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2. Representative Wave investigation

2.1 Wave Hindcast Points and Fetch

Pointl o
Waves with a return period of several times per year Point2 »
and of 10, 30 and 50 years were hindcast at 7 points
shown in Figure 1. Also, the blue dot is the wave .
Point3 e

observation point. The fetch of each wave hindcast
point is given in Table 1, while the fetch models in

Figure 2.

Point4

Wave observation point
Point5 e

e

Point6 4

Point7

Figure 1 Wave hindcast points

Table 1 Fetch

Featch (km)

Direction =5 T 5 5 T Pointa | Pomnt4 | Ponth | Point6 | Point
N 02 08 16 27 3.2 6.8 9.1
NNE - 0.1 0.3 0.7 0.7 36 65
NE - - - = = 14 3.9
ENE - - - — — 05 20
E —_ —_ —_ _ _ _ _
ESE 06 01 - - -
SE 25 13 04 04 - = =
SSE 55 35 1.7 13 - - -
S 99 73 47 3.2 05 01l -
SSW 133 113 838 6.8 3.0 1.3 12
SW 140] __135] 123|105 71 45 40
WSW 125]  136] 13.7] 129 110 85 76
W 88|  112] 129] 137 136] 120] 107
WNW 52 81 104] 120 133] 134] 124
NW 26 50 71 91 106] 123|123
NNW 0.9 24 40 58 6.8 99 1141
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Figure 2 Fetch Models
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2.2 Correction of Wave Hindcasts

(1)Investigation using wind observation data Pointl
Wave hindcast verification was undertaken with the Sverdrup, Munk and Bretschneider (SMB)
method, which uses the following Wilson's formula IV, based on wave observation data from

February 2 until March 19.

H 1

P _030]1- : W

[1+0.004(g F/U )]

T 1

9lys =1.371- ; )

22U [1+0.008(g F/U?)"]

Where,
g: Gravitational acceleration (m/s’),
U: Wind speed 10 m above sea level
His . Tis: Significant wave height (m), signification wave period (s), and

F: Fetch (m).

Hindcasting was conducted for an eleven day period, from February 2 to 12, because there was

no observation data from February 13 for Funafuti port (see wave hindcast I in Table 2).

Table 2 Wind observation and wave hindcast periods
Month February March
Day 2| 4] 6| sl10[12]14] 16[ 18120 22| 24[26[28] 2| 4] 6[ 810l 12| 14[16[18
Wind observation -2/12
Wave observation 2/2-2/19 2/20-3/19
Wave hindcast [ 2/2-2/12
Wave hindcast I 2/2 -3/19

+ Wave hindcast [] : Using observation wind data
+1Wave hindcast [ : Using NCEP reanalysis wind data

The results of the calculations are given in Figure 3, however, because, the hindcast period is

short in comparison to the observation values the coefficient 1.37 of formula (2) has been

adjusted by 1.5 times, Figure 4.
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Figure 3 Difference between hindcast period and observation period before correction

The reproducibility of the wave period and height is relatively good, if data from February 10
on is omitted, as can be seen in Figure 4. From February 10 to 12 there were no waves hindcast
such as those observed, however, because, for the purposes of wave hindcasting, accuracy of
rough periods is more important than calm periods, verification was undertaken using NCEP
(National Centers for Environmental Prediction) reanalysis wind data that includes rough

conditions in March (see wave hindcast II in Table 2).
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Figure 4 Comparison of observed values and results of hindcasting using wind observation data
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(2) Investigation using NCEP data

The NCEP data is taken four times daily (0, 6, 12, 18h, UTC), at 2.5°grid spacing. From this,
Spline interpolation was employed to conduct spatio-temporal interpolation to obtain data of
one hour intervals at 8°31' northing and 179°12' 1" easting.

A correlation of NCEP data and wind observation data is given in Figure 5. The upper figure is
the east-west component of wind velocity, while the lower figure is a comparative north-south
wind component. It was decided to use the NCEP data without correction, because, while there

is a spread in the distribution, the majority is along the diagonal.

Observation

20
=ZU

NCEP data

20

N-COMP

Observation

NCEP data

OWind speeds 5.0m/s and over were selected.
Figure 5 Correlation of NCEP data and wind data (Jan. 1999 —Feb. 2009)
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Figure 6 is a time series comparison of observed wind speed for February 2010. As mentioned
above, because the four times daily NCEP data is interpolated the peak values do not match,
however, trends in wind speed variation and order are good. Further, from February 10 to 12

when the observed wind speed was low, the NCEP data was 10 m/s or higher.

