultaneously in Hulule Island are added to time-series records which

are shown as sequence of wave, wind and current.
South-East Offshore Point (EAST No. 0 ; Depth D.L. -20 m)

Figure (2.4 10 2.7) represent the time-series records of wave, wind and corrent, and
the distribution of wave height, wave period and current, respectively. A maximum
wave height of 2.0 meters was observed on September 30th, 1992. Almost all data,
however, show the wave height of (.5 meter to 1 meter and the wave period of 10
seconds during the above observation period. Most of the waves are incident from
the south east (SE). According to the above facts, swells propagating from the Indian
Ocean come to Male' Istand from the south east with the long period of 10 seconds.

On the other hand, ihcugh maximum current speed of 96.7 cm/sec is recognized on
January 12th, 1992, the observed current is relatively weak as a whole. The direction
of current is classified roughly into a west stream flowing in the west direction and an

east stream flowing in the east direction.
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The west stream occurs at the time of ebb stage (falling tide) and the east stream at the
time of flood stage (rising tide). Comparing both streams, the velocity of the west
stream tends to be stronger than that of the cast stream.

East Coast (EAST No. 1 ~ No. 3)

Figures 2.8 to 2.12 represent the distribution of waves and currents based on the
observed records on the reef flat on the east coast. The lack of data in Figure 2.8 (1)
and 2.8 (2) is due to the exposure of the sensor to the air at the time of low water
level. Wave heights on the reef flat are considerably low compared with those of
offshore waves due to the wave breaking nearby the reef edge.

Waves observed in this zone are lower than 40 cm in height, and tend to become
high in accordance with the rise of sea level. Wave periods also become shorter than
offshore ones at East No. 0 due to the wave fission phenomenon nearby the reef
édge. It is seen that longer periods on the reef flat than offshore ones are plotted in
the figures. But this is owing to the influence of the zero-up crossing method applied

~to very low waves. On the other hand, the predominant wave direction changes
counter-clockwise gradually from the south east (SE) at No. 1 to the north (N} at No.

3. The change of wave direction is due to the wave refraction caused by the change

of bottom topography in the nearshore region.

In regard to current, the water flows uniformly in the north direction without the
relationship of tide stage at all observation points. The water on the reef flat on the-
east coast is supposed to flow out of the reef flat into the offshore region through a

reef gap at the north side. The current has a tendency to become fast in accordance

with the rise of sea level as well as the wave height. The current on the reef flat is
estimated to be caused by the water mass brought by an offshore wave action. It is
concluded that a predominant current on the reef flat on the east coast is a wave

induced current, that is, "nearshore current” in the coastal engineering term.,
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South Coast (South No. 1 ~ No. 3)

Figures 2.13 (1) to 2.17 represent the distributi‘on of wave and current based on the
observed records on the south coast. The waves‘indicat’e low heights because the
observation points are located inside the detached breakwaters. The station of No. 2
located at the open area of the two breakwaters and the wave heights are 30cmto
40 cm bigger than those of the other two stations (No. 1 and No. 3) which are
sheltered by the breakwater. But the wave height at the station of No. 2 is almost 1/3
of offshore ones (Bast No. 0). The predominant incident wave comes from the west
(W) at the station of No. 1, from the southern south east (SSE) at the station of
No. 2, and from the east (E) at the station of No. 3. The waves at No. 1 indicate
the diffracted ones incoming from the west opening corner of the breakwater because
the waves incoming from the east are very little due to the shallowness at the east
corner of the breakwater. On the other hand, the waves at the station of No. 3
behind the breakwater come predominantly from the east (E) because offshore waves

propagate from the cast direction as seen at the station of No. 2 and No. 0.

The currents observed inside the breakwater indicate relatively weak currents, but the
predominant currents flow in the west direction along the dredged channel behind the

detached breakwatier.

West Coast (West No. 1 ~ No. 3)

Figures 2.18(1) to 2.22 represent the distribution of wave and current based on the
observed records on the west coast. The station of No. 1 and No. 2 located near the
existing seawall and the station of No. 3 located at the position of 16 meters depth
and about 500 meters far from Male' Istand. Due to the calm sea condition during the
observation period, the observed wave heights are 20 cm to 30 cm. Judging from
the long wave period of about 10 seconds and the incident direction from the south at
the station of No. 3; the wave is thought to be a refracted and diffracted swell
propagating from the Indian Ocean.

