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PREFACE

In response to a request from the Government of Tuvalu, the Government of Japan
decided to conduct a basic design study on the Reconstruction Project of the Fisherics
Harbour at Vaitupu and entrusted thc study to the Japan International Cooperation Agency
(JICA) '

~JICA sent to Tuvalu a study team headed by Mr. Takeru Kato, Deputy Director,
Fishing Port Construction Division, Fishing Port Department, Fisherics Agency, and
constituted by members of Nippon Tetrapod Co., Ltd., from August 13 to September 15,
1994.

The team held discussions with the ofﬁmals concerned of the Government of
Tuvalu and conducted a ficld study at the study area. After the team rcturned to Japan,
further studies were made, and as this result, the present report was finalized.

I hope that this report will contribute to the promotion of thc'pmject and to the
" enhancement of friendly relations between the two countries.

1 wish to cxpress my sincere appreciation to the officials concerned of the
Government of Tuvalu for their close cooperation extended to the team.

January, 1995

Kimio Fujita
* President
Japan Internatmnal Coopcratlon Agency







: January, 1995
Mr. Kimio Fujita,

President _

Japan Intemnational Cooperation Agency
Tokyo, Japan

Letter of Transmittal

~We are pleased to submit to you the basic design study report on the
' Rcconstructlon PrOJect of the Flshenes Harbour at Valtupu in 'I‘uvalu

. This study was conductcd by Nippon Tetrapod Co., Ltd., under a contract to JICA,
during the period from August 10, 1994 to January 26, 1995. In conducting the study, we
have examined the. feaSibility and. rationale of the project with due consideration to the
present situation of Tuvalu and formulated the most approprlatc basic design for the
project under Japan's grant aid schcme

We wish to take this opportunity to express our sincere gratitude to the officials
conccmcd of JICA, the Ministry of Foreign Affairs, and the Ministry of Agriculture,
Forcstry and Fisheries. We would also: like to eXpress  our gratitude to the officials
concerned of the Mmlstry of Natural Resources of Tuvalu, JICA Fiji Office and the
. Embassy of Japan in Fiji for their cooperation and assistance throughout our field survey.

B Finally, we hope that this report will contribute to further promotion of the project.

Very truly ydurs, -

/Q/Zﬁ/tccv Mu&,

Tatsuo Fuke
Project Managcr‘
Basic Design Study Team on
- the Reconstruction Project of the
. Fisheries Harbour at Vaitupu in Tuvalu
Nippon Tetrapod Co., Ltd.
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Summary -

Tuvalu is an archipelago consisting of three islands and six atolls in the south of the
mid-Pacific Ocean. They are 'sm'all and flat coral islands situated at less than 5 m above
the sea level with hardly any soil suitable for afforestation. The country has a population
of about 9,600 inhabitants (1993}, with a total land area of about 25.6 km2 and the
exclusive economic zone (EEZ) of 750,000 km?2.

Its national economy depends on the production of small-scale agriculture and
fishery, and its per capita GDP'amounts to AS$1,200. The country relies also on import
for most of its needs for éoinmodities, equipments and foodstuffs, and its trade balance has
been in deficit for inany years. Small amounts of foreign curmrencies can be earned through
remittance from expatriatc communitics, postage stamp sales, license fees for piscatory
rights in national waters paid by foreign vessels, and also through the export of copra.

With such géographical background, Tuvalu has given the priority to the fishery
dévelopment as its development objective along with its neighboring countries. For its
Third National Deve'lopmcnt'Programme (1'984—19'87), the Government of Tuvalu has
decided to promote fishery as its main objective, but due to poor conditions of the wharf,
distribution facilitics,-'ﬁshermcn train_ing vessels; etc., good results could not be achieved.
In response to the request of the Govemment of Tuvalu under the "Fishery Development
Plan", the Government of Japan proposed the "Fishing Communities Development
Project” aimed at improving the. training. cquipmcnté and materials, wharf, and
infrastructure for fishing villages, and provided the foilowing grant aids from 1987 to 1991.

Phase I : Provision of equipments and six fishermen training vessels
Phase 11 : Provision of an extension vessel "Manaui"
Phase IIl : Improvement of Funafuti Fisheries Centre
Phase IV.: Construction of Vaitupu Fisheries Centre _
' and imprbvcmcnt of the existing channel

_ Fishery facilities such as the groins and channel in Asau, Vaitupu Island, which
were constructed in Phasp-IV Project, have been seriously damaged soon after completion
by the anes attr_ib_utablé to two large cyclones, "Kina" and "Nina", and most of their
_.fu'r.ictions have been lost, hindering thus the fishing activities.

- (i)



- With the urgency of the needs for rcconstruct:on and for a rchabﬂrtatlon of the
damaged facilities, the Government of Tuvalu n:qucsted another grant aid from Japan in
Fcbruary, 1994, “In response, the: Govemment of Japan orgamzcd a basic dcsxgn study_ '
team wh:ch conducted a ﬁeld survey for 34 days from August 13 to Septcmber 15 19'94 |

The request concerned the rehabllltatlon and reconstructron of the followrng"

facﬂrtlcs in the fi shcncs harbour

Facility Rehablhtatron Status _ Rcconstrucnon/ Matenal
A.North Groin - Totally damagcd cxccpt "' Concrete and o L
0t conerete wharf, o ‘annourstonestruétn.’ntcf o