—— Observation
° NCEP |

=)
&

Wind speed(m/s)

Mn |

8 ".:

2010/1/1 2010/1/6 2010/1/11 2010/1/16 2010/1/21 2010/1/26 2010/1/31 2010/2/5

I NV' I
l

2010/2/10

Figure 6 Correlation between NCEP and observed wind data (Feb. 2010)

Wave hindcasts using the NCEP data are shown in Figure 7 (1) to (4). Periods of high observed
wave heights are February 10, March 3 to 5, and March 12 to 14. Maximum values are difficult
to obtain because interpolated six-hourly wind data is used, however, the hindcast value peaks

are still close to the observed values.

From this, it was determined that this model can be applied to Tuvalu by correcting the periodic

coefficients.
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Figure 7(1) Comparison of observed values and results of hindcasting using wind observation data

PVI-S1-24

direction(deg)



The study for assessment of ecosystem, coastal erosion and protection / rehabilitation Final Report of damaged area in Tuvalu

20.0 -
wind speed ° N
o wind direction P00
2 15,0 Iy, $
S~ o W
X} A Ty
= 10.0 o
() °o
@ o
& 5.0
(=)
00 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
— 2010/2/20 2/21 2/22 2/23 2/24 2/25 2/26 2/27 2/28
30 360
= Observation
\&’270 O Calculation
Ritiie
- i ’@m o
5 [cokn)
g 180
~
o
= 90
2
N 0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
= 0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
2010/2/20 2/21 2/22 2/23 2/24 2/25 2/26 2/27 2/28
2.0 -
—~ Observation
E O Calculation
El.S
X
o 1.0
=
2os
©
3 >
0.0 AR TRETtRRRRRATS RIREIISE rrsieety
0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
2010/2/20 2/21 2/22 2/23 2/24 2/25 2/26 2/27 2/28
6.0 -
—~ Observation
N O Calculation
e
© 4.0
o
~
()
Q
® 2.0
5
=
0.0

0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
2010/2/20 2/21 2/22 2/23 2/24 2/25 2/26 2/21 2/28

Figure 7(2) Comparison of observed values and results of hindcasting using wind observation data

PVI-S1-25

direction(deg)



The study for assessment of ecosystem, coastal erosion and protection / rehabilitation

Final Report of damaged area in Tuvalu

speed (m/s)

wave direction(deg)
o » X 8
S 3 = 3

o

o
o

=
3]

—

wave height (m)

6.0

=
o

wave period(s)

e
o

wind speed
o wind direction W%_
3000
IYYTI IYRTTY RIRTR FATYRY FYRRTI FRRTYI IYRUTI IYRTRA [YAUTA [NTUTI [YYUTI FRTITY RTATY CTVRTY (RRATY FRYTR FAYRTI IYYRTI IYAYYAITAUTI [YUTA RYYTI ARTINY ATTRTI ARRTTY ATRTRI AAYRT (TRATI (AYANI (TUTTI IUTTA INUTTA RVNTL NARTY (RTVI RTIY AOTRTY AORTRA (AAAT AU
0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
2010/3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10
Observation
O Calculation
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
2010/3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10
Observation
O Calculation
0O 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
2010/3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10
Observation
O Calculation

ool
0 6 12 18
2010/3/1

6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10

0

Figure 7(3) Comparison of observed values and results of hindcasting using wind observation data
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Figure 7(4) Comparison of observed values and results of hindcasting using wind observation data
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2.3. Wave Return Period of Several Times per Year

Because wave data is derived from wave hindcasts and because accuracy decreases when wave
height is low, the non-exceedance probability curve, Figure 8, was derived from the cumulative
occurrence ratio values for wave heights 0.4 m and above, Table 3; wherein a 99% probability
of non-exceedance—which is one definition of a wave return period of several times per
year—wave height of 0.57 m was found. The wave period that occurs most at wave height 0.57
m from Table 3 is between 4.0 and 4.4 seconds. Therefore, the height and period of a wave of
return period of several times per year derived from hindcast data is H;3=0.57 m and T;5=4.2 s.
Waves observed in front of Vaiaku Lagi Hotel between February 2 and March 19, 2010,
however, exceeded a wave height of 0.57 m—the green line on Figure 9 wave height time
series—ten times, which is too frequent to be a wave of return period of several times per year;
therefore, the wave height is too low. On the other hand, the frequency of waves exceeding a
wave height of 0.85 m, the red line, is five times. It is considered that a wave height observed
five times in this period, which, as the lagoon side is calm in the dry season and rough in the
rainy season, corresponds to a wave of return period several times per year. Therefore, the wave
height and period of return period of several times per year are H,5=0.85m, T;5=4.1s (mean
values). Moreover, as a wave height of 0.85 m corresponds to a non-exceedance probability of
99.9%, this value will be used at other points to determine waves of return period of several

times per year.