The offshore current on the west coast flows predominantly in the south west (SW).
The currents occurred hear the scawall, however, are classified roughly into two
predominant components; one is the southern south west (SSW) component and the
other is the north (N) or the northern 'north east (N'NE) component. The maximum
velocity observed during this period is 28.6 cm/séc at No. 1, 24.5 cm/sec at No. 2
and 39.9 cm/sec at No.3. Judging from the vector of current and the fluctuation of
sea level, the significant current on the west coast is thought to be not a nearshore

current but a tidal current.
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TABLE
(Observation Period : September 1991 ~ October 1991)
Frequency of Wave Height and Wave Period
Frequency of Wave Height and Wave Direction
Frequency of Wave Period and Wave Direction

Frequency of Current Velocity and Current Direction
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_ 2 3
40~ 53 - 1.9 - - - - .- - - - . - 1.9
0~ 79 - -1 - - - - - - - - - -
80~ 99 - - - - - - E— - - - - -
to0~1i9 - - - - - - o A - - - .
120~139 - - - - - - - - - - - -
Ho~139] . - - - - - - - - - - - -
150~179 | - - - - - - - - - - - - -
180~-199 - N - - - - - - - - -
W00~ cal - - - - - - - - - - - -
T 18 18 [ 5 7 3 1 i 105
TOTAL - 43. 8 17. 1 17. 1 5.7 4.8 6.7 2.9 1.0 1.0 - 100. 0
- NUMBER OF OBTAINED DATA 165 ( 100, 0 % ) UPPER @ NUMBER OF TIMES
NUMBER OF NOT OBTAINED 0 "LOWER : ¢ % )




FREQUENCY OF WAVE HEIGHT AND WAVE PER!OD

OCT. 10 18991 - OCT. 19 1881 STATION : WEST NO.2

TR TeTs] BTN P i (o 1= W o N Nl FP Aot N K e T 3= "TW.0~
HE(GHT 19l 3. 5.9 7.9 g.e] anel 3.8l 158l 17,81 19.9 see] TOTAL
: - 8 i3 Te]""%0 1 ) s S
~ 19 - - 7.6 13,3 15,2 19. 0 1.9 2.9 - 1 .- : -~ .60. 0
12 16 E] 3 . AQ
20~ 39 - 1.4 165. 2 8.6 2.9 - - = - - - a8. 1
2 ) 2
40~ 59 - 1.9 - - - - - - - e LR N
60~ 19 - - - - - - - - - - - -
80~ 99 . - - - - - - - - ~ - -
100119 - - - - - - - - - - - -
120--139 - - - - - - - - - - - -
140~159 - - - - P R - - - - -
160~179 | - - - - - - -1 - - - - - -
180~189 - - - - - - - - - - - -
200~ cn - N - - - - - - e
14 24 23 19 20 2 3 . 105
TOTAL - 13.3 22.9 21.9% -1a.1). 19.0 1.9 2.9 .= - L 100. 0
HUMBER OF _OBT.AINEID DATA 105 ¢ 100.0 % ) UPPER : NUMBER OF TIMES

NUMBER OF NOT OBTAINED M) ; LOWER : ( ¥ )

FREQUENCY OF WAVE HEIGHT AND WAVE PERIOD

OCT. 10 1991 - OCT.18 1991 'STATION @ WEST NO.3

FERTOD] = T L0~ 40~ ] 6.0~ [ 8.0~ Ji0.0~ [12.0~ 4.0~ |18.0~ 18,0~ [20.0~
HEIGHT Lol " asl U sel ozel o gel igl Thasl Tis.0) " a7.0) 1880 seel TOTAL
14 432 4 60
~ {8 - - - - 13. 3 40.0 3.8 [ - - - - 57. 1
15 79 T
20~ 39 - - - - 14. 3 27.6 = -1 - - = 41.9
1
40~ 59 - - - - 1.0 - - A - - Lo
60~ 79 - - - - - - - - - - .
g0~93f - - N - - - - -1 - - -
100~119 - - - - - - - - - - - -
120~139 - - - - - - - - o -1 -
140~159 - - - -1 - - - - - N e
169~178 - - - - - - - - - - - -
180~139 - - - - - - - - - - o
200~ cm - - - - - - - - - N
LR Tk 4 T 105
TOTAL - - - - 28.6] B7.§ 3.8 - -1 -1 100.0
MUMBER OF OBTAINED DATA 105 ( 100.0 % ) . UPPER @ NUHBER OF TIMES

NUMBER OF NOT OBTAINED 0 LOWER : - { # )

2 - 38
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BAST

“EAST

SOUTH

WEST

DAILY REPORT

OF

WAVE OBSERVATION
NO. 1 24th Sep. ~ 15th  Oct. 1991
NO. I ~ NO.3 22th Sep. ~ 2nd Oct. 1991
NO. 1 ~ NO.3 2nd Oct. ~ 10th Oct. 1991

NO.1~NO.3  10th Oct. ~ 19th Oct. 1991
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