Appendix 4-1 (1)

STUDY ON DESIGN WAVE

(1) wWind Speed by Direction

The records of maximum wind speed expressed in Beaufort wind secale

were available during the period 1948 - 1984 as shown below:

‘fable~-1 Maximum Wind Speed by Direction

All Direction

Year . s : -
Directions N SE S ~ .BW . NW

‘1948 7
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968 -
1969 3
1970
1971
1972
1872
1974
1979
1980
1981
1982
1983
1984
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The relationship between the Beaufort wind scale and wind speed is
as follows:

Table~2
Beaufort " wind Speed Range _—W
wind sScale | - (m/sec) (m/sec)
1 1.039 0.6 - 1.5
2 2.572 1 1.6 - 3.3
3 4,372 3.4 - 5.4
4 6.944 | 5.5- 7.9
5 9.774 8.0 ~ 10.7
6 12.603 10.8 - 13.8
7 15.689 13.9 - 17.1
8 19.033 17.2 = 30.7

{2} Prbbability Analysis of Wind Speed .

Baéed'cn the data of the wind.speed és described above, a probability
analySis'Wés ﬁade} The data was plotted by the Thomas method and the

probability was analyzed by the Gumbel method.

An analysis was inade fér each of six cases (directions) of winds, i.e.,
north (N), northwest (NW), southwest (SW), south (S),.southeasﬁ (SE)
and all diréctions, takin§ into account the winds corresponding -to the

waves which propagate to the-proposed causeway.

The detailed calculations are presented in Appendix 4-2, of which the

results are summarized as shown below:

. Table-3
Return ‘ Wind Speed by Direction (m/sec)
Period - -
(Year) N | ww SW s SE All
2 ‘8.5 | 10.1 11.1 7.3 | 10.6 | 12.8
5 10.6 | 14.3 | 15.1 9.9 | 12.2 | 16.3
10 | 12.0 17.1 | 17.7 | 1l.e | 13.3 | 18.6
20 13.4 |. 19.8 | 20.2 | 13.2 | 14.3 | 20.8
50 15.1 23.3 | 23,5 | 15.4 | 15.6 | 23.7
100 16.5 25.8 | 25.9 | 17.0 | 1&.6 | 25.9
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Shallow Water Wave

The scale of shallow water wave which is generated.in the 1agooh was

estimated for a 50-year probability.

Judgihg from the location of the proposed causeway and fopography’of'
Tarawa, the shallow water wave generated by ﬁhe'north_wind will have

a larger effect on causeway. than the others, and as such an estimation

was made for it.

(i) Effective fetch of north wind

The distance between the pxopoéed causeway and the reef edges

on the opposite’ shore by direction is shown in the figure below:

£

NORTHTARAWA |

(73

Tamtai

] 01 234 5686 789!9kifomefec'r

Fig.1 ZEffective fetch
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Based on the above distance, the effective fetch was calculated

by the folldwing equation,

n -
b Fycos (Bi ~- 0)AB:

n .
Z cos(0; - G)Aﬁt

where, Faff Effective fetch

m

e | :. Main wind direction

Fi : Distance to the opposite shore in
@i direction

Using this formula, the effective fetch for the north wind was

calculated at 12.7 kiloﬁeters.

(i) A shallow water wave generated by north wind. Significant wave
height and wave pefiod of. shallow water wave generated by
‘north wind were estimated based on the Bretschneider's method -

'shown in the following figure.
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H Significant wave height

U: Average wind speed

F:  ‘Fetch ’

h: Water depth

f: Coefficient of friction, £ = 0.01

Fig.?2 Estimation of Fetch of Shallow Water Wave



Appendix 4¥l (5)

h=8.0+1.8=9.8n
Average seabed level: DL = 8.00
Tide level (MHWS): DL + 1.80

15.1 m/sec (50-year return period) .

Il

U
F
gh/02
g/ u?
gH/U?

12.7 km

9.8 x 9.8/(15.1)” = 0.421
9.8 x 12,700/(15.2)2 = 546
0.049 from the above figure

1

t

il

Therefore, the significant wave height (H) and the wave period:

(T) are calculated, as follows:

H l.l4 m

T = 3.86/H = 3.86 x V1.14 = 4,1 sec

il

(4) Deep Water Wave
The scale of a deep water wave generated in the ocean was estimated
for a 50-year probability. TFour cases (wind diréctions), SW, .8 and
SE winds which blow on ocean side of the proposed causeway and NW

wind which blows on lagoon side, were analyzed.

(i) Effective fetch and wind duration

According to the pilot chart of the Maritime Safety Agency of
Jopan, the maximum height of ocean wave (Hy/3) is 5.0 m and the
maximum wave period {(T) is 9.0 sec. The maximum wind speed
during the period when this ocean wave oocurred was 8 in the

Beaufort wind scale, equivalent to about 40 knots (20,56 ﬁ/Sec).

The fetch and wind duration were estimated based on the above,

as described below:

a) Method A

Based on the wave height and wind speed, the following

values were obtained using the S-M-B method {(refer to the

chart below),
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Effective fetch s Fe = 250 km
Period 1 T = 8,6 sec
wWind duration v = 13 hy

b} Method B
Based on the wave period and wind speed, the folloﬁing values

were obtained also using the S5-M-B method.

] Effective fetch } Fe = 300 km

significant wave.height PHy g 5.5 m

Wind duration : ¢t = 16 kt
. 0 8 e 3 e et ot §oa s g
L3y \ Q QY
g LAY \' &\\ X N
R YR N/
RBYAVAY ‘:‘ AN R N A 3 A
N ‘.‘\ g Y NP Wy AN S e &
FRNARA BV AT
FH A = ) NN :
M 35 A AN , =
AN N AN 5
Rk R _‘,;’ 8 ‘\ik [ ‘ti\\f{‘ o SN 3
i “\. TR PRI N : N BT ]
1 WA b =
PR N AT A A . SOviTL NN
531- K A 1. ?é\ ARG
B e N A X ~ -+
o RS TR, A N T
% g4 A [ 7]
n :\‘l b\ ‘}{\\ ' VRl ; Jf_-. == Z
i - : N = H
Ly By S e
RSN LRSS ?\ ] —l‘ 5 = i
N T S LT
ENARNEY &S e S S R
TET S TR TR = AT A
HESS ST AL e 7T
B0 . LR T E 100 4 8 i1
] Feleh F k) v . .
) —— Ve bl {n)'—-—'ﬂﬂu‘: Fx(s) === Wind Dacaton_p {}) 7+=r= wialpetectlal #ne {Hyr Ty)? meonet

Fig.3 Curve of Wave Height by S-M-B Method

¢) Effective fetch and wind duration

.

~In general, if Bretschneider's method is applied in the case
where there is an attenuation of well, the wave height de-
creases and the wave period increases in value as shown in
the figure below. The difference between Method A and B ig
judged to be due to such attenuvation and the attenuation

distance was estimated at 20 - 30 km,
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Fig.4 Attenuation Curve

Based on the above results, the éffective fetch and wind duration

near Tarawa were estimated to be 250 km and 14 hours, respectively,
which are considered to be appropriate for such area near the

equator that have no extraordinary weather such as typhoon or
hurricanes.

Deep Water Wave by Direction

The wave height and period were estimated, for a wing speed of
4 50-year return period, calculated in (2), effective fetch of
250 km and wind duration of 14 hours, using the S-M-B method, as
summarized in the table below: The results are a little bit
different between those calculated based on effective fetch and
wiﬁd speed and those calculated based on wind duration and wind
speed, The smaller values were taken referring to the Manual

for wWave Analysis, Japan.
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Table~4 Deep Water Waves by Direction
Wave on Ocean Side La?°°n
. side
Wind Direction ‘ swW S 5E NW
Wind Speed | (m/sec) | 23.5 15.4 - 15.6 | 23.3
Estimation Wave
based on Height H1/3 {m) 6.2 3.5 3.5 6.2
Effective
Fetch Period T (sec) 9.5 7.5 7.5 9.3
Estimation Wave : .
based on Height H1/3 {(m) 6.1 3.3 . 3.3 | 8.l
Wind : X
Puration Pericod T (sec) 2.3 7.1 7.1 9.3
used Wave H () 6.1 3.3 3.3 6.1
s Height 1/3 m . . . .
Values .
Period T (sec) 9.3 7.1 7.1 9.3

‘Based on the above, the following waves were fixed for the sub-

sequent studies

Wave on ocean side (SW): Hl/3 =6.lm, T= 9.3 sec

Wave on lagoon side (NW): H1/3 =6.1m, T = 9.3 sec

(5) Wave Transformation and Setup on Reef
The transforﬁation of a shallow water wave and a deep watér wave
were aﬁalyzed until they reached the proposed'iacation of cause-
way and the wave height and wave setup in front of the causeway

were then calculated,.

(1) 1In the case of a wave breaking on the reef (wave of 50 years
return period) o
The height of breaking wave and wave transformation were esti-

mated by the following Takayama's eguations:

Takayama's equabion
a) Height of breaking wave on reef edge

L3 ] . N . 1 .
Hi/3xs50= MR { (8g*Hp' + By *h) Byay Ho Kg'Hy')
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Where, Hi /32=0 = Height of breaklng wave
B = 0.028 (Hg' /Lo) =038, xp(20(tand) )

By = 0.32¢ exp (4, 2tand)

Bray = Max{0.92,0.32 (Hg /Lo 9 29-exp(2 4tan6)}

Hy': Slgnlflcant wave height
Lo : Wave length

tan®: Seabed slope on reef edge

b} Attenuation of wave height and setup

Wave height

H i h, + ﬁm
1/3x X 0
—— » -0, 5...4- -{ ————
He Brexp(-0.0 HO) o iy
Setup

1/3x 2 __h

x/Hy' = \/co ~ 3788 ( iy

Hy/3x = Wave height at the distance of xm from reef edge

Ny = Setup at the distance of xm from reef edge
Hy/3x=0 hy - ng
B = =
Hg . HO

¢ = 0.33 (cbnstant)

ho + e/ €p
- Hp 1 + 3/8Ra?

hg = Water depth

B = 0.56 (constant)

Nx=Q % HO 2 3 Hl 3 .= 2
Co = (——rm—)" + I8 P_Jilirjl)
HO -8 Hp

ﬁx=o/Hb' = From Goda's estimation diagram

Using these equations, an analysis was made for the_fbliow?

ing 3 waves:
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heep water wave to reach the ocean side of the causeway
- Wave by SW wind

~ Significant wave height of ocean wave: 6.1 m

- Period of ocean wave: 9.3 sec

- Distance between the reef and the céuseway'(x) and water

depth (hp): x = 400 m, hg = 1.3 m

- Deep water wave to reach the lagoon side of the causeway

.= Wave by NW wind
~ Significant wave height of ocean wave: 6.1 m

- Period of ocean wave: 9.3 sec

- Distance between the reef and the causeway (x) and the water

#

10,000 m, hg
300 m, - hg

depth (hg): X 8.0 m, and

x 1.3 m

il
it

~ Shallow water wave to reach the lagoon side of the causeway

- Wave by N wind
—~ Significant wave height'of shallow water wave: 1.14 m

- Period of shallow water wave: 4.1 sec

- Distance between the reef and the causeway (x) and the water

depth {hq): x = 300m, hg=1.3m

The detailed calculation is described in the subsequent
pages, of which results are summarized helow:

Table-5

- Ocean Side Lagoon Side
Shallow
Deep Wgter Wave Water wave
Wind Direction SwW W W
Wind Speed. (m/sec) 23.5 23.3 15.1
Before Wave Height Hy.y,3(m) 6.1 6.1 1.14
Breaking Period T (sec) 9.3 9.3 4.1
Wave Height =~ Hj/3x (m) 0.70 0.66 0.46
Period T {sec) 9.3 9.3 4.1
After Setup A (m) 0.7 0.69 0.08
Breakin
9 Tide Level {m) 1.8 1.8 1.8
Water Level {DL + m) +2.50 +2.49 +1.88
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{ii) In case of passing over the reef without bréaking
The wave height at the probosed causeway, attenuated by a friction
loss, was estimated on the condition that. .the wave of 1imiting
heiqht:passes_oéer reef edge ﬁithout breaking. Caiculation.of the
limiting Wavé height was made based on the method proposed by
Bredtschneider and Reid in "Shoxe Protection Manual, Volume T,
Usa" for the foilowing 3 cases;:

- Deep water wave to reach the ocean side of the causeway
- Deep water wave to reach the lagoon side of the causeway through
Betio port

- Shallow water wave which occurs in the lagoon and reaches the

lagoon side of the causeway

The detailed calculation is described in the subsequent pages,
the results of which are summarized bélow: It is to be noted the

same attenuation distance as explained in (i) above was used in

calculation.
Table~6
Ccean . : ‘3
; e
side Lagoon Sid

— b “ t. @ Shallow

Kind of wave : _ Deep Watexr Wave | water wave
Before . :

¢ . t H 1.01 - 3.27 : i1.01
9ttenuat10n wave Heigh _1/3 (m)
by FrlctlQn Perio_d T (SEC) 9_3 9.3 ) 4'1
Loss : i '
After ’

_ ; L4 LA9% 0.52
Attenuation wave Height Iy, 3 (m) | 0.42 | 0.49 o
by Friction Period T (sec) 2.3 9.3 _ 4.1
Loss ) ]

* This wave is dumped by the friction loss and then attenuated

by shallow reef as it propagates.
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{6) Design Wave

Based on all the results of thé'above studies, it was determined to

use the waves shown in the table below for the design of the Project.

Table~7
. Wave periog || Water
Height {gec) . Level
{m) (DL + m)
Deep Water Wave - : . :
. 9.3 DL + 2.5
Ocean Side . (SW) 070 QO
With Deep Water Wave
o . . : .60 9.3 DL + 2.490
Breaking Lagoon Side (NW) 0.6 E :
Shallow Water Wave
R . 4.1 RL + 1.880
Lagoon Side (M) 0.46
Deep Water Wave . .
. L + 1.8
Ocean Side “{SW) 0.42 9.3 .D 00
Wlthogt Deep Water Wave 0.49 9.3 DL + 1.800
Breaking Lagoon Side (W) :
. ' Shalliow Water Wave
i . 4.1 L + 1.800
Lagoon Side Ny 0.52 P
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PROBABILITY ANALYSIS ON WIND VELOCITY

Piobability analysis is made based on the following:’
a) Appliéd Method

- Gumbel’s Method in deriving the frequency curve

b) Wind Direction
- North
— North West
- South West
~ South
- Soﬁth East
- A1l Direction

' The results are shown in +the éucceeding pages together with

the annual maximum wind velocity records.
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(1) NORTH
PLOTTING POSITION B T T
STATION s KIRIPATI, YARAWA .
REGION i BETIC=BAIRIKI -
DISTRICT : ; PACIFIC_QCFAN e
ALTITUDE OF STATION & 35.0 METERS B
“RIND OF RECORD 3 WIND FORCE ¢ N )
PFRIOD OF RECORD - 7 11 YEARS
* RUWBER OF SAHPLES H 11 B
MO, WIND HAZEN . THOMAS -
VELOCITY » : '
1 6594 . 049545 0.5167
2 6.94 - Da3636 0,833
3 6.9_1# 00112? DO?SQO .
k. 5.94 0.6818 0V.6667
5 6.94 - Di5909 0.S5E33 o
& 9.77 - 0.5000 0.5C00
7 9.77 . 0.4091 . D.4167
8 SaT7 0.2182 £.1333
-9 9.77 (.2273 ‘0.2500 I
10 9,77 0.1364 C.1667
1 12.40 0.0455 L.0823
CALCULATION HETHGD FGUMBEL METHOD B T

STATIbN

KIRIBATI. TARAWA

REGION ; BETIO-BAIRIKI
DISTRICT . .3 PACIFIC OCEAN
ALTITUDE OF STATIGN 7 35.0. - METERS
- KIND OF RECORD ; WIND FORCE ( N )
PERIOD OF RECORD "5 11 1EARS :
T{TY NUMEER OF SAMPLES H 17
T RETURN EXCESS VARIABLE WIND '
PERIOD PROG. : VELOCITY
- 1.01 0.9901 =1.5293 4 .930
T1.50 0.6887 . ~u.0940 7.629
T2 0.5000.% 043665 84495 - S
5 - 042000 144999 16,625
10. 0.1000 242504 ~12.036
2G. 0.0500 2.9702 13,389
"33, - 0.0333 3.3843 144168
Ce G.3250 3.6762 14,717
50, S 0.0200_ 3.%019 154141 . . ~
80, 0.0125 4 3757 TTi6.0%2°
100, G.010Q0 4,600 18,454 o
200, 0.0059 54,2958 17.761
NOTE : FORMU;A_OF PRESUMPTION — I

X=20+{1/A)*VARIABLE

X0

P

748086

17A

1.830
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1BETI0-BAERIKI

parcent -

Frequeney

In

Statien SKIRIIATI. TARAWA Re_qlon
Distriat sPACIFIC OCEAN Altitude of Statlion 335.0 MHotars
Kind of Reaord :WIND FORCE ¢ N )
Perlad of Regerd 11 YEARS
10000 g.01
1000 | 0.1
k-l
“~
L]
o
9
=
= 100 1
-
= 50 2
[
<
ﬂb /
'S 20 l 9
[
3
L 10 10
o ;
5 4 29
? 30
f‘ 40
2 o 50
j' 50
‘i‘ 74
P 90
1.05 l 9%
1.01 99
1.001 99.9
2 22 42 b2 32 102 122