Table 3 Frequency of wave heights and periods (Point5)

Regulation 87672

Site Funafuti(Point5) Observation 87672 (100.0)
Term 1999/ 1/ 1/ 0:00- 2008/ 12/ 31/ 23:00 (Annual) Error 0 0.0)

Wave Height Wave Period (sec. Sum Accum.

(m) 0-09 | 1-19 | 2-29 | 3-34 | 35-3.9| 4-44 [45-49| 5-54 |55-59| 664 [65-6.9| 7LIF Sum
000 - 0.09] 59932| 15928 428 6 1 76295 76295
(68.4) (18.2) (0.5) 0.0) 0.0) (87.0) (87.0)
010 - 0.19 1055 2776 203 31 17 5 1 4088 80383
(1.2) (3.2) 0.2) 0.0) 0.0) 0.0) 0.0) 4.7) 91.7)
020 - 029 2073 399 178 56 17 4 1 2728] 83111
(2.4) (0.5), (0.2) 0.1)) (0.0) (0.0), (0.0) 3.1 (94.8)]
030 - 039 633 731 223 103 30 9 1 2 1 2 1735 84846
©.7) (0.8), (0.3) 0.1), (0.0) 0.0), (0.0) 0.0), (0.0) 0.0), (2.0) (96.8)
040 - 049 9 798 281 132 46 13 4 2 1 1286 86132
(0.0) (0.9), (0.3) 0.2), 0.1) 0.0), (0.0) 0.0), 0.0), (1.5) (98.2)
050 - 059 63 474 108 38 20 5 1 1 2 712 86844
0.1)] (0.5) 0.1), (0.0) 0.0), (0.0) 0.0), (0.0) 0.0). (0.8), (99.1)
060 - 069 1 206 154 32 9 5 1 2 410 87254
(0.0), (0.2) 0.2), (0.0) 0.0), (0.0) (0.0) 0.0), (0.5), (99.5)
070 - 0.79 21 171 30 12 1 2 1 238 87492
0.0) 0.2) 0.0) 0.0) 0.0) 0.0) 0.0) 0.3) (99.8)
080 - 0.89 72 31 17 2 122 87614
0.1 0.0) 0.0) 0.0) 0.1) (99.9)
090 - 099 5 17 9 4 35 87649
0.0) 0.0) 0.0) 0.0) (0.0) (100.0)
1.00 - 1.19 1 16 3 3 23 87672
0.0) 0.0) 0.0) (0.0) (0.0) (100.0)
120 - 1.39 87672
(100.0)
140 - 159 87672
(100.0)
160 - 179 87672
(100.0)
180 = 87672
(100.0)

Sum 59932| 16983 5919 2201 1415 819 262 97 26 7 4 7| 87672 *
(68.4)] (19.4) (6.8) (2.5), (1.6) 0.9) 0.3) ©.1) 0.0) 0.0) 0.0) 0.0)] (100.0) *
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Table 4 Probability of non-exceedance according to wave hindcast points

Wave height] Probability of non-exceedance(%)