- ..~ Complete rchabrlltatlon rcqmred.':[: ; :
B. South Groin . Totaily damaged. = . - ;Concretc and SRR
- Complete rehablhtatron requlred., armour stone structure
C. Slipway Some damage. Repair required. - Concrete structure
D. Beach Protection Some damage. Repair required. Stone pitching o
E. Channel and - Re-excavation and removal - Drcdgmg of coral reef -~ -
_ Anchorage. .. of coral debris required. s SEETIE SRR
F. Light Beacons Totally damaged.. N _Rchablhtatron e
. Complete rehiabilitation rcqulrcd.' . Lo
G.Jib Crane  Totally damaged. : ** Rehabilitation

E Complcte rehabrhtatlon rcquzrcd._ o

The study team conductcd the followmg ﬁcld surveys _ k
(1) Discussion with the Govemnment Ofﬂcrals of Tivalu
= Explanatron and discussion of the Inocptlon Report
= Confirmation of the damages, background of thc pro}ect '

- and the content of requcst R

— Confirmation of the extent of costs to be bomc by the Tuvalu Government
- Discussion and sxgnmg of the Mmutes N LR R
(2) Surveys of the Damagcs to the Flshcnes Harbour Facrlltlcs

.~ and Natural Conditions -

~ Survey of damages to thc facrlmes and cqulpments, S

gathcnng mformatlon for thc Pro]ect

1|'|'

.

Survey of natural condmons

“Gathering mformatlon about the rclatcd dcveloprncnt plans 5
‘Mainterance and management of the facrl:tlcs after 1 rcconstmcnon :
Gathering matcrrals and informiation on oonstructron o s ]



_ -Following on-site surveys and discussions in Japan, the study team prepared a

facﬁlty rcconstructlon plan covenng substantially all the rcqucsts

_ Outlinc_of the Planned Faqﬂxh_cs :

Fac:hty(Stmcture) Contents and scale
Removal of exnstmg groing | Removat of broken south and north groins, about 5,000m3
Gravity~type concrete < | _ ' o :
South grom Length.x Crown width. - |Base 80 m x 4 m, Middle 70 m x 6m,Top25mx8m
North groin Length x Crown width Base 80 m x 4m, Middle 55mx6m,Top30mx8m
Wharf  _ |Water depth_ - |-som ' .
: Length X Apron w1dth * |Exténsion 5 m x 10 m
- Jib crane ' . fOne -
Bollard One - - -
Fender One set
Channel Bonom width x Depth 26 mx-3.5m
Anchorage '~ |Widthx Depth 64mx-3.0m
Light beacons - Solartype JTwo -
yi_v_igatioh aids . Concrete_ anchor type - Seven buoys (channel and énchoraﬁe), Two beacons {land)
Lighting facilities |Solar type " |Two: S e SRR
South seawall - . - |Gravity-type concrete |75 m
North seawall Gravny—ty}ge concrete . |40m
Accessroad Concrete pavement Width 4 mx Length 20m
Slope protection | Amour stoncs with concrete filling 20 m x 40 m, 2 Slope faces 7
Slipway - Concrete pavement - Length 10 m :

chardlng the reconstructmn of fac111t1cs the. study team. cstabhshcd the followmg
basic de&gn policies. S : '
(1)P011cy rcgardmg Natural Conditlons

Hmdcastmg the dcmgn waves rcprcscnts an 1mp0nant tool for the basic

design of fac1ht1cs To this end, the study-team chose the ten largest cyclones
which occurred within the past 30 ycars and caused big waves to the planned

. construction area, -and as for their: courses and scales, obtained the relevant
> weather charts. and hindcasted the respective waves by the spectrum ‘method. It
also- oonducted the: statlstlcal andlysns on the offshore waves for 11. cascs

including cycloncs "Kma and "Nma and obtamed the des1gn offshore wave

. height with a return pcnod of 50 years for the current plan. -

(2) Pohcy regardmg the Socm—economlc Conditions - oy
Although Tuvalu is an- mdcpendcnt oountry, most ‘of 1ts commerclal-"' :
actmtws arc supported through aids from developed countncs - Even though’ the '
country is ablc to bulld fac111t1cs and cqulpments makmg good use of foreign

T




aids, it lacks funds for maintenance and management and its facilities are badly
maintained. It is therefore proposed to design structures that are maintenance-
free as much as possible.
(3) Policy regarding the Construction and Labour Condthons
- Tuvalu has no construction ‘companies,” and it is’ therefore ‘necessary to
‘procure all the construction machmcry from other countries. Smce there are no
 skilled labours either, the study team recommend to-adopt construction methods
" which require small-scale use -of rnachmcry or skrlls Unsktlle_d labou_r,
~ however, is avarlable in thts country T SRR
(4) Policy regardmg Local Procurernent of Materrals _ L -
Only stones (coral stones) and sea sand (coral sand) can be procured in
Vaitupu, and all othcr constructron matenals must be tmported ' :

~ Based on the above mentroned pnncrples, the study team undertook a comparatwe
study on the materials and constructron methods -For the North -and. South Grotns, three '

types (armour stone, gravrty and. steel sheet plle) were chosen ﬁrst and the gravrty—type ._ _
with in-situ concrete has been adopted finally : : '