BETIO~BAIRIKI CAUSEWAY*FISHERIES CHANNEL

FREQUENCY

CURVE
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PLOTTING POSITION

o T e s O 4D

STATION ; KIRIBAT1. TARAMA
REGION 7 BETIO-BAIRIKI
BISTRICT > PACIFIC OCEAM
ALTITUDE OF STATION ¢ 35.0 METERS
- KIND OF RECORD ; WIND VELOCITY (NW)
PERIOD OF RECORD : 11 YEARS
* NUMBER OF SAMPLES ; LR ]
NO« YIND HAZEN THOMAS
VELOCITY
1 ba%4  0.9545 0.9167
2 6494 0.8636  D.B333
3 6294 0.7727 0.7500
A £.94 0.6818 0.6667
© 5 Q.77 0.520% 0.5833
6 R.T7 0.5000 0.5000
7 12.60 00,4091 0.4167
3 12,60 0.3182 0.3333
.9 12.40 0.2273 0.2500
10 12460 0.1364 0.1667
11 19.04 0.0455 _ 0.083% N
CALCULATION METHOD TIGUMBEL METHOD
STATION 7 KIRIBAT1, TARAWA
"REGION ; BETIO~BATRIKI
DISTRICT PACIFIC OCEAN
ALTITUDE OF STATION I5.0 METERS

welwE Wl we

KIND OF RECORD WIND VELOCITY (NW)
PERIOD COF RECORD 71 YEARS
(1) NUMBER OF SAMPLES ; 11 -
RETURN EXCESS VARIABLE WIND
PERIOD PROB, ' VELOCITY
1.01 D.92901% «“1,5293 3.081
1.50 0.6667 -0,0940 B.411
2 0.5000 0.3665 10.121
56 0.2000 1:4999 14.330
10, 0.1000 2.2504 17,117
20, 0.0500 2.9702 19.7%0
30, - 40333 2.3843 21.328
£0. 0,0250 3.6762 22,412
50. 0,0200 3.9019 23.251
80, 0.0125 4.3757 25.010
. 100, 0.0100 4 .6001 25.843
200. 0.GG50 3.2958 28,427

NOTE = FORMULA OF PRESUMPTION

A=X0+(1/A)Y=VARIABLE
I x0__= 84760
1/A = 3,714
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$BETI0-BAIRIXI

Féoquanoy

parocaent

I'n

Station iKIRIBATT., TARAWA Roglon
Distriot sPACIFIGC QCEAN Altitudes af Statlon :35.0 Hatars
Kind of Raocoard WIND VELOCITY (NW)
Period of Rocord YEARS
10000 o.01
1000 0.1
[’
e
[
L]
P
~ 100 1
: /
o
< 50 / 2
o
> /
= 20 5
‘- L
hs |
o 14 10
o
a/
8 i 20
30
JJ 40
2 S0
E b0
.5 70
1.25 f 8G
e 90
1.05 ] 95
1.01 9
1.001 - 99.9
.2 22 42 62 82 102 122

BETIO-BAIRIK] CAUSEWAY-FISHERIES CHANNEL

F

.

ige—

2

FREQUENCY

CURVE
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(3) SouTH wEsT

TTPLOTTING POSITION T

T by T W N A L oy

STATICH

7 KIRIBATL, TARAMA
REGIOK ; BETIO-BAIRIKI
DISTRILT i PACIFIC DCEAN
ALTITUDE OF STATION & 35,0 T METERS B
KIND QF RECORD ; WIND FORCE £ 5W ) :
PERIOCD . OF RECORD H 7 YEARS
* NUMBER OF SAMPLES ; 7 T

NO, WIND RAZEN TYHORAS
VELOCITY : _

12,40 0,357 0.3750

15.69 0.2143 0.2500
15.69 0.0714 0.1250

CALCULATION METHOD SGUMBEL METHOD

STATION ; KIRIBATI., TARAWA
REGION ; BETIO-BAIKIK]
DISTRICT ) ; PACIFIC OCEAN
ALTITUDE OF STATION - 35.0C - METERS
KIND OF RECORD ; WIND FOREE { 5W )
PERIGD QF RECORD s 7 YEARS
"TC1) NUMBER OF SAMPLES H 7
RETURN EXCESS VARIASBLE WIND
PERICD PROB ., VELOLITY
1.01 0.9901 ~145293 bubh21 L
1.56 0.6667 -0.0940 9459
2. 0.5000 0.3665 11.075
S 0.2000 1.4999 15053
10, 0.1000 2.2504 17.686
20, 0.0500 2.970e 2h.212
33, 0.0333 3.3343 27.666 -
43, 0.0250 31,6762 22.690 o
50. £.0200 3.9019 3.482 .
30, 0,0125 4.3757 25.145
100, 4.01C0 &, 6001 25.933
204, - 0.0050 5.2958 28.374

- - T 50 T WY D M A T W D o Y W - .

X=X0+(1/A)Y*VARIAELE

-0

- ) X0

9.78
/A 3.
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Altitude of Statlon
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: ' Appendix
T TPLOTTING POSITION Tt T T T T
STATION i KIRIRATL, VARAWA
REGION ; BETIO=BAIRIKI
L bISTRICTY . .. i PACIFIC _OCEAN__ ) o L
) ALTITUDE OF STATION 5.0 METERS T
KIND OF RECORD ;: MIND FORCE ¢ § )
PER1OD OF RECORD 3
* NUMBER OF SAMPLES : 11
NO, WIND HAZEN THOMAS
VELOCITY
1 4,37 0.7545 0.7167
2 5.00 0.8636 0.83533
3 B4 0.7727 g.7300_
A 6eh 0.,6818 0.6667
5 694 0.590% D.5823
6. 6.94 0.5C00 5.,5000
7 6.94 0.4091 C.b6167
8 694 0.3182 0.7333
9 9,77 0.2273 0.2530 B
10 9.77 0.1364 0.1667
1] 12.60 0.0455 0.0823
T TTTTTEALCULATION METHOD JGUMBEL METHOD
STATION J KIRIBATI, TARAWA
REGION ; BETIO-BAIRIKI
BISTRICT ; PACIFIC OCEAN _
ALTITUDE QfF STATION 25.0 ®ETERS
KIND OF RECORD ; WIND FORCE _( S )
PERIOD OF RECORD ;
T (1) NUKFER OF SAMPLES H 11
T RETURNT EXCESSS VARIABLE WIND
PERIOD PROS .« VELOCITY
1.01 0.99G1 -1.5293 2.907
Ut T T4 53 T 0L.6667  =0,0940 5.290
Z. 0.3000 03665 7257
T T T T e T T T gL 2000 1.4999 9.858
16. - C.1000 2.2504 11.580
T 20, G.0500 2.9702 13.232
30U 0.0%3% 3.3843 14.182
. T ey 0.3250 3.6762 14,852
5. 0.9260 _ 3.9C19 15.370
. T T BL. T T0a.0125 w2757 16,457
10G., 0,000 4.6001 16.972
T T 20G. | 0.0050 5.2953 18,562

NOTE : rokNULn OF _PRESUMPTION __ _

_X=X0+(1/A)*VARIABLE

X0 = 6.416
174 = 2,295
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{5) SOUTH EAST Appendix 4-2 (10)
FLOTTING POSITION ) -
STATION : KIRIPATI, TARAWA i o
REGION ; BETIO=-BAIRIKI
PISTRICT - 3 PACIFIC QCEAN o
ALTITUDE OF STATION 3 35.0 METERS
KIMD OF RECORD ; WIND FORCE __( SE€ )
PERIOD OF RECORD ; 11 YEARS
* NUMBER OF SAMPLES ; 1"
NO, WIND HAZEN THOMAS
VELOCITY
1 9,77 0.9545 N.0167 5
2 9.77 0.3636 5,22123
3 9,77 D.7727 D.7500 e
4 G.77 0.6818 00,8667
5 9,77 0.590% 0.5233
3 9.77 0.5000 0.5000
7 9,77 0.4091 Bu4167
8 12.69 0.3182 0.3333
9 12.60G 0.2273 ¢.2500 .
10 12.60 0.1364 L1667
11 12..60 0.0455 0.0833
CALCULATION METHOD +GUMBEL METHOD
STATION ; KIRIBATIL, TARAMA
REGION ; BETIOD=BAIRIKI
DISTRICT ; PACIFIC OCEAN o
ALTITUBE OF STATION : 350 METERS
KIND OF RECORD s WIND FORCE ( SE D .
PERIOD OF RECORD s 11 YEARS
(1) NUMPER OF SAMPLES ; 11
RETURN EXCESS VARIABLE WiND
PERIOD PROB » VELOCITY
1.01 0.9901 ~1.5293 _ 7949
1&5:3 03666? ‘690940 95968
Ze 0.5000 06,3665 10,616 e
5. '0.2000 1.4596 12,218
10, 0.1000 2.2504 13.265
2C. §.0500 2.9702 16,278
30, 0,0%33 3.3842 T 14,860 L
40, 0.0250 3.6762 15.271
5C.  D.D200___3.701%9 358538
"""""" 83 0.0125 4.3757 162254
100. 0.0100 4,6601 16,570
200, 0.0050 5.2958 17.543

NOTE : FORMULA OF PRESUMPTION

=X0+{1/4)+*VARIABLE —

X0

3 10106 o
174 -

1.406

Hn
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PLOTTING POSITION

(6) ALL DIRECTION . L Appendix O (12)
STATION ; XIRIBAT1., TARAWA
REGION i BETIO=-BAIRIKY
DISTRICT 7 PACIFIC OCEAN
ALTITUDE OF STATION 7 5.0 METERS
_ . 3 - KIND OF RECORD / WIND VELOCITY C(ALL)
PERIOD OF RECOROD ;33 YEARS
* NUMBER OF SAMPLES ; 33
NO. - WIHND HAZEN THOMAS
o . VELOCITY

1 Ba36 0.98438 0.9706
2 8436 0.9545 0.9412
3 8.36 | 049242  0.9118
4 Ba36 048979 0.3824
5 9.77 0.8636 0.8529
é 9.77 0.8333 0.3235
7 9.77 0.2030 0.7941
8 9,77 0.7727 0.7647
9 Gu?? 0.7424 0.7353

10 9.77 0.7121 0.7059
o k| 9.77 0.6818 0.6765
12 12460 046515 0.6471
_ e 13 12.60 Q.6212 06176
14 1240 0.5909 0.5382
o 15 12.60 0.5606 0.5588
16 12,60 0.5303 0.5294
1T 14415 0.5000 0.5000
18 14,15 De4697 0.4706
e, 19 14.15 0a463%4 0abb12
20 14,15 0.4091 0.4118
e 21 14415 0.3788 0.3824
22 15469 043485 0.3529
23 15.49 0.3182 0.3235
24 15.6% 0.2879 0.2941
e 25 15.69 0.2576 0.2647
26 15.69 0.2273 0.2353
— 27 154569 0.1970 0.2059
23 15.469 0.1667 0.1765
_..2%9 . . 19.03 01364 01471
30 19.03 041081 0.1176
T 1 19.03 0.0758 G.0882
32 19.03 U.D455 0.0588
33 19.04 0.0152 0.0294
S ‘CALCULATION METHOD JGUMBEL METHOD
 STATION ; KIRIBAT1., TARAWA
- - REGION ; BETI10-8AIRIXI
BISTRICT i PACIFIC OCEAN
T T ALTITUDE OF STATIGR ; 35.0 METERS
___KIND OF RECORD ;O WIND VELGCITY (ALLD
PERIOD OF RECORD H 33 YEARS
- "7 {1) HUMBER OF SAMPLES ;33
T T RETURN EXCESS VARIABLE WIND
' PERLIOD PROB . VELOCITY
1.01 B.9901 =1.5293 64977
T 1.50 0.6667 ~0.0940 11.401
2. 0.5000 0.3665 12.820
i ' 5e 0.2000 . 1.4999 16.313
10. 0.1000 2.2504 18.626
T 20. $.0500 2.9702 20.844
30, 0.0333 3.3843 22.121
40. 0.0250 T.6762 23.020
50. 0,0200 3.9019 23.716
80, 0,0125 643757 25.176
100. 0.0100 4.4001 25.868
T T 200. 0.0050 5.2958 28,012
) MOTE : FORMULA OF PRESUMPTION
X=X0+(1/A)*VARIABLE
xQ = 11.691
i 1/ = 3.082
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CALCULATION OF WAVE TRANSFORMATION OF BREAKING WAVES

{1) Deep Water Wave (SW-direction, Ocean Side)

Significant wave height: H) = 6.1 m
~ (SW & NW, Return period = 50 years)

Period: T = 9.3 sec

- Sea bobtom slope (at reef tip): tand = 1/10

M.H.W.S = DL + 1.800 m

— Sea bed elevation: h = DL + 0,500 (average)

|

Distance between the tip of reef and causeway: x = 400 m

Calculation is made using Takayama's Method and-tabulated:in the

following.
Expression Value
Lo 1.56 12 134.9 m
H,/Lo 6.1/134.9 ' 0.045
ho M.H.W.S ~ h 1.300 m
ho/H, 1.300/6.1 0.213
B o 0.028 (Hy/Lo)~0+38 oyp (20 tandg 1-5) 0.171
A1 0.52 exp (4.2 tané ) 0.791
B max | Max (0.92, 0.32 (H)/Lo)"?-29 exp (2.4 tanf )) | 1.000
H 1/3 x=0 Min ((Po-Hé +-P1-ho), Fmax He, K8 Ho) 2.071 m
H 1/3 x=o/gt | 2.071/6.1 0.340
Poopiy | 1107 224 ot "hamtom Seus and Destgn of |,
Co (__H“__”Zx=£;16+ h°)2 + %-p-(ﬁ%‘fﬂ)z, wheref = 0.56 | 0.110
Zotto 1/_’7%(3_‘“ where of = 0.33 0.325
o L+ gphs
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Expression Value
B H 1{% X=0 ol ho t:ﬂa 0.233
HO _ HO
Eullzjﬁiigg B exp {-0.05 ﬁ% +_d.h° ﬁ bad 0.116
Hy ©
Yave Height
H 1/3 x=400 0.116 x 6.1 0.70 m
7 x=400/H, N/_Co . p(——lﬁéuﬁiig—) ~ ho/H,, 0.114
Wave Set-up
= . 0.
sz:4OO 0.114 x 6.1 70 m

(2) Deep Water Wave (NW-direction, Lagoon Side)

a) Wave Breaking at Lagoon Tip
- Significant wave height: Hp = 6.1 m
(MW, return period = 50 years)
-~ Period: T = 9;3 sec
~ Sea bottom slope (at lagoon tip): +tand = 1/30
- Sea bed elevation = DL - 6.200 (Lagoﬁn tip)
- Distance between the tip of lagoon and reef: x = IO,OOOIm
Expression Value
Lo 1.56 T2 134.9 m.
Ho/Lo 6.1/134.9 0.045
ho M.H.W.53 - h '‘8.000m
ho/Hg 8.0/6.1 1.311
Bo 0,028 (H4/L0)~038 oxp (20 tan 1:3) 0.158
P 1 0.52 exp (4.2 tan ) 0.598
{ max Max (0.92, 0.32 (Ho/Lo)=0-29 exp (2.4 tan )) | 0.920
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Lxpression Value
H 1/3 x=o Min ((fo-Hy + f1-ho), fmax HQ, KS - Ho) 5.612m
H 1/3 x=o0 5.612/6.1 ' 0.920
N FIG. 3-24 of "Handom Seas and De81gn of
M x=o/Hg Maritime Structures” 0.018
. _; 1 2 - 2
Co (13'“2'—,4;"}-0-) + 2'(5'(ILI—];Z-3,-X_()) s where(!: G.56 | 1.944
HO 8 HO
T b / CBO where ¢ = 0.33 1.379
. e = . .
H;‘ | l-kgpd2 ’. .
| H1/3 x= 7
B /3' xso _ 4 ho +I7Zoo 0.465
HY H
H 1/3 x=10,000 - 7
[3 x: B exp (-0.05 =) +d-1-’3i',1'9 0.455
HO . . Ho- HO
Wave Height 0.4 6
H 1/3 x=10,000 | °-*°% ¥ 6-1 2.77 m
5 =10,000/H. _\/CO - 2 p B0 %=10,00002 4y 0.068
X 8 H
Wave Set-up '
n,=10,000 0.068 x 6.1 0.41 m
b) Wave Breaking at Reef Tip
- Significant wave height: Hj) =2.77 m
— Pericd: T = 9.3 sec
- H.W.I, = DL+ 1.8 + 0.41 = DL + 2.21
-~ Sea bottom slope (at reef tip): tanh = 1/20
~ Sea bed elevation = DL + 0.500
— Distance between the tip of reef and causeway: x = 300 m
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Expression Value
Lo 1.56 12 134.9m .
Ho/To 2.71/134.9 0.020
ho H.W.L - h 1.7 m
ho/H, 1.71/2.77 0.617
Bo 0.028 (Hy/Lo)=0-38 exp (20 tand *-3) 0.155
Fl 0.52 exp (4.2 tan ) 0.642
3 max Max (0.92, 0.32 (Ho/Lo)™0:29 exp (2.4 tanfd )) | 1.122
H1/3 x=0 Min ({(fo-He + Fl-ho), max Hy, XS-Hp) 1.527m
H 1/3 x=o/H] 1.527/2.77 0.551
S FIG. 3-24 of "Random Seas and Design of
7lx_o/Ho Maritime Structures” 0.065
s 2 H 1/3 x=0,2
co (lazo + hoy2 3 g HI/0 x20)7  oi0B 0,56 0.529
Ho 8 Ho :
in+ ho 030 where ({ = 0.33 0.71
H{‘) 1 + .S_pdz H = . .T19
H 1/3 x=o ho + Tae -
B . - 0.
= o o 314
e 00 A
H1/3 x=300 | 5 0 (L0.05 ) 4o 2ot T 0.239
Ho H() : Ho
Wave Height :
H 1/3 x=300 | ©-23% x2.77 0.66m
N 5 ,
7x=300/H} f{]o -2 pE L2300 220002  ho/Hy 0.102
[+
Wave Set-up | 4 100 x 2.77 0.28 m

;;l #*=300
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(3) Shallow Water Wave (N-direction, Lagoon Side)

i

Period:

Sea bottom slope (at veef tip):

Distance between reef tip and causeway:

Significant wave height: H, = 1.14 m

(N-direction, return period = 50 years)

T = 4.1 sec

tand = 1/20

Sea bed elevation = DL 4 0.500

x = 300 m

Expression Value
Lo 1.56 T2 26.22m
Ho/Lo 1.14/26.22 0.043
ho M.HW.S - h 1.300m
ho/H 1.300/1.14 _ 1.140
o 0.028 (Ho/L0)=0-38 oxp (20 tans 1-3) 0.116
f1 0.52 exp (4.2 tané8) 0.642
f max Max (0.92, 0.32 (Hy/Lo)—0-29 exp (2.4 tanf )) | 0.920
H1/3 x=o0 Min ({(fo Hy + 1 he), max HY, K5 Hy) 0.967m
H1/3 x=o/m! | 0.967/1.14 0.848
ot el FIG. 3-24 of "Random Seas and Design of
"ZX—O/HO Maritime Structures” 0.025
;ZXEO + ho 2 3 H 1/3 X=0 2
Co (T) + g-(&-(—m—}i—‘——--—) , where = 0.56] 1.508.
7ot ho —Co
3,,2 , where ({ = 0.33 1.214
Hcl> 1 + §Pd
B H1/3 x=0 _ ho + % 0.447
H1/3 l}::300 B exp (-0.05 _xT_) + o ho -i; T 0.4006
HO . HO : HO
Wave Height
0. 1.14 0.46 m
H 1/3 =300 4006 x 1.1
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CALCULATION OF WAVE DECAY IN CASE OF NON-BREAKING WAVES .

Calculation is made based on "SHORE FROTECTION MANUAL Volume I* adopted'
by U.S. Army.

(1) WAVE DECAY FOR DEEP WATER WAVE (Ocean Side)

Water level: DL + 1.800

— Sea bed elevation: DL + 0.500 (reef average)
- Weter depth: d = 1.8 - 0.5 = 1.3 m = 4.265 ft

— Friction factor: Ff = 0.03. (assumed)

|

- Maximum stable wave height: Hi = 4.265 x 0.78 = 3.327 ft

- Wave period: T = 9.3 sec

- Distance related to friction loss: ax = 400 m = 1,312 ft

Ff-Hi-ax _ 0.03 x 3.327 x 1,312
R 4.2652

= 7.199

2fd 2 x T x 4,265
g™ 32.2 x 9.3%

= 0.,00962

From Figure 3-24 in the MANUAL, Kf is obtained as 0.41.

Hp = KE-Hi = 0.41 x 3.327 = 1.364 £$
0.42 m {wave height)

1f

(2) WAVE DECAY FOR DEEP WATER WAVE (Lagoon Side)
a) Priction Loss on Lagoon

Water level: DL + 1.800

!

Sea bed elevation: DL - 2.4

!

Water depth: d =1.8 + 2.4 = 4.2 m = 13.3800 £%

Friction factor: Ff = 0.03 (assumed)

Maximum stable wave height: Hi = 13.8 x 0.78 = 10.764 7%

Wave period: T = 9.3 sec (NW-direction)
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— Distance: & x = 10,000 m = 32,809 f+

- Averaged water depth = 8.0 m = 26.248 4

Ff-Hi.-ax 0.03 x 10.764 x 32,809

= = 15.378
d2 26,2482
. 2 ) '
27 g _ 2 xT x 26,248 _ 0.059
g-T 32.2 x 9.32
Kf = 0.3

HT = 0.3 x 10.764 = 3.229 ft = 0.98 m

b) TPriction Loss on Reef
- Water level: DL + 1.800
~ Sea bed elevation: DL + 0.500 (reef average)
~ Water depth: d = 1.8 - 0.5 = 1.3 m = 4.265 £t
- Friction factor: Ff = 0.03 (assumed)
- Wave height: Hi = 0.98 m = 3.229 f4t
— Wave period: T = 9.3 sec |

~ Distance: ax = 300 m = 984.3 %

Ff-Hi-ax _ 0.03 x 3.229 x 984.3
a2 4.2652

= 5.242

2R.d 2 x T x 4.265
g-T2 32.2 x 9.32

= 0.00%62

Kf = 0.5

il

0.5 'x 3.229 = 1.615 ft = 0.49 m (Wave height)

Hp

WAVE DECAY FOR SHALLOW WATER WAVE (Lagoon Side, N-direction)

H

Water level: DL + 1.800
- Sea bed elevation: DI, + 0,500 (reef average)

- Water depth: d =1.8 - 0.5 = 1.3 m = 4.265 ft

Priction factor: Ff = 0.03 (assumed)
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~ Maximum stable wave height: Hi = 4.265 x. 0.78 = 3.327 £%
~ Wave period: T = 4.1 sec
- Distance related.to friction loss: aXx = 300 m—='984;3 £t

PfHi-ax  0.03 x 3.327 x 984.3 _ 5 .09
42 4.2652 o

2md 2 x W x 4.263
g T2 32.2 x 4.12

= 0.049%

Kf = 0.51

‘Hp = 0.51 x 3.327 = 1.697 £t = 0.52 m (Wave height)
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CALCULATION OF TIDAL FLOW BETWEEN BETIO AND BAIRIKI

1. Tidal flow in the straight between the island of Betio and the
island of Bairiki. '
1-1 Objective
This study aims to analyze tidal flow in the straight between the
island of Betio and the island of Bairiki in connection with construce-
tion of the causeway. - ‘
1-2 -Calculation formula

Foilowing eguations for non-uniform flow will be adopted.

2 202
Y Nu<Q< 1lu
=Z + H +
® 2gA2 2R4/342
_ . 2 242
0 Nd°Q° 14
& =7+ H+ & = -
= 2gA2 2R4/342

where; : flow bed height

flow depth

: coefficient of energy
discharge

: acceleration of gravity

flow area

distance between sections

Z = RO O @I N

: coefficient of roughness

lu, Nu : valves of N and 1 at upstream section from
cerbain section

1d, Nd : wvalves of N and 1 at downstream section from
' certain section

1-3 Input Data
(l) Location and profiles of sections are shown in Fig. 1 and Fig. 2

respectively.

(2} Water level and flow velocity are shown in Fig. 3. Flow velocities
are those observed this time, while water levels are those of tidal

level forecast at Betio harbour.
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1-4 Order of Calculation

(1} To estimate water levéls at Sec., A-A' in the ocean side and at
Sec. E-E' in the lagoon side, and then a diffefence,betweénfthose

water levels. {Refer to Table-1)

{2) To estimate inflow and oubtflow in the existing condition.

{Refer to Table—2 and =3)

(3} To estimate velocity and discharge of flow in the fishery channel.

(Reéfer to Table—4 and -3)

(4} To estimate inflow and outflow after com?létibﬁ of éﬁuseﬁdy.

(Refer to Table-6 and ~7)

i-5 Results

Tidal inflow and outflow before and after completion of causeway.

(Refer to Table-8)
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Logation of Sections

Fig. 1~
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Fig. 3 Tidal Curve at Betio
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COMPARISON OF LOADING SPECIFICATIONS FOR HIGHWAY BRIDGES
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Appendix 4-7

ESTIMATION OF EARTHQUAKE LOAD

The following equation quoted from "Design Manual for Seismic Design"
adopted by JRA, which shows good coincidence in case of long epicentral
distance, is selected for estimating the ground acceleration caused by

past earthquakes.

A= 40.3 X 10

it

where: A = estimated maximum ground acceleration in % of g

magnitude of earthquake

d = epicentral distance in km

Past earthquake records and induced ground acceleration in Tarawa

Island (01921'N, 172956'E) are summerised hereunder.

TABLE-1 PAST EARTHQUAKES AND INDUCED GROUND ACCELERATION

Occurence Epicentre

No - d A

Year Month Date | Latitude Longitude Depth Magnitude| km | %g
1 11982 1 71 3.48 177.6 E 33 km 5.8 M |739 {.0.4
> 1982 5 23 3.4 8 177.4E 32 km 6.1 M |[724 |0.5
3 | 1983 1 31 3.5 8 177.7.E 31 knm 5.8 M [755 |0.4
4 11983 2 5 1 3.58 177.8 E 33 km 5.8 M. |763 |0.4
5 | 1983 3 8 3.58 177.6 E 33 km 5.8 M {747 |0.4

(Source of past earthquakes: "Chronological Table in Science™

published by Marzen, Japan)



Appendix 4-8 (1)

CALCULATION OF WAVE RUNUP

Wave runup is calculated by means of the following formula:

= (J g% + (%%f-— 1)) - Ks
3 1 )

H
1+ T[-E%%coth kh ¢ (1 + 5 - 5
4 sinh %Xh 4 cos h kb

e

=
[

=
pad
i

where, R : Wave runup {m)
' ] : Wave height (m)
Ho : Eguivalent deep water height {(m)

® : Slope angle (radian)

'QS.: Wave runup for vertical wall (m)

h : Water depth (m) _

Lo : Wave length (m} = 1.56 - T2; T: Period {sec)
21T h

k = Lo

In this calculation, the following type of waves are taken into considera-
tion, and the resnlts are summarized in the succeeding pages.
(1) Shallow Water Wave
(i) Lagoon Side, Wind = N-direction
- bresking wave {return period = 50 years)

Hy = 0.46'm
T = 4.1 sec

— non-breaking wave
Hy = 0.52m
T = 4.1 sec
(2) Deep Water Wave
(i) Ocean Side, Wind = SW-direction
- bresking wave (return period = 50 years)

Hy
T

0.70 m

i

i

9.3 sec
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- non-~breaking wave

0.42 m

[

Hy

T 9.3 sec

(ii) Lagoon Side, Wind = NW-direction

—~ breaking wave {return period = 50 years)
H].' = 0.66 n
T = 9,3 ssc

- non-breaking wave

G.49 m .
9.3 sec

Hy
T

1l

ol
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o DL +y

TABLE~1 WAVE RUNUP FOR SHALLOW WATER WAVE
(Lagqqn Side, N-direction)
DESCRIPTION ' BREAKTNG NON-BREAKING

 Hy (Return period = 50 years) 0.46 ﬁ'_ 0.52 m
T do- ) - 4.1 sec 4.1 sec
Lo = 1.56 . T2 26.224 m 26.224 m
. Seabed elevation DL + 0.500 DL + 0.500

Wﬂterzlevel‘ DL + 1.880 - bL: + 1.800
‘R 1.380 m 1.300 m
h/Lo | 0.053 0.0496
Ks . (Wiegel's Table) 1.013 1.026

sin h kh { do. ) 0.6499 0.6189
" cos h kh { do. 13 1.1926 1.1760
cat h kh 1.835 1.900

Ns/m, 1.263 1.328

Elevation of parapet top DL + 3.800 BL + 3.800
RL +y DL + 1.190 DL + 1.020

d=3.8-y 2.610 m 2.780 m_

¢ 3.165 m 3.420 m

8 = tan ™" (a/f) 39.5° 39.1°

Ho' 0.45 m 0.51 m
R/Ho! 1.80 1.89

R 0.81 m 0.96 m

Elevation of runup (50 years) DL + 2.69 m DL + 2.76 m

Para el
v Olsza00
¥ DL +3.300
LA

¢ DL.+0.500
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TABLE -2 WAVE RUNUP TOR DEEP WATER WAVE-1l

(Ocean Side,:SWfdirection)

Elevation of runup (50 years)

DESCRIPTION BREAKING - NON-BREAKTNG
‘H1 (Return period = 50 years) - 0.70 m 0.42 m
T { dé, ) 9.3 sec 9.3 sec
Lo = 1.56 . T2 134.9 m 1349 m
Seabed elevabion DL + 0.500 DL+ 0.500
Water level DL + 2.500 DL + 1.800
h 2.000 m 1.300m
h/Lo 0.015 0.0096
Ks (Weigel's Table) 1.3070 1.4480
sin h kh ( do. ) 0.3170 0.2507
cos h kh { do. ) 1.049 1.0309
cot h kh 3.309 4.112
Ms/my 1.449 1.510
Elevation of parapet top DL + 3.800 DL + 3.800
RL + y DL + 1,450 DL + 1.170
4 =3.8 -y 2.35 .m 2.630 m
{ 2.775 m 2.745 m
8 = tan™¥ (a/f) 40.3° 43,89
Ho! 0.53 m 0.29 m
R/Ho' 2,45 2.81
R 1.30 m 0.82 m
DL + 3.80 m DL + 2.62 m

v DL+ 3800
y_DPL +3.300

i vaL.-!-;.f
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TABLE 3 WAVE RUNUP FOR DEEP WATER WAVE-2
.(Lagdbn Side, NW-direction)
 DESCRIPTION BREAKING NON-BREAKTNG
Hy (Return period = 50 years) 0.66 m 0.49 m
T ‘do. ) 9.3 sec 9.3 sec
Lo = 1,56 . T2 134.9 m 134.9 m
Seabed elevation DL + 0.500 DL+ 0.500
Water level DI + 2.490 DL + 1.800
h 1.99 m 1.30 m
h/Lo 0.015 0.0096
Ks (Wiegel's Table) 1.3070 1.4480
sinhkh ( do. ) 0.3170 0.2507
cos h kh ( do. ) 1.049 1.0309
cot h kh 3.309 4.112
s/ 1.449 1,510
Elevation of parapet top BL + 3.800 DL + 3.800
RL + y DL + 1.500 DL + 1.065
ad=3.8-y 2.30 m 2.735 m
{ 2.70 m 3.353 m
6 = tan L (a/f) 40.40 39.20
Ho' 0.50 m 0.34 m
R/Ho' 2.44 2.93
R 1.22 m 1.00 m
Elevation of runup (50 years) DL + 3.7l m DL + 2.80 m
Parapet
- g Bi,+ 3800
g O, +3.300
v A
0L ey =
= JL. 4 0.500
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DESIGN OF FISHERIES CHANNEL

1. Design of Approach Section of the Fisheries Channel from

the Ocean Side
1.1 Design Wave

According to the information obtained about ordinary 6peratiqns
of fishing boats, they have to suspend their operations several days
a year due to bad weather in the sea axea and the wave height seems

to be about 1.8 metre in such bad weéther.

As such, the . design wave for the approach section shall be the

maximum wave height normally encountered during the year.

In the case of a waximum wingd speed of 9.0 metre/sec and wind
_ duration of 40 hours in a year, the wave helght will be 1.8 meters-

with a wave period of 6 second.

1.2 Design Conditions

The elevation of the sea bottom of the approach section of the

channel is D L -3.00 metres as shown in Fig. 1.

Typical cross section of the approach and standard portions

of the fisherieg channel on the ocean gide ave shown in Fig.'2.
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e T D.L +0.2  Ayerage Ground Level
/fﬁig_ ML W +ﬂ36§0 - - ﬂmuf--f’Fu__.ﬁ—f_ T
L e e
/ Entr'ance Approach portion Trqnsn-mrui Stendard portion
/ portion ' portion
20M goMm ggm

129m

Fig. 1 Longitudinal section of the approach section of the channel on the Ocean side

= ML WS FI0g DL + Q.20

v MSL 4+ 034
RS e TN P A
F 3 ~_0L—300 3
! 10.00 1

Cross Section of Approach Portion

Cross Section of Staﬁdard Portion

Fig. Z Profile and Cross Sections of Approach Portion

of Fisheries Channel on Ocean Side
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Fig' 3 Relation between Depth of breaking and
Equivalent deepwater wave height

I /8

NPT [RERENINI R .
2'\:\ R R EEET BB — FERE{RE
RS R (OO G > e
N NNTE IR - E
S UK It s dL <Th
NN o . T
O AN SRR ITINE I I S
NN THTER ) 77777797 B
P T NS '
O N N < TN L H'=K K. H,
T RS A NN L=s/tn T
1.5k I ISR N )
. I | gkt SRETHAI
| ks [EEHEIE
] 1L XTI BiE
i { L1} ] T B
Lo EH{ e S L I B
1 11 ] Hi [Ny 11]
N [ AT FT ebitg
0.402 0.005 0.0 3 0.1 9.2

Fig 4 Helation beiween Bregking wave height and
Equivalent deepwater wave height
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1.3 Breaker depth of Wave

1)

Relation between the depth of ‘breaking and of the breaking wave

height at the beginning point of the apprbach section.

The relation between depth of breaking and the equivalent deepwater
wave.height is shown in Fig. 3, while the relation between the

breaking_wave height and equivalent deepwatexr wave height is shown

in Fig. 4.

The following assumptions are used for the design:

Deepwater wave height Hy = 1.8 m
~ Wave period = 6.0 sec
Wave length : Lg = 1.56 T2.

Il

1.56 x 62 = 56.16 m

In this case, the deepwater wave height'(HO) and eguivalent deep-
water wave heighf (HO') are almost the same when the bottom slope

is not steeper than 1/50,

i.e. . Hp = Hy'
then Ho' :
o= = L8 _ 5 032
Lo 56.16
hy, : _
Ea = 1.53 is given in Fig. 3.

. hp = 1.53 x 1.8 = 2,75

On the other hand, if both sides of the channel are dried up,

tidal currents will flow only within the fisheries channel

‘during low water tide,

Therefore the tidal current speeds will increase and the deep-

water wave height will increase simultaneously due to the abrupt

reductibn.of the channel width.
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The relation between the.wave height at the beginning point of the
approach section (Hof) and the wave height at the ending point of

the approach section (HZ) was calculated as follows (See Fig. 5 below):

Ha
(—) 2
Hy

. _ Bg [68.54
Loy =gy =18 gty s 279w

where: Bg: Width at the beginning point of entrance portion

By

Bl: Width at the ending point of entrance portion

The water depth which does not break the wave height at'H2 {2.7%m) was

changed from Hz to Hy' énd for bottom .slopes is not steeper than 1/50.

»

The breaking depthhof a ane was calculated as follows (refer'ﬁo' Fig. 3):

hy,

e 1.48 m Sohp=1.48x2.79=4.13m

Accordingly, the sea bottom at the beginning point of the approach

section wags determined as shown below:;

Required sea bottom
elevation at Begin-

) Depth of ning point of the

Tide Tidal Elevation Breaking wave Approach Section
MLWS DL + 0,09 4.13 © -4.,04
MSL DL + 0.94 2.75 - -1.81

MHWL DL + 1.80 2475 o - -0.95

T
ho h— e | —

R _pelage W2 qf Vi : No.2
1 ﬂ\ - .
927 woo | s27 1| #, ;
Bis 28.54 o N o s
. & .
N o /
4 i lson N1
gzr | 20.c0 l
' a0 56,54 o

Fig.5 Beginning width and eading width of Appracch of Chamnel
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Deepwater wavae height which does not break was.calculated as
-follows, assuming that the tide at L.W.L. and the deepwater

wave height are 0.80 m,

/BO /68.54
H = H — = . il = .
2 1 X By 0.8 x S8 5a © 1.24

As Hqy ='H3'

ERER Y
Lo ~ 56.16  0-9%2
then by Fig. 3;
hyp '
— =1.63 . i.e. hy=1.63x 1.24 =2.02m
3 _

Here, the wave height attenuation at the approach section of the fisheries

channel was calculated by using'the Bretschneider & Reid Formula, as follows:

Hy 3 FH1A% 2
Kf = ﬁ£.= (1 + %?. Ef' -”;5_.(£L)2 Ks -1
1 : d d T -Sinh3(2“d
L
here, £ : Coefficient of sea bottom friction

Hy: Wave height _

Ax: Distance 6f wave height attenuation
d : Water depth

T : Wave period

Hy: Wave height after attenuation

Fig’ é Relationship for Frictien Loss Over a Bottom of Constant Bepth
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feHibx _ 0.03 x 2,02 x 139 _

5 .88
as - {3.09)
zﬂd - 2 x 3.14 x 3509 = 0.055
gT2 9.8 x (6}
by Fig. 4,
"2 ‘ 0.86 x 1.24 = 1,07
Kf = 0.86 = ETEZ- .. Hz = 0. X 1. = 1, -m

AR 1.24 = 1.07 = .17 m

The attenuation of the deepwater wave (HO')'of'l.S m in height
caused by passing through the approach section of 139 meters

long was calculated as follows:

a) a4 =3.09m £ =139 m at ML WS

feHiAR  0.03 x 2.79 x 139

= 1.218
a2 (3.09)?
2ﬂg _ 2% 3.4 x 3é09 = 0,055
gT 9.8 x (8)
then by Fig. 4:
Hy . '
Kf = (.82 = "ﬁ“g— . H2 = 0.82X 2.79 = 2.29 m
AH = 2,79 - 2,29 = 0.50m
) d=3.94m £=139m in M S L

£goHishx _ 0,03 x 1,80 % 139 _ o 400

a2 (3.94)2
2 . o '
2“2 - X 3.14 = 3294 = 0.070
gT 9.8 x (6)
then by Fig. 4:
Hy .
Kf = 0.93 =18 <u- Hy = 0,93 x1.8= 1.67nm

[
[+
il

1.80 - 1.67 = 0.13 m
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c)] d = 4.80m % = 139 m in M.H.W.S.

feeHi+AX g,
L 03 x 1.8 % 139 o 40

d (4.80)2

2.x 3. . '
and  _ x 3.14 x 4.80 - 0.085

gm? 9.8 x (6)2

then by Fig. 4:
.

2
0.97 = 5

i

Kg S0 Hp = 0,97 x 1.8 = 1,75 m

i

It

AH 1.8 - 1.75 = 0.05 m

The results of these calculations are summerized in Table 1, below:

Table 1. Summary of Calculation Results

in Metre

Design wave Approach - Standaxd

. height . ~ Portion Portion
Tide Tidal Attenunated | Necessar Design
level *1 *2 | water T b ) 8
No. 1 No. 2 depth wave water water
B i . height depth depth
MLWS +0,09] 1.80 2.79 3.09  0.50 2.29 '1.79
MSsS Ly +0.94 1.80 1.80 3.94 0.13 1.67 ' 2.64
MHWS +1,80) .80 = 1.8 4,80 0.05 1.75 3.50

x1 At the béginniﬁg point of the approach section

*2 At the ending point of the approach section

Study result of design condition

" The study result pertaining to the deepwater wave height in the approach
section are summerized in Table 2 at ML WS, MS L and M HW s,

respectively..
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Table 2., Summary of Study'Resﬁlts of Design Conditions

{in Metres)

Dewigh wave, Approach Standard
. height Portion Poxrtion
Tide Tidal e 3 Depth of |Design|Depth of|Design| Remarks
level . 1 breaking|water. |breaking|watexr
No.l | No.2 wave |depth | ‘wave jdepth
MLWS|+0.09 } 1,80 |} 2,79 4,13 3.09 Breaking
: ' i wave
MLWS|+0.00 | 0.80 |1.24 2,02 3.09 1.74 1.79 | Non-
breaking
MsL |+0.94 |1.80 |1.80 | 2.75 | 3.94 | 2.28 | 2.64 | Non-
b breking
MHEWS|+.80 |1.80 [1.80 | 2.75 | 4.80 | 1.67 | 3.50 | Non-’
breaking

#1 At the beginning point of the approach section

%2 At the ending point of the approach section

- Accoxdingly, the deepwater wave héight'(which is higher than 0.8

metré) will breakfwithin the fisheries channel at M L W S.

The required water depth of the approach section was calculated to be

4.13 metre in oxder to keep a wave of 1.8 m heignt {which was used in

design) from breaking in the approach sectidn,-howevef,.such a deep excava~-

tion does not gseem economical.

Therefore, it was assumed as a design

condition that a deepwater wave of 1.8 metre in height will not bieak at

M.S.I, in the approach section,
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2., Design of Approach Section of the Fisheries Channel from Lagoon Side

2.1 besign Wave

The longest fetch in Lagoon side is in the N direction.

The wave height and wave period were calculated by the using

Bretschneider Formula as follows:

~ Wave height at MHW S

Wind speed 8.50 n/s
Effective -fetch 19.1 km
Average water depth 9.8m (S m + 1.8 m)
Tide level +1.8 m
. ) _
gh 9.8 m/sec” x 9.8 m
== - 5 = 1.33
U (8.5 m/s)
5 .
gF _ 9.8 m/sec .3 19,100 m = 2,590.7
g2 (8.5 m/s) 2
gH . 9.8 m/se02 XHm -2
*5-“ 5 = 9.5 x 10
u (8.5 m/s)
: -2 2
) 9.5 x 1072 x 8,52
.. H= 5.8 = 0,70 m
Wave period
T3 = 3.86 Yul/3 = 3.86 v0.70 = 3.23 = 3 sec.
- Wave height at M L W S
Wind Spéed 8.50 m/s
Effective fetch 12,70 km
Average wave depth 8.09 m
Tidal- level +0.09 m
I 9.8 m/ 2 8.09 m
- gh _ 9.8 m/sec” x 8. - 1.10

u? (8.5 m/s) >
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2
9,8 m/sec x 12,700 m-

SIS _ L = 1,722.6
u? (8.5 m/s)

H 9.8 m/sec® x H -2
f_;]_= . m/sec X ng.oxlo

p2 (8.5 m/s)?

gi 8% 107° x 8.5°

2 = = .59 m
w2 5.8 |

Wave speed

]

Ty1/3 = 3.86 VHl/3

it

3.86/6.59 = 2.96 = 3.0 sec.

The relation between the wave height at the beginning point (HO') and
wave height at the ending point (Hz) of the approach section was

calculated as follows (refer to Fig. 7, below):
(ﬁz_, = (Efb
Ho' B]_

|’§0 0.74
Hp H 0.6 x 20.74 =1.03 m

H2 = =
_ 2 _ 3 _
Lo = 1.56T“ = 1.56 x 37 = 14.04 m

The water depth which does not break the wave height H2 (2.79m)
was calculated as follows, where the sea bottom slope is not:

steeper than 1/50:

“{p.L
1 -i70

1009 or 1.3
NO.2 ) : Q_Q/ T~

9]
8

D.L+0.08])

537 LIQOO' 537

B1=20.74 ' 537l 2000 ‘10.00" 2000 _|537
Bo= 60.74M
NO. i
g + 009 +009
= . &
-1 70 e

537 | 2000 il_O.(J;! 20.00 | 537
) 6074™

Fig.7 Beginning width and ending widih of Approach of Channel

NQ. 2

NO.J
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VU mte
Begz. No. s§mca Tl Condition
" BTC 3184  Renewal 34596.00 New.not yet pus into
o 1983 _ service '
| BTC 3024 14.3.82 . 12025 Good condition
BTC 3025  20.9.82 12025 Good condition
BIC 3026 29.9.82 12025 Good
BIC 3022  14.9.82 16850 Good
BTC 3063 1.11.82 57395 Good.
BTC 2989 23.7.92 53405 Good BackYp iachina
BTG 3043 19-9-32 76503 Presentdy mmder repairs
. _ but good
Wo. 5 20.4.79 8715 Goad
No. & 5.2.81 .. 1150 Good
No. 7 5.2.81 1150 Gaod.
No. 2 3.3.78% Nil Operational
No. 3 3.3.75 Nil Operationa]
No. 8 1.1.83 525 Geod
No. 2 2.1.67 137 Good
No. 4 1.3 .81 2000 Good
No. 5 1.5.81 9000 Good
_ Ex-Jap. 4id  (Mautari Project)Good
No. 6 74 Nil Operating
Na. 12 T4 Wil Qperating
No. 2 8.10.79 1250 Bood
Nc. 4 1.5.581 6328 Good
Ne.'S 1.3.82 8925 Good
BTC 2630  28.4.81 18000 Good
BTC 2808  28.4.81 27334 Good
BTC 1575 Rebuilt 55250 Good
_ Fiji Jan81
BIC 2218  20.6.79 47925 Goad
BIC 2105  1.1.79 27215 Good
BIC 2165  23.5.79 27215 Gaod
BTC 3137 1.1.83 87360 Good
BAN ~ 23  EX BPC 2500 Good
11.3.80
BAN 24 11.3.80 2500 Goad
BTC 1368 . 1.3.74 2500 Good
BTC 1520  5.7.76 4000 Good.
BTC 2042 27.10.78 35325 Cood,
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SIMULATION OF TIDAL CURRENT IN THE TAGCON OF THE TARAWA ATOLL

1. Objective .

This study aims to analyze a. change of tidal flow in the lagoon of

the Tarawa Atoll due to comstruction of the causeway between the island

of Betio and the island of Bairiki.

2. Caleulation Formula
(1) Basic Formula

i. Egquation of Motion

Au  du du

3t + uss + v%? ¥ vy, = 201v sing
1 op . S?u O%u
-= + +
4 Ox VS V’ay ¥z
ov Jv . gv  Jv .
Sore o= + + = 2
3t T %x T 5y ' Yoz Nsing
~2 2
- 1lgp v Bv- %y
-= v ¥ + V25
/O_ay xaxg yaz ézg
_lgp
0 T Bz €
it. Equaﬁion of Conﬁinuiﬁy
du av , O
Ox ay Tz~ 0
where: ]
X, ¥ = horizontal axis of x, y.
z = vertical axis

(4)

u, v, w = velocities for respective direction of s, y, z.

a = angle speed of rotation of the earth
I = latitude '
A~ = density

P = pressure

Vx, Vy, Vz = coefficient of eddy viscosity for respective

direction

of x, ¥, =z.
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(2} Equation for Calculation

Basic equations (1) to (4) will be integrated as regavding z direc-

tion as follows:

%%— + é%(s;q.ﬁ) - %{s};.;) ~ 2 Sy sing
: 2 2
- glg - H)gg - rb2 ﬁ\/ug + v2 + Vx%;gf + vy%i%% _ ;5wm— (5)

Qﬁx + é—i.(syﬁ) - %(Sy;) = 2.08% Sinpf

at
2 2
A - /2 2 9“8 s
- glg - H)5§ - rb2 v,JJu +V o+ ngg;¥-+ Vyzng ~~~~~ (6)
9f _98x P8¢ (7
b~ Ix oy
where: '
7 _ -
Sx =5 Udz = (§ -~ H)u Sy:f%dz: (G - H)v
-H -H _
%, = water level above MSL
r.? = coefficient of sea bed friction

Equations (5) to (7) will be calculated numerically.

3. Conditions of Calculation

Simulation Of-tidal'flOW‘Will be made in the following 4 cases:

Case Betio — Bairiki Tide Flow Tide Level
Entrance L
1 Closure Spring tide - +0.09 -~ +1.80 MHWS
2 Closure Neap tide +0.67 ~ +1,22 MHWN
3 Open Spring tide 40,09 ~ +1.80 MLW3
4

Open Neap tide +0.67 -~ +1.22 ML¥N



Appendix 4-11 (3)

Conditions of caiculations are as follows:

Topograﬁhy—: Oeéap sea bed ~-20.,0 DL,
o : Lagcon wesf'enﬁrance -2.4 CDI,

: Betio ~ Bairiki entrance +1.19 CDL%
: Lagpdn sea bed . -8.0 CDL

Mesh_sigg 1,000 m botﬁ diréctioﬁs éf X, ¥.

Time'stépi.: 20 sec. |

Ca1éqiation:time,: 3 tidal

Coriolis' coefficient : 2w singQ- = 2 x (360/3,600 x 24) x sin 15°
Coefficient of viséosity,f 106 émz/sec 

Cbeffiéient-of'sea bed friction : 0.0026

Boundary condition :

Spring Tide Amplitude of spring tide at boundary 85.5 em

-

: Phase lag of east and west 4.2°
¢ Water level of east boundary 2 cm
Neap Tide ¢ Amplitude of neap tide at boundary 27.5 cm
Phase lag of east and west 4,2°
t Water level of east boundary -2 cm
4. Results

Tidal flow before construction of the causewsy is shown in
Appendix 4-11 (4) to 4-11 {10) and after in Appendix 4-11 (11) to
4;i1 (17). as shown in the results, the change of tidal flow is none
iﬁ.the neap tide, while a little in the spring tide. The charge is
a little occurred in the flow direction near the opening of Betio -

Bairiki and none in the flow veloecity.

* Average depth of the highest portion of the reef along the
causeway. Existing two channels with elevation of +0.1 m to
0.5 m and width of 20 m to 30 m are not considered for

caleculation.
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| Appendix 5-1
Transport Cost of Ferry and Lighter

1. 'Trénsport Cost of Ferry
1.1 Ferry Operating Cost

Ferry operatlng cost is estimated based on the present cost as of 1984.
As Tor labor cost and maintenance cost is adjusted by shadow rate {0, 87)

as follows:

Labor Cost Maintenance Cost Fuel

Cost as of 1984 107,443 42,716 _ 75,750
Shadow-Rate © 0.87 0.87 -
" Adjusted Cost 93,475 _ 37,163 75,750

1.2 Procurement Cost of New Ferry

At present 3 nos. of ferry boatbs are opergted of Wthﬁ 2 nos will be
replaced with new ones in 1987 and one in 1988 where they become at
the end of durable period respectively. Trdnspdrt:capacitynéf:néw
ferry boats shall meet future demand which Willbe estimated to be 140%
of ﬁhe present capacity. Purchase cost of new ferry is A$650,000 per
one and then procurement cost.will be A%$585,000 exeluding the residual
value (10% of purchase cost). New ferry boats to be procured in 2002
and 2003 will be valued as 120% of the above procufémenf cost.

1987 2 nos A$585,000 x 2 = A$1,170,000
1988 1 no A$585,000

2003 2 nos A$702,000 x 2 = A$1,404,000
2004 1 no A$702,000 '

1.3 Construction Cost of New Terminal at Takoronga

The existing ferry terminal wiil be relocated to Takbronga from the

- Betio harbor accordlng to the extension scheme of thé Betio harboror.r
The construction cost of new ferry terminal at Takcronga is estlmated
to be A$605,000 according to the report published in 1983 from Mln;stry

of Communication.
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This new fefry'terminal will not be required when the causeway is
constructed. Accordingly the construction cost of new ferry terminal
will be considered as transport cost saving:which will be adjusted'to

be A$526,QQO by shadow rate (0.87) for actual use of evaluation.

1.4 Maintenance Cost of New Ferry Terminal

Maintenance cost of new ferry terminal is estimated to be 0.2% of the

construction cost.

2. Cost of Lighter

Lighterage consists of transpb:tation cost on the sea and loading and
unloading cost, of which only leoading and unloading cost is used in
this study. According to The Report on Development Program on Fisheries
Jetty at Betio in The Republic of Kiribati prepaved by JICA in 1981,
loading and unloading cost is A$2.60/ton. Considering infration rate

5% per year, it is estimated to be A$3.3 ton as of 1985 price.



Appendix 5-2

Time Value

1. Shadow Wage Rate
Shadow wage rate of domestic labor is estimated to be eqUai'fdfsténdar&
conversion rate from domestic market price Lo border price on the

assumption that domestic market price represents opporbunity cost,.

I +E
(I + T1) + (E -~ TE)

SCF =

SCF : Standard Conversion Rale
I : Total Import Price
E : Total Export Price
TI : Total Import Duty Price
TE : Total Export Duty Price

Accordihg to trade statistics in 198. SCF is estimated to be 0.87.

2, Time Value

Time value is estimated by multiplying standard wage rate of domestic

labor by shadow wage rate.

About 40% of employees in the South Tarawa consists of government
officers. Ranking of government officer's wage is from 1 to 19 of which
11 to 16 occupies majority. Therefore averaged value of wages from 11

to 16 is adopted as representative wage in the South Tarawa.

GDP and the population of the Republic of Kiribati in 1985 is estimated
to be A$37,000,000 and 70,000, Accordingly GDP per capita is estimated
to be A$530 and GDP per household is also estimated be A$3,800 based

on the average number of member per one household (7.2). Therefore

the above average value of A$3,050 is not high as compared to the

above value of A$3,800,

The wage per hour is calculated as shown below:

A$3,050/12 x 23 x 8 = A$1.38/hour
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Therefore the time value is estimated by multiplying the above hourly
wage by shadow wage rate of 0,87. '

‘Time Value = A$1.38 x 0.87 = A$1.20/hour
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