(m) Point1 Point2 Point3 Point4 Pointb Point6 Point7
0.50 99.03 98.60 98.21 98.01 98.01 97.89 97.83
0.51 99.15 98.75 98.39 98.20 98.19 98.08 98.03
0.52 99.25 98.89 98.56 98.37 98.35 98.25 98.20
0.53 99.34 99.02 98.71 98.53 98.50 98.40 98.36
0.54 99.42 99.13 98.84 98.67 98.63 98.53 98.50
0.55 99.49 99.22 98.96 98.80 98.75 98.66 98.64
0.56 99.55 99.31 99.06 98.91 98.86 98.77 98.76
0.57 99.61 99.38 99.15 99.01 98.96 98.88 98.86
0.58 99.65 99.45 99.24 99.10 99.05 98.97 98.96
0.59 99.70 99.51 99.31 99.19 99.13 99.06 99.05
0.60 99.73 99.57 99.38 99.26 99.21 99.14 99.13
0.61 99.76 99.61 99.44 99.33 99.27 99.21 99.21
0.62 99.79 99.65 99.50 99.39 99.33 99.27 99.27
0.63 99.82 99.69 99.55 99.45 99.39 99.33 99.34
0.64 99.84 99.72 99.59 99.50 99.44 99.39 99.39
0.65 99.86 99.75 99.63 99.54 99.49 99.44 99.44
0.66 99.87 99.78 99.67 99.58 99.53 99.48 99.49
0.67 99.89 99.80 99.70 99.62 99.57 99.52 99.53
0.68 99.90 99.82 99.73 99.66 99.60 99.56 99.57
0.69 99.91 99.84 99.75 99.69 99.64 99.60 99.60
0.70 99.92 99.86 99.78 99.71 99.67 99.63 99.64
0.71 99.93 99.87 99.80 99.74 99.69 99.66 99.67
0.72 99.94 99.89 99.82 99.76 99.72 99.68 99.69
0.73 99.95 99.90 99.83 99.78 99.74 99.71 99.72
0.74 99.95 99.91 99.85 99.80 99.76 99.73 99.74
0.75 99.96 99.92 99.86 99.82 99.78 99.75 99.76
0.76 99.96 99.93 99.88 99.83 99.80 99.77 99.78
0.77 99.97 99.93 99.89 99.85 99.81 99.79 99.80
0.78 99.97 99.94 99.90 99.86 99.83 99.80 99.81
0.79 99.97 99.95 99.91 99.87 99.84 99.82 99.83
0.80 99.98 99.95 99.91 99.88 99.85 99.83 99.84
0.81 99.98 99.96 99.92 99.89 99.86 99.84 99.85
0.82 99.98 99.96 99.93 99.90 99.87 99.86 99.86
0.83 99.98 99.96 99.94 99.91 99.88 99.87 99.87
0.84 99.98 99.97 99.94 99.92 99.89 99.88 99.88
0.85 99.99 99.97 99.95 99.92 99.90 99.89 99.89
0.86 99.99 99.97 99.95 99.93 99.91 99.89 99.90
0.87 99.99 99.98 99.96 99.94 99.91 99.90 99.91
0.88 99.99 99.98 99.96 99.94 99.92 99.91 99.91
0.89 99.99 99.98 99.96 99.95 99.93 99.91 99.92
0.90 99.99 99.98 99.97 99.95 99.93 99.92 99.93
0.91 99.99 99.98 99.97 99.95 99.94 99.93 99.93
0.92 99.99 99.99 99.97 99.96 99.94 99.93 99.94
0.93 99.99 99.99 99.97 99.96 99.95 99.94 99.94
0.94 99.99 99.99 99.98 99.96 99.95 99.94 99.95
0.95 100.00 99.99 99.98 99.97 99.95 99.94 99.95
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2.4 Mean Energy Wave

The mean energy wave was calculated from wave hindcast data using the SMB method, from
wind reference data for Funafuti port from 1999 to 2008.

The mean energy wave is to be used in the shoreline change prediction model, and is to be

calculated with the following formulae.

~ Z N Ty

Formula for wave period: T = kZ: n
k

6]
~ Zz(nm Ty le)
Formula f height: T-H?=-—
ormula for wave heig Z Z n,
k 1
2)
D> Ny T H? -cosa,, -sina,
Formula for wave direction: T -H’cosa-sing =-mt
Z Z z r]klm
k 1 m
DD My T -cosar,, -sina,
a=—sin'|2-0 Kk I 3)
TH 2D Nan
k I m
Here,
H, T, a: wave height, period, and direction
H, T. a: mean energy wave height, period, and direction

n. k. I, m: frequency, subscript representing period level, subscript

representing wave height level, and subscript representing wave direction level

Further, the following passage "Wave to be used in planning erosion countermeasures" is taken
from page 41 of the Coastal Protection Plan Guide (Coastal Division, Rivers Bureau, Ministry
of Construction, March 1994).

When the daily mean significant wave height is below 30 cm, the impact of these
waves on erosion can be mostly ignored. Therefore it is necessary to exclude these
from the reference. For example, the reference for calm period during summer on the

Japan Sea coast is to be excluded. Otherwise the design wave will be under

evaluated.
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As such, waves of heights 0.3 m and higher were aggregated and used in formulae (1) to (3)
to find the mean energy wave.

The results of the mean energy wave calculation are given in Table 5. The number of active
days was calculated by dividing the number of days waves 0.3 m and higher were active in the
target area by the total annual energy. When calculating the shoreline change prediction model,

the mean energy wave is made active for 18 days for a year's calculation.

Table 5 Representative wave (mean energy wave)

. . S Active
Parameter Height (m) Period (s) | Direction (* ) d
ays

288.4

(Area L-C:which is

36.7° clockwise to wave
action perpendicular to the
mean coastline vector of
0.52 3.6 the target area, 341..7° . 18
wave Area L-D:which is

6° anticlockwise to wave
action perpendicular to the
mean coastline vector of
the target area, 24.4° )

Mean energy
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2.5 Wave Return Period

Wave return periods were calculated using the Bretschneider method based on past wind speed
probabilities, Table 6. The Bretschneider method of hindcasting is suited to hindcasting waves
in shallow seas where waves are easily impacted by seabed friction; whereby significant wave
height, H, 3, can be obtained from Figure 10, based on: fetch, F; wind speed, U; and water depth,

h. Wave period is calculated, based on past observation results, with the relevant formula:

T =3.864H,; (units: s, m)

Table 6 Wind speed probability of westerly in Funafuti lagoon, return period wave and

water level rise

Return Wind Wave Wave Barometric tide
Period speed height period and wave setup
(year) (m/s) (m) (sec) combine(m)

5 11.1 0.8 3.5

10 15.6 1.2 4.2 0.19

15 18.2 1.4 4.6

20 20.1 1.6 4.8 0.26

30 22.8 1.9 5.2

50 26.1 2.2 5.6 0.38

75 28.8 2.5 5.8

100 30.7 2.7 6.0

Carter (wind and sea analysis FUNAFUTI LAGOON, TUVALU1986)

Waves of 10-, 30- and 50-year return periods for Point1 to Point7 are as shown in Table 7.
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Point5 the example of 50-year return periods wave

Hus: @ Significant wave height
Ui : Wind speed
F : Fetch
h : Depth
In the case of
Friction coefficient f=0.01 breaking limit

deep water waves limit

2_
gH/U?=0.312 oF /U?=195
=
gh/U%=0.432
Figure 10 Fetch of shallow water waves (hydrological formula)

Table 7 Return period waves at each hindcast point

. Return |Wind speeq Fech Depth 2 2 2 |Wave height] Wave period
Site period(yr)| (m/s) (km) (m) gh/U gF/U gHo/U Hi3(m) | Tq,(s)
10 15.6 1.208 565 0.049 1.23 4.3
Point1 30 22.8 14.0 30 0.566 264 0.035 1.85 5.2
50 26.1 0.432 202 0.031 2.15 5.7
10 15.6 1.208 546 0.049 1.21 4.2
Point2 30 22.8 13.6 30 0.566 255 0.035 1.85 5.2
50 26.1 0.432 195 0.031 2.15 5.7
10 15.6 1.208 553 0.049 1.22 4.3
Point3 30 22.8 13.7 30 0.566 259 0.035 1.85 5.2
50 26.1 0.432 198 0.031 2.15 5.7
10 15.6 1.208 552 0.049 1.22 4.3
Point4 30 22.8 13.7 30 0.566 258 0.035 1.85 5.2
50 26.1 0.432 197 0.031 2.15 5.7
10 15.6 1.208 546 0.049 1.21 4.2
Pointb 30 22.8 13.6 30 0.566 256 0.035 1.85 5.2
50 26.1 0.432 195 0.031 2.15 5.7
10 15.6 1.208 539 0.049 1.20 4.2
Point6 30 22.8 134 30 0.566 252 0.035 1.85 5.2
50 26.1 0.432 192 0.031 2.15 5.7
10 15.6 1.208 497 0.047 1.17 4.2
Point7 30 22.8 124 30 0.566 233 0.035 1.85 5.2
50 26.1 0.432 178 0.031 2.15 5.7

*Fetch is applied the longest distance.
Depth is given average depth in lagoon.
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3. One-Line Theory Model to Evaluate the Beach

Transformation
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3. One-Line Theory Model to Evaluate the Beach Transformation

3.1 The outline of 1line model

1 line model (one-line theory model) for the predictive calculation of shoreline changes was
utilized. The shoreline changes is captured by this model, which is composed of the following 2
sub-programs 1) The calculation of wave field 2) The calculation of shoreline changes. The
calculation flow of this model is as shown in the figure 3.1. In the wave field, refraction, the
diffraction and shallow-water transformation were calculated. Then wave breaker height and
wave direction are figured out to estimate longshore sediment transport rate. In the calculation
of shoreline changes, longshore sediment transport rate allocated in every Ax on the grid line
towards to coastal direction by wave breaker height and wave breaker direction is estimated.

Shoreline change Ay is figured by using this previously mentioned and the equation for sand

calculation
of wave field

wave break height
wave break direction |
|

i

mass conservation.

calculation of longshore
sediment transport rate

calculation of
shoreline changes

arrival to
prediction time

no

Figure 3.1 The flowchart of 1 line model (one-line theory model)

(1) The calculation on the wave field
Refraction of multidirectional random wave and shallow-water transformation can be
simultaneously solved. Moreover, regarding diffraction transformation, the applicable

energy balance equation is also utilized from a practical standpoint.
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Basic Equation

Stationary wave filed is assumed in the following

1) No temporal alteration occurs on the wave condition 2) The period of component wave
remains unchanged 3) Given with the exception that the dissipation of energy of wave breaking,

external energy does not exist. Then the energy balance equation is expressed as the following.

0 o 0 ,

(%) +—(S)+—(Sv)=—¢S (1)
X N 00

X, y are horizontal coordinate and defined as shown figure 1.2. S is directional spectrum, 0 is

the wave direction angle circled in a counterclockwise direction from x axis. g, is energy

dissipation coefficient. Also, characteristic velocity (vy, vy, vg) is the following.

Cg cosd
Vv, Cg sin @
V=4V, = ()
Vo % §sin0—§c059
C\l 1%

C is the wave celerity , Cg is the group velocity.

6 S l.{'-..:'... ]

-
e
2

'y
g Wave ray %

Fus
iy

x shore £

Figure 3.2 Definition method of coordinate system

PVI-S1-37



The study for assessment of ecosystem, coastal erosion and protection / rehabilitation Final Report
of damaged area in Tuvalu

Calculation of breaker height

Energy dissipation coefficient €’,is treated as dissipation rate for losing energy within unit of
time through the breaking. This wave is assumed that it inversely relates against average time
taken for the input-output in the computational grid and given in the following equation

,  &§C

—_Zb= 3
&y X3y 3)

Hereto, 0x, 0y is the size of the computational grid of x, y direction. The dimensionless quantity
&, 1s expressed the ratio of wave energy of breaking in the grid. Given that after breaking, wave
height is closed to Rayleigh distribution. According to breaker height when entering the
computational grid, Hy; and breaker height when outgoing from the computational grid Hy,, the

following equation is applicable.

Hbi/Hl/3 * * Hbo/Hl/3 * *
U P.(H))dH; - | PE(HS)dHS}

0

8b - Hbi/Hl/3 * *
[ P(H)AH]
Hy ) Hy )
1- 1+7z[ab°J exp —”[a b"J
H1/3 H1/3
1- 5 5 @)
H
1- 1+7[(a bi J exp —”(a bi j
H1/3 4 H1/3
Hereto, Pg(H) is the wave energy distribution.
P. =—a"H  exp| ——(aH,) (5)
8 4
H. _H , o= HL”
H1/3 H

Hereto . H is average height. Regarding the estimation of breaker height of Hy,,. and Hy;, the

following indicator of breaking is utilized. Then breaking is commonly occurred with a certain

Hy _ A{l — exp{—w@(l +15tanh*”? ,B)H (6)
LO LO
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Here, H, is breaker height. Lo is offshore wave wavelength. h is breaker depth. tanf is
sea-bottom slope. Also, A is coefficient depending on the location within breaker zone. As A is
0.18, all waves with breaker height over Hy; are broken. As A is 0.12, wave less than Hy; is not
broken. It is assumed that the case of wave with the probability of the breaking waves from
A=0.12 to A=0.18, they are linearly changed.

(2)Calculation of shoreline change

As shown conceptual diagram 1.3, towards coastal direction is X axis. Towards off coast
direction is Y axis. The location of shoreline is y=y. According to basic theory of (x, t) model,
it is assumed that moving towards to offshore without changing the cross-section of beachside,

conservation law of sediment volume is the following equation.

N, AR )
d+D(@( qj 0 7

Here, Q: longshore sediment transport rate, which involves the volume with porosity unit
width per unit hour
D: Height of the movement of sand drift
Q: The quantity of the influx of sediment towards offshore

aQ

(Q+

AX) 4t °

The calculation of longshore sediment transport rate, according to Ozasa * Brampton(1979), in
addition to the suggestion equation, the following equation considering significant wave by
Klaus (1981 ) is leveraged.
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Q=(H/, -Cg)b[Klsin2abS—Kz%cotﬁcosamj (8)
R, = %
" 16(p,/ p—1)(1-2)1.416"7
R, = %
8(p./p—D(1-2)1.416°"
(H5° - Cg)y: Energy flux based on significant waves at the braking point
(Hijz)o: Breaker height of the significant wave
K, Ki: The coefficient of longshore sediment transport rate
cotf}: Inverse number of sea-bottom slope
Olps: The angel between shoreline and wave direction at the breaker point
Ps, P: The density for sand and sea-water
A The porosity of the sand

Formula (8) article 1 on the right side is related with energy flux for breaking towards sea
coast. Article 2 is considered about the movement of sand drift due to water level slope due to
cause of the unevenness of breaker height towards the sea coast. The effect of sand drift behind

the masking structural object is calculated by article 2.

A wave crest line at breaker point

b

shore line

offshore coodinate

longshore coodinate

the source

Ozasa, H., Brampton,A.,H., 1979, The calculation of shoreline change with seawall, Port and
harbour research institute report, Vol.18, No.4, pp.77-103.

Klaus, N., C., Isigai, S., Kubota, S., 1984, Shore line change simulation in Oarai beach-wave
breaking and shore line change behind breakwater, Proceedings of Coastal Engineering, Vol.28,
JSCE, pp.295-299.
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PART VI: EXAMINATION AND DESIGN OF
COASTAL PROTECTION MEASURES

Section 2: Data Book

1. Results of Geotechnical Test for Dredging Sand

in Lagoon

1 Dredging Seabed Material Sampling Record

2. List of Soil Test Results

3 Particle Distribution Test

4. Geotechnical Classifications

5 Soil compaction Test and Corn Index Test of soil by tamping
6 Consolidation Test by stage loading of soil

7. Specific Gravity Test / Water Absorption Test of Coral Gravel
8. Passing Through Test for Geofabric and Dredged Sand

0. Soil Cement Test

9-1 Slaking Test of Soil Cement
9-2 Underwater Segregation Test of Soil Cement

9-3 Photographs
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1. Dredging Seabed Material Sampling Record
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2. List of Soil Test Results
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List of Soil Test Results (Materials)

THE STUDY FOR ASSESSMENT OF ECOSYSTEM, COASTAL EROSION AND

Project Titl
roject ¢ pROTECTION/REHABILITATION OF DAMAGED AREA IN TUVALU e e
The Person in
Charge of Kazunari Yoda
Arrangement
Sample Number
DS-1 DS-2 DS-3 DS-4 DS-5 DS-6
(Depth)
Wet Density LN g fem®
Dry Density Pd g /em®
The |Density of Soil Particle p, g lem® 2.760 2.810 2.844 2.823 2.828 2.849
General |Napural Water Content W 5, %o
Void Ratio e
Degree of Saturation S, %
Stone Fraction {more than 75mm) % 0.0 0.0 0.0 0.0 0.0 0.0
Gravel Fraction”  (2~75mm) % 0.7 1.7 12.5 0.5 0.1 31.2
Sand Fraction" (0.075~2mm) % 87.7 74.8 76.6 524 813 55.5
Silt Fraction" (0.005~0.075mm) % 7.7 18.4 8.5 36.2 12.6 9.9
Particle |Clay Fraction"  (less than 0.005mm) % 3.9 5.1 2.4 10.9 6.0 3.4
Maximum Particle Size mm 4.75 9.50 9.50 4.75 475 9.50
Uniformity Coefficient Ug 8.74 17.12 12.53 30.81 27.58 51.20
Liquid Limit W % NP NP NP NP NP NP
Plastic Limit Wp % NP NP NP NP NP NP
Properties | Plastic Index Ip — — — — — —
of
Consistency
Class Name of Ground Sand with some Sand and Fine Sand wilh fne Sand and Fine Sand and Fine Sapd and Gm_ve]
. ! ! : Fine fraction and ! ) with some Fine
Classification| Materials Fine fraction fraction fraction fraction 1
Gravel fraction
Class Symbol (S-F) (SF) (S-FG) (SF) (SF) (SG-F)
Test Method A-c
Compaction |Maximum Dry Unit Weight g £ lem3 1.301
Optimum Moisture Content W e % 313
Test Method
Expantion Ratio r, %o
Water Content Wa of
CBR After F aom Test
Average CBR %o
CBR (% Adjustment) %
Tamping Number Nurmiber of Times / Layers
of Times
Cone  |Cone Index e kN/m2
Index
Maximum Density of Sand ,amax £ lem3 1.243
Minimum Density of Sand panax g lem3 0.884
pH Test of Sand 8.6 8.4
Coefficient of Permeability / 2
m""'r;"" Hea;.d\ k15 cm/s 6.64E-4
Coeflicient of Permeability
(Falline Head) k15 cmls 5.37E-4
Product Ratio (g/em’)
Special Instruction 1) A percentage by the soil materials which are less than 75mm except stone fraction is indicated.

[ 1KN/m?=0.0102kgflem’ |
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List of Soil Test Results (Materials)

THE STUDY FOR ASSESSMENT OF ECOSYSTEM, COASTAL EROSION AND

Project Title b OTECTION/REHABILITATION OF DAMAGED AREA IN TUVALU Do Octoberl?, 2010
The Person in
Charge of Kazunari Yoda
Arrangement
Sample Number i
(Depth)
Wet Density e g lem’
Dry Density Pd g Jom®
The [|DPensity of Soil Particle p, g fem’
General |Napural Water Content W n %
Void Ratio e
Degree of Saturation S, %
Stone Fraction (more than 75mm) %
Gravel Fraction”  (2~75mm) %
Sand Fraction”  (0.075~2mm) %
Silt Fraction" (0.005~0.075mm) %
Particle |Clay Fraction' (less than 0.005mm) 94
Maximum Particle Size mm
Uniformity Coefficient Ug
Liguid Limit Wi %
Plastic Limit Wp %o
P“’P"}“i Plastic Index I
Co;mmy
Class Name of Ground
Classification| Materials
Class Symbol
Test Method
Compaction |Maximum Dry Unit Weight P £ lem3
Optimum Moisture Content W g %
Test Method
Expantion Ratio { 39 %
CBR :,ﬂﬂ:.cmm' Test ik %
Average CBR %
CBR (% Adjustment) %
::‘_‘r’:";‘i Number Nurrber of Times / Layers
Cone |Cone Index qc kN/m2
Index
Maximum Density of Sand pamax £ lem3
Minimum Density of Sand pamax £ lem3
pH Test of Sand
= R
Coefficient of Permeability k15 cmfs
(Fallinz Head)
Product Ratio (g/em’) 2.44

Special Instruction

1) A percentage by the soil materials which are less than 75mm except stone fraction is indicated.

[ 1KN/m’=0.0102kgflem’ |
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List of Soil Test Results (Materials)

THE STUDY FOR ASSESSMENT OF ECOSYSTEM, COASTAL EROSION AND

Project Title b OTECTION/REHABILITATION OF DAMAGED AREA IN TUVALU Do Octoberl?, 2010
The Person in
Charge of Kazunari Yoda
Arrangement
Sample Number DS-4 DS-4 DS-4 DS-4
(Depth) (pdmx) (pdmx95%) (w=40%) (Dr=100%)
Wet Density e g fcm’_
Dry Density P g Jom®
The [|DPensity of Soil Particle p, g fem’
General |Napural Water Content W n %
Void Ratio e
Degree of Saturation S, %
Stone Fraction (more than 75mm) %
Gravel Fraction”  (2~75mm) %
Sand Fraction”  (0.075~2mm) %
Silt Fraction" (0.005~0.075mm) %
Particle |Clay Fraction" (less than 0.005mm) %
Maximum Particle Size mm|
Uniformity Coefficient Ug
Liguid Limit Wi %
Plastic Limit wp %|
P“’P"}“i Plastic Index Ip
Co;ﬂmcy
Class Name of Ground
Classification| Materials
Class Symbol
Test Method |
Compaction |Maximum Dry Unit Weight P £ lem3
Optimum Moisture Content W ope % .
Test Method .
Expantion Ratio { 39 %_
CBR :’;:.CWS"‘_ Test Wa %.
Average CBR %
CBR (% Adjustment) %
::‘;;‘: Number Nurrber of Times / La)'en;
Cone |Cone Index 9c KN/m2|
Index
Maximum Density of Sand pamax £ lem3
Minimum Density of Sand pamax £ lem3
pH Test of Sand
el emis|
e T emis|  5.55E-6 5.78E-6 1.08E-5 3.09E-5
Produet Ratio (g/em’)
Special Instruction 1) A percentage by the soil materials which are less than 75mm except stone fraction is indicated.

[ 1kN/m’%=0.0102kgflem’ |
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List of Soil Test Results (Foundation Ground)

THE STUDY FOR ASSESSMENT OF ECOSYSTEM, COASTAL EROSION AND

Project Title  pp GTECTION/REHABILITATION OF DAMAGED AREA IN TUVALU Ditke Driober'1; 2010
The Person in
Charge of Kazunari Yoda
Arrangement
Sample Number
fDepth) il
Wet Density P g fem’
Dry Density Pa & fem’®
The |Density of Soil Particle p, g fem’
General |Natural Water Content W, %|
Void Ratio e
Degree of Saturation S, %.
Stone Fraction (more than 75mm) 9%
Gravel Fraction”  (2~75mm) %.
Sand Fraction" {0.075~2mm) o |
Silt Fraction”  (0.005~0.075mm) %
Particle |Clay Fraction" (less than 0.005mm) %:
Maximum Particle Size mm
Uniformity Coefficient Ug
Liquid Limit Wy %_
Plastic Limit Wp %.
Properties | Plastic Index Ip
Com?:mcy
Class Name of Ground
Classification| Materials
Class Symbol
Test Method Stage Loading
Compression Index Ce 0.249
Consolidation | Compressive Yield StressP¢ kN/m®| 2709
Unconfined Comprealcn | | | | g KN/m?|
Unocuﬁn_ad
C
Test Condition
Total Stress i kij:i
Shear % A
Effective Stress ul =0
. o
Special Instruction 1) A percentage by the soil materials which are less than 75mm except stone fraction is indicated.

[ 1kN/m’=0.0102keflem’ |
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3. Particle Distribution Test
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