Most of the materials and cqurpments for the present prOJect wﬁl be 1mportcd from
Japan or other countnesasfollows EUEIERRTIN R S v
(1) Matcnals procured : -
locally. __ stones, crushed stones, sand fuel o
+ - from Japan:- ‘stecls, steel. moulds ltght beacons, lighting facrlrtrcs
o fenders, jlb crane, bollard buoys, anchors, ropes, etc
from Fiji: remforcmg bars - vl - = .
- from New' Zealand: -cement, trmbers, plywood moulds gunpowder
(2) Constructton Machinery procured R S
. from Fiji: - tugboat, pontoon : L e
" from Japan:- hrgh—-speed ferry boat between Funafutl and Vattupu _
-+ " boat with outboard engine, other oonstntctron machmery, -
. ,matenals for temporary works - o

The effects that can be expected upon the nnplementaoon of thrs pro]ect are shown 7
below The Asau Fisheries Harbour ‘will be: able to recover 1ts prlmary functions s a

_ﬁshencs harbour., Along with the smooth unplementatron of the Nattonal Dcvelopmcnt. i
Programme the harbour wrll play an nnportant part for the nattonal ﬁshery mdustry



_ Effect from the Implementatlon of thrs PrOJect

Current Situatlon

Countermeasures - Effect/ Improvement expected
Damaged groins Design a groin which will . |Effective prevention of
lost functions not damage other facilities disaster recurrences
L § "~ |at the time of big waves
Boats unable to ) Drcdge the front area and. Securing safe berthing
berth at the wharf expand the wharf . R
' : - JUse fenders and boll_ar_d
Shoalmg and narrowmg IRedredge and expand channel ~ |Securing safe navigation
of the channel ~  |width for safc navrgatlon | even at night
Shoaling and narrowing - Redredge anchorage and Securing safe anchoring
of the anchorage: |expand width for safe. tummg o e
Poor access Connect with * - |Improving transportation
road conditions theaccessroad. . .- o -
Construction of . Protect houses in hmterland |Improving people's life |
_ seawalls . B and. prevent cyclone damages : ) L
: Lack of lighting facrlmes Aim at safe loadmg/ unloadmg Improving safety -
and hght beacons o Jat mght in harbour in the harbour |
Slope protectlon o _ Armour stones cover the slope Preventmg dlsaster
- |with concrete to prevent scounng recurence
{Debris disposal Transportto ' ‘|Preventing disaster
LT ~{appropriate places - -~ |recurrence

Preventing re-shoaling of the

‘|channel and anchorage

| Though small boats with outboard ehgines can enter the harbour thanks to the

emergency repalrs undertaken after the disaster, scatiered debﬂs may cause another

shoaling of the channel and anchorage. -

It is necessary to rehabilitate the harbour on ‘a full-scale basis as soon as possible,

by adoptmg a suxtable desrgn whrch takes into account experiences from formcr d1sastcr

: follows,

The ratlonale for the grant ard in: the framework of thls prolect is dlscussed as

o (1) The harbour damaged by unprccedented cyclones was ongmally built with the

- grant aid from the Govemment of Japan. :
o (2) The project wrll benefit poor people and w1ll basrcally stabilize thelr livelihood.
- (3) Wrth the unplementanon of this project, the mamtenanee and management
: operatlons undertaken for the harbour w1ll be made easier.




4 'I‘he project concurs wrth another one for the Valtupu Island under the Fourth
National Development Programme (1988-1990). ' "
5) Undesirable effccts are not foreseen on the envrro'nme'nt.

The study team would like to make the followmg requests to the Governrnent of
Tuvalu for a smooth and cffective 1mplernentatron and management of thlS pro;ect R
(1) Full-scale Cooperation in Constructron o : _
Cyclones "Kina" and "Nina" not only destroyed the ﬁshenes facnhtles of the ;:Z .
| 1sland but also ravaged its res:dentlal arcas. As the nnplementatron of thls‘f :
pm]ect requrres a full understandmg and cooperatron from the Valtupu Island'; |
Council and the islanders,. the study. team requests the Government of: Tuvalu to.
- take an active initiative for a smoother operatlon e
(2) Thorough Maintenance and Management
~ The study team has desrgned structures that mqurre llttle mamtenance, w1th
the full knowledge that jib crane, l:ght beacons or. llghtmg fa(.‘.llitlcs, however,
essentially riced mamtenance ) Regular and adequate mamtenanoe and
_'management alone wrll be able to extend thelr capacrty The study team; }_
recommends {0 ailocate suff' crcnt budgets for thelr mamtenance ' -
(3) Development of Human Resources ' PR . RN
~ The lack of cxv11 engincers in the country has delayed reconstructlon process '
. following the drsaster caused by both cyclones. ~The study team recommcnds to
~ take this: opportunity by trammg engmeers who. wrll be good counterparts in thlsz -
project as well as quahfied experts for the fi shenes harbour of Tuvalu '
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" CHAPTER 1 BACKGROUND OF THE PROJECT

151 : Eackground of the Project

Tuvalu is an archipelago consisting of three islands and six atolls in the
south of the mid- Pacific Ocean. They are small and flat coral islands situated at
less than 5 m above the sca level with hardly any soil suitable for afforestation. -
The country has a population of about 9,600 inhabitants (1993), with a total land
 area of about 25.6 km2 and the exclusive economic zone (EEZ) of 750,000 km2. -

Its natlonal economy depends on the productlon of small-scate agriculture
and fishery, and its per caplta GDP amounts to AS$1,200. The country relies also -
on import for most of its needs for commodities, equipments and foodstuffs, and its
trade balance has been in deficit for many years. . Small amounts of foreign
 currencies can be carned through remittance from expatriate communities, postage
stamp sales, license fees for piscatory nghts in national waters paid by foreign
_ vessels, and also through the expon of copra.

~ With such geographical background, Tuvalu has given the priority to the
fishery development as its development 'objective--along “with its neighboring
countries. Fo_r its Third, National Development Progmmme (1984~1987), the
Government of Tuvalu has decided to promote fishery as its main objective, but
4do,e to poor___.conditions_ of . the wharf, distribution facilities, ﬁshermen training
vessels, ctc., good results could not be achieved. In response to the request of the
~ Government of Tuvalu under the "Fishei'y Development Plan", the Government of
- Japan proposed the "Fishing. Communities - Development ‘Project" aimed at
dmprovmg the: - training, equlpments and materials, wharf, and mfrastructure for
fi shmg v1llages, and provxded the followmg grant aids from 1987 to 1991.

" Phase . 1 ;[Proyi_si_oh of e_t:luipm_ents and_six fishmen-_training vessels
Ph.ase In: Provision of an extension vessel "Manaui"
. Phasell ;. Improvement of Funafun Fisheries Centre
SR PhaseIV ‘Construction of Vaitupu Flshcnes Centre -
. and improvement of the ex1stmg cha_nn_el _



Fishery facilities such as the groins and channel in Asau, Vaitupu Island,
which were constructed in Phase IV Project have been scriously damaged soon
after completion by the waves attributable to two large cyélones, "Kina" and "Nina",
which attacked the country in January, 1993 and most- of their functlons havc been -
lost, hmdcrmg thus the fishing activities.

With the urgency of the needs for reconstruction and fdr“a féhabﬂitatiOn of
the damaged facilities, the Government of Tuvalu requested another grant aid from"
Japan. "In response, the Government of Japan conductcd a survcy for the basw :
design study of this project. SR :

The nnplementmg organ for the pro]cct w111 be thc Fisheries Department
Ministry of Natural Resources in Tuvalu ST : o

1-2 OQutline of the Request and Main Coinponenfs R

Ob_]cctwcs of thc n:qucstcd project by thc Govcrnmcnt of Tuvalu are shown
below.

(1) Short-tenn ob;cctwes ; :
~ To restore the fisheries harbour to its ongmal functmn e :
— To provide the people of Vaitupu with a mcans of safely unloadmg/
loadmg goods and cargo within the anchoragc of the fisheries harbour
-~ To pmv1dc the extension vesscl "Manam ‘with a safe anchoragc

(2) Mcdlum and long—tcrm ob]cctlvcs : :
~ To invigorate the fishmg activities'i in order to achlevc thc axms of the
- Fishing Communitics Dcvclopment PIO]CCt of i 1mpr0v1ug the llvmg
standard of the people R
~ To achieve success in the Valtupu fishcncs whlch wﬂl serve
as a model of fishencs promonon for other 1slands R
- The request concemed the rchablhtatmn of thc foliowmg famlmcs wmch g
hadbcendestmycd R RN R : '



Table 1-1 Contents of the Request

Rehabilitation Status

Reconstruction/ Material

Complete rchabllltatmn rcqun‘ed.

Facility
~ A.North Groin Totally damaged except Concrete and
o ' concrete wharf. armour stone structure
_ . Complete rehabilitation required. :
B. South Groin  Totally damaged. Concrete and
: Complete rehabilitation required.  armour stone structure
I o Shpway Some damage. Repair required. Concrete structure
D. Beach Protection Some damage. Repair required. Stone pitching
E. Channeland = Re-excavation and rcmoval Dredging of coral reef
Anchorage of coral debris required. :
F. Light Beacons Totally damaged. Rehabilitation
- Complete rehabilitation required.
G. Jib Crane “Totally damaged. Rehabilitation
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CHAPTER 2 OUTLINE OF THE PROJECT

2-1 Objectives of the Project

In line with the objectives of the previous grant aid for the "Fishing
Communities Development Project”, this project aims at restoration and
rehabilitation of the Asau Fisheries Harbour which had been devastated by
cyclones; _

2-2 Study and Examination on the Request

Because of its geographical background, Tuvalu is endeavoring to promote
fishery development as the first-priority national objective -along with its
neighboring countries.

Its Medium-term Economic Framework Programme(1992-1994) places
emphasis on the fishery industry, especially the following topics in relation to the
current project: '

(1) To provide fishery products and protein supply regularly
and continuously to all of its people

(2) To develop small-scale export industry

(3) To activate small-scale fisheries in remote islands

The Fourth National Development Plan (1988-1990) points out that in
“order to expand the fishery production volume by artisanal and commercial
fishermen in Vaitupu Island, the Govemment -should finance the fishery
- infrastructure, _traﬁsportétion means and fishing boats and integrate the foreign and
domestic distribution systems for rational distribution of ﬁshéry products,

_ ~ The Government of Japan offered the following grant aids. from 1987 to
1991: " SR | -
Phase 1: Provision of equipments and six fishermen training vessels
Phase II : Prbvision of extension vessel "Manaui”
Phase III: Improvement of Funafuti Fisheries Centre



Phase IV: Construction of Vaitupu Fisherics Centre =
and improvement of the existing channel

The aid in Phase IV aimed to construct the Fisheries Centre and improve
Asau Fisheries Harbour in Vaitupu Island and was in accordancc w1th thc Fouﬂh
National Devclopment Programme ' '

On Vaitupu Island, 1,600 peoplc live seif—suff' mently on coconuts, plaka
and taro and raise a small number of chlckens and pigs. As the main supply sourcc'
of protcin, people depend on fish caught by the fishing activities which also serves
as the only source of i income for the 1slandcrs Thc aid for Phase IV was thus
welcomed by the people as most appropnatc L |

. Two large ¢yclones whlch attacked the island in January, 1993 damaged the

groins, the channel and the anchoragé in Asau Fisheries Harbour i in Vaitupu whlch: o
had been built by the grant aid in Phase IV. The Govemnment of Tuvalu judged

that the reconstruction and rehabilitation of the facilities were urgcntly needed in

order not to deter the promotlon of ﬁshcncs and rcquested Japan for anothcr grant

The Govemment of Iapan dlspatched a study team from August to
September, 1994 in order to study the damages and thc valldxty of reconstructlon '
plans. The result is shown below, Tt '

(1) The functlons of Asau Flshcrlcs Harbour had becn grossly damagcd :
by the disaster -
- (2) To leave the snuatlon unrectlf' ed would be contrary to
‘the development policies of the- Govcrnment and the 1sland
(3) If left unattended, the debris, ete, arc llkcly to mducc s
 another disaster qultc easﬁy e SR

Based on the above, it 1s conciudcd that the request is mcanmgful and

should be urgently addressed as a pan of the long term grant alds progmmmc _' '

offered by J apan




2-3 Project Description -
2-3-1 Opeifg_tidnél Structure

Thc' organization chart of the Fisheries Department, Ministry of Natural
Resources (as of September, 1994) is shown below. '

[ DIRECTOR OF FISHERFES (1) |

[ PRINCIPAL FISHERIES OFFICER (1) |

i m&s_newnmomcénm | | asswTaNT sisHeriEs oFFCER (1) | r-‘;suemesexftnsmomcen(s) |

[ Machanical Foreman (1) {[ Mrmmgs). |1 .meb!(i) f _ L . I FmMmm(a) |
+ | Mechanicst Treines (4) | [ Fisheries Ressarch Assistant (1) | [ warchmaniz ] |7 Fishories Processing Asalstant (1) |
— Toramnt) ] o () ]

Mansul Enginees (1)

".. Naote: {) shows the number of staffs.
-~ Fig, 2=1 Organization of Fisherjes Department

The Fisheries Dcpartmchf of the Ministry of Natural Resources will be
responsible for maintenance and management of the fisheries harbour facilities at
Vaitupu when they are restored. - As of September, 1994 the Department has about

- 30 staffs, one of whom is stationed at the Vaitupu Fisheries Centre since the time of -

_ completmn of the Phase IV prOJect of the grant aid. offered by Japan previously.
This staff is in charge of overall maintenance and managcmcnt of the fisheries
facxhtlcs of the island. Therc Is, therefore, no need to appoint a new staff for this

: ]ob and the currcnt orgamzatlon is bcl1eved to be capable of ‘maintenance and
managcment '

. ’Lflle.jm_ijal:;maint_enaht:c_ and rha_n.a_g_ement-!c_ost is apprbximatclyjASWOO
. and the department is believed to be sufficiently capable of paying the cost. -



Table 2—1 Estimate of Maintenance Cost

1. Material costs _ (Unit: ASS)
Facilities Consumable life (year) . Unit price
Light beacons(2) - Bulbs S S 150
S Batteries: ' 3 330
Solar lights(2) Bulys 5 50
' Batteries 3 600
Jib crane Chassis grease 3 50
Paint -3 250
Pullcy 3 100
Pin - 3 30" '
Annual costsofmateria!s o 820 L
2. Personnel expense Lo T
. Skilled-worker (carclaker)x'.’adays oo 80
: Annnal costs " 700

2-3-2 Location and Condition of Pr'ojéct Site

Vaitupu Island has the land area of approximately 5.24 kn'_12,'-thé largcét'in
the country, and there 1s 2 lagoon at its approximate center which connects with the
occan. The land is substantially flat and less than 5 m above sea level, and consists
of coral soil. Palm trees, breadfruit trees and taro potatoes grow. indigcnously The
Island Council is in charge of polmcs in thrcc main vﬂlagcs of Motofua Tumascu
and Asau, - ‘ ' ' '

(1) Climatic Condltlons S
~Tuvalu belongs to the: typlcal troplcal occamc clunatc zone: 'I‘he-" :

. climatic ‘data available for Vaitupu Island are" limited: to those " -on D

. temperature and rainfall collected in Funafutl, the. country s capltal locatcd
150kmt0 the. south, - - ST o L

1) Temperature .~ " - : R
~ Fig. 2-2 shows changcs in- daxly avcragc maximum and ‘minimum- gt
‘temperatures in Funafuti. The average tcmperaturc ﬂuctuatcs only shghtly
and remains between 28 and 29 degrees. ‘The daily average maxn'num and
memum temperatures are. 31 ~32 dcgrccs and 26 dcgrccs rcspectlvely



Temperature
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100
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3 |
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3. | o . rlaxi.murn o _ ,
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22..-
JAN  FEB  NAR  APR - NAY  JUN  JUL . AUG  SEP.  OCT  NOV  DEC
E . Fig. 2-2 Changes in Mcaﬁ Temperature in Funafuti |
_2) Rainfall . - |
* Fig: 2-3 shows monthly changes in the rainfall in Vaitupu Island,
The yearly'_a_vcragc rainfall is generally high at 3,200 mm and accounted

" for mostly by squalls. There may be droughts in some years. The

~_ distinction between the dry and the rainy seasons is not clear.

()
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350

300

250

%20_0

JAN FEB. MAR APR° MAY JUN JUL AUG SEP OCT NOV DEC

" Fig.2-3 Changes in Mean Rainfall (1948-1992)



3) Wind direction and veiocity
Tuvalu is in the trade wind rcglon in the southwest Pac1f' ¢ and the
wind tends to blow in N-E directions. Table 2-2 and Fig. 2-4 show the_"'
wind frcquency distribution and the wind rose respcctwcly |
According to them, the yearly average wind velocity is 7.6 knot"'_
(about 3.8 m/s) and the frequency of the wind vclocuy beyond 22 knots

(11 m/s) is 0.7 %, showing remarkable calmness throughout the year. The - -

wind in the N-E direction prevails at about 70 %. As Asau Fisheries
Harbour is located on the west side of the 1sland and faces the ocean, thc -
land breeze blows prcdommantly throughout the ycar

Table 2-2 Frequency Dlstrlbutlon of Daily Average Wind Vcloc:ty (1981- 1985)

(Unit: %)
DEC~FEB . MAR-MAY JUN-AUG_ SEP-NOV - Annual -~
Direction N 29.3 -221 99 . 15.6 Po19.20
' NE 20.2 227 243 - 217 23.8
B 113 236 . 363 .31.8 . 258
SE 29 0 . .32 A ' 5.1 - 46
S 5.1 8.4 125 0 92 - - 87
SW 49 7.1 - 56 46 YT 54
WL 1260 - 90 TR ARSI . S 77
NW . 124 29 .03 . 120 543
_Calm_ 13 09 00 00 05
Mean Speed(knots) - 80 - 66 . 76 I8 16
OverZ2kmots . 07 . .- 00 . 11 - 09 '.,.—-;'_g.;07

(Source: National Instltutc of Water and Atm()Sphenc Rcsearch leltcd)

Fig. 2-4 Wind Rose of Daily Average Wind Velocity (1981 - 1985) -



(2) Topography

" In order to learn the topography of the land and the sea depth in the
vicinity of the fishenes facilitics, the topographic and bathymetric surveys
were conductcd in the ‘hinterland and at 500 m offshore for 500 m along
the coast. Figs. 2-5 and 2-6 show the results. In the survey of the sea
depth the basic data required for calculation of wave deformations were
obtained in shallow water and a reef flat in the on-site wave hindcasting
which shall be referred to later.

(3).0ccandgraphic Conditions

1) Tidal level

To study the tidal levels in thc surrounding sea, the study team
conducted continual observations for 15 consccutive days using a tide
gauge. Fig. 2-7 shows the tide conditions.

. Highest Water for Survey Period 1.89
NHHW.L. = - 1.86
High Water of Spring Tide(H.W.L.} 1.74
Mean High Water 151 093 _ 081 -
_ High Wétcr of Neap Tide . e 1.28 0.58
o 035
Mean Water Level(M.W.L.) 0.93
| _ | 0.35
- Low Water of Neap Tide 0.58
B : 0.58
Meanmwamr o 035
- ' 0.81
© " Low Water of Sgngg Txde(L,W L) 012 093
*'Damm Lme(DL. NLLWL) [ 00
. Lcwcst Wam_' for Survey Period -—-0.06

 (Unit; m)

Fig. 2-7 Tide C_ginditibn for Survey P;ﬁod-at the Asau Fisheries Harbour

L o0-
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2) Tldal current

. The direction and Spccd of the ndal current were measured by usmg
an electromagnetic current meter at spring and neap tide at about 50 cm
from the sea bottom in the existing channel which had been open—cut by
excavatmg the reef in the harbour The currént spccd was about 0.3 m/s

maximum and there was no_prevailing current direction. The daily
maximum current sp'ccds are shown in Tablé 2-3.

' Tablc 2-3 Darly Maxrmum Currcnt Spccd at thc Channel

_Date  Time Max sPecd Remarks

. __(m/sec)
- AUG.28- 2015 - 022

. AUG.29 2215 025 . | atNeap .
AUG. 30 " 01:15 018 § -
SEP.04 1355 018 |
SEP, 05 - 1825 (.21 at Spring
SEP.06 ~ 06:05 030 |
_SEP.07 __06:55 . 023 -

3) Littoral drift and coast process - _

_ Thcrc was 1o supply source of httoral dnft such as a river nor was
_there any sand on the reef flat. Near the’ shorelme at the bases of the south
B and the north groins, however, therc was sand with a gentle slope. Similar
- sand was observed in the bottom of the existing channel. Table 2-4 shows

the specrfic gravrty and the settlmg velocrty while Fig. 2-8 shows the
B -graln size d:stnbutron of thcsc sand. These figures show that sand ncar the
o ﬁshenes harbour was mostly fine and coarse sand, containing hardly -any
. s1lt or clays, and that it was largcr grain sand with higher terminal speeds.
o . Itwas not possrblc to estimatc thc prcscnce/absenoc or the volume of
o littoral sand in the. present study because of the short study period.

. Table2-4 Specific Gravity and Settling Velacity

" |Location of sampling Shoreline(D |Shoreline® |Shoreline® | Shoreline® Chasinel |Average| . Remarks
_pe_ci_figﬂmy 267l 2| 269 271 - 269] 269 |
| D 150 _60{ _93]10% contained

Senlm velocrl )
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(4) Hindcasting of Waves Attributable to "Kina" and "Nina"

Table 2-5 shows statistics concermning frequency distribution of
waves in the sea surroundmg Tuvalu. The wind waves which are 0 to 1.5
m hlgh account for 81 % and those 15mte30m high 16 %, and the
swells of 0 to 1.5 m account for 33 % and those of 1.5 to 3.0 m 60 %,
indicating that the swells are more frequent rather than the wind waves.
: Thc pnncxpal direction of the waves is reported to be E-NE.

| Table.Z-S Frequency_ Distribution of Waves

' - (Unit: %)
ISBP-Nov DEC—FEB MAR—MAY JUN-AUG  Annual
Class height(m) =~ =~ = = : -
|l o0-15 | & , 83” 87 74 81
~ Wind | 15-30.{ 4. = 17 12 23 16
Cwaves | 3060 2 o 0 i 4 . 2
Over 6.0 e - = - -
Modal | B B E E E
direction . S35 - 20 34 52 36
Class helght(m) o ' _
, 0-1.5 7 36 ;S 2 33
: 1. 15-30 57 58 56 67 60
Swell | 3.0-60 6 -6 6 S 11 7
Qver60 | - - - - ~
Modal - |  E. " NE . E B B
dxrectwn : 36 244'7 T 2% - 38 30

(Source Natlonal Instltute of Watcr and Atmosphcnc Research Lumtcd)

1) G1sts of cycloncs "Kma and Nma

_ In the sca of. Tuvalu, 24 cyclones. are reportcd since 1940 Those
which are officially recorded as having affected the country occurred in

February 1891, January 1958 and October 1972. Although not confirmed

officially, the cyclone which occurred in November 1957 is said to have

- mﬂlctcd tremendous damages to the land. As shown, very few ‘cyclones

generate in the area ‘and the above mentioned two cyclones which had

| ~ brought dlsasters to Vaitupu are cons1dcrcd very rare. Fig. 2-9 shows the
__tracks of the two cyclones and Flgs 2—10 and 2—11 show time series of

: .thcu wind and waves. - _

_ “"Nina" was born i in the Sca of Arafa in the north of Australla, headcd
cast whlle rctalmng the ordmary force although it remained small in. size,

: rcached thc pomt about 500 km SSW of Valtupu Island on Ianuary 3,

RETE



1993. "Kina" was born on the sea 1,000 km southwest of Vaitupu on

* December 27, 1992 and' passed the Fiji Islinds and the-south of the.
Kingdom of Tonga. This cyclone was large and remained powerful and
proceeded in the southeastern direction at 1,000 km distance from Vaitupu.

E 155° 160° 165° 170° 175° 180° ‘.1_:_75'° 170°

S 5% 7~ : § |
\\625 @Q_Lo\r:aoms.- | TUVA,_'L‘,_' T VAl_T,UPu
~ N\ . A
L I N > Nl [DEC.27| \ T FUNAFUTI
- DEC.29 ™ol q : JAN.3 |
{ Cyclone "NINA" [ ——— 'WESTERﬁ\SAMOA
. :\ / L N DEC.29 ._\ { mey
_15 -tjn“ DEC. 30 N \\S)__,
DEC, 30 - 2y L——*<< 3 JAN;_4\O\‘_ |
YA '\ij > JAN 3 [TONGA
2 02 - S B __Fir 7N
SRR N B v e iy N
NEW CALEDONIA (ER. NS | Cyclone KINA'-' ]/ N’

Fig; 2-9 Cycione Tracks of "Ki.ﬁan an d '"Nina!:' .

_ Thc cyclones advanced 1n the southeastern dlrectlon bctwcen '
_ Ianuary 1 and 4 in 1993 gcncratmg strong WNW wmds and the waves
gcncratcd in these fctchcs respectively dcparted the fetches and propagatcd '
to Vaitupu as swells with respcctlve penods whlle mtcrfermg w1th each
other’s cnergy ' '

| —16- i
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2) Hindcasting of offshore waves
_Fig. 2-12 shows the steps for hmdcastmg the offshore waves.

* Weather Charts for 5 Days before Cyclone-damage
Weather Charts for 2 Days after Cyclone—damagc
(Evcry 6 Hours) '

Wmd Hmdcastmg

Wlnd Specd and Dlrccnon, Length of Feich, Wind Duration

Comparison with Weather Data 'at the Site

Wave Hindcasting

Wmd Wavc Hmdcastmg I chll Hmdcastmg
Spectral Calculation

\JJ
[ Combination l

' Oﬂ:'shorc Waves
(Wavc Hcl ht Dlrccuon and Penod

.': Fig. 2;12 Flow of Dcsign_' Of_fshofe Wavc‘ Hindcasfing

19—



Table 2-6 shows the result of hindcasting of offshore waves for each
cyclone. The combined offshorc wavesattributable to "Nina" and "Kina"
(the hlghcst site significant wave height; 6.0 m, the maximum wave

height; 11.2 m) are remarkably larger than thosc of __o;hg:_pycloncs.

Table 2-6 Hir'ldcas:ti“rié'of OffshoreWavesfor éaéh_.Cyci_onc

Highest Site

Naximum

Highest Site | | ;

~ Cyclone | |-Minutes | Significant’ Vave Yave Yave
Nase = | ¥ind Speed . | Vave Helght Height |- Périqdr -} ‘Direction
o (m/s) . b om | (s) . | (degrees)
-Nina/Ki_na 20. 4_. ] 50 . :11.;2 ] 99* " 220 -

C17 7.1 . 2.0. ST LIk 280

C03 12,1 48 | 89 137 140

B ¢) BT N Y 2.8 B S L 190

HINA - 31 | 5.8 18.0 245

TCO6P 12.7 R Y I 170
RAJA SR 4.3 13.7 157

04 8.9 R -

ANNE 83 | 32 | 60 | 148 246
OFA 2T 80 | 18T 195

SINA 3.8 71| 149 205
JON | LS (8 B B0 | 164 203

NB 1) Astcnsk(‘) shows thc wave penod of comblned waves of "Nma"

and "Kina".

' 2) The wave penod and dircc_:tioh are the avcrﬁge values

if there are two periods and directions.

3) The columns wit_hdut figures for "Hina", "Raja", "Ofa" and "Sina"_ :

4) The columns without fi igures for "TC04" mdlcate that lts

indicate that no remarkable wind speeds were observed at the étudy

site even though they were among the worst tcn cycloncs with vcry |
high wave heights. -~ : :

wave height was not hlgh enough to be mcludcd m thc worst ten
list excluding “Nma/ Kma cvcn though it brought the stmng wmd :
of 8.9.-m/s to the study site, ' : : :




3) Hindcasting of wave deformation
Fig. 2~13 is a sketch of wave deformation in shallow waters. The
steps of calculation are shown below.

@Hmdcastlng of wave deformatlon in shallow waters

Based on the result of the on-—site sound:ng survey, the deformation
of the offshore waves in the shallow waters was calculated using the
encrgy balance equation to obtain the equivalent offshore waves (Ho', Lo').

(@Hindcasting of wave breaking and wave deformation on the reef flat
Dcfoﬁnatidn of the breakers and the waves on the reef flat was
calculated to obtain the dcmgn wave hclght which had reached the south
and the north groins, As for the wave breaking deformation (between
- points a and b), the changes in the wave height and the sea level due to
wave breakings were taken into consideration. These deformations were
calculated using Goda's method of calculating wave heights in the surf
zone. That method takes into account the changes in the mean sea level
due to radiation strch_c's and to surf beat. The wave deformation on the
reef ﬂét (between points b and ¢) was calculated assuming the water level
elevations on the reef flat near the south and the north groins to be 1.5 m
and 2.0 m respectively. ‘

. Table 2~7 shows the result of hindcasting of wave heights
attributable to the two. cyclones. The result indicates that the wave height
changcs rcmarkably by the rise in the sea jevel at that time because of the
.wavc defon'natmn in the shallow ‘waters, the surf zone and on the reef flat.
If thc_,watcr l_e_vcl rises as much as 2.0 m, the maximum wave height
" becomes 3.7 m. | o

_ Tablc 2 7 Hmdcastmg of Wave Helg_ht Attnbutable to
' Cycloncs "Kina” and "Nina" '

Offshore lave Hexght : B(m)=6.0.
: Offshore Yave Period - : T(s)=0.9
Offshore Yave Direction: SV-

- " Yave, Setup(m)

S1te I’ave Helght(m) Ly 2.0

CH13 .| 25 7 _2.8
e | 88 | a7




Point

Plan of Reef

Shoulder of Reef

Equivalent Offshore Wave (H'o, To)-

Section of Sea Bottom

Equlvalent Offshore Wave (H'o, To)

Wave Deformation on leel |

Experimental Expression by

Messrs. Goda and Takayama

Deformauon on Breakmg Estimation

of Wave Height'in Sarf-Zone -

| Variation of Mean Water Level due to' '
. |Shoaling and Breaking Ly

of Random SeaWaves(bj Mr Goda) g

. |Diffraction |
| Shoaling

b L gHWL - ac OffshorcWavc
—r - ._____(Ho,To) :
" < ] A
/

Réfraction .

Flg 2—13 Skctch of Wave Deformatlon
_\-_22_ e




(5) Hindcasting of Offshore Waves at Site
1) Offshore wave height with a return period -
Fig. 2-14 shows the stcps for hmdcastmg of offshore wave hclghts
w1th a return period.

Reference to the Global Spearal Occan Wave ModeI(GSOWM) [Hindcasﬁng Design Offshore Wave
for Waves md Wmd Data of the S;ie attributable to Cyclones "Kina" and "Nina"
, , J
' |Selwtion of 10 Cyc]onw by great Influence on the Site
30 yearg in the Past J,

|S‘M' jcal Analysis of 11 Design Offshore Waves |

Design Cffshore Wave Hc_igh!sﬂ .
with Retum Periods(30 and 50 years ‘

F1g 2-14 Flow of Hmdcastmg of Offshore Wave Height |
w1th a Rctum Period

"”Fig 2-15 shows the relation of the equivalent offshore wave heights
© with pcnods and F1g 2-16 that with directions. As shown by the arrows,
the periods for cyclone waves are likely to be 12 to 14 seconds and the
wave dlrcctmn SW-SSW. - The mean penod and thc direction by visual
'obscrvatmn dunng thc study pcnod were 12 to 13 seconds and SW~SSW
' respectxvcly _ : -
; Flg 2-17 shows the result of hmdcastmg of dcs1gn offshore wave
_ helght with return pcnods in respect of 11 cyclones shown in Table 2-6.
~ Table 2-8 shows thosc of design offshore wave height w1th return pcnods
o of 30 and 50 years as well as the dlrectmn and period of waves affecting
_ the- study site. - 'Fig. 2-17 shows the ‘combined -wave attributable to
' 'cyclones "Kma and "Nma has thc rctum pcnod of about 60 years.
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© Table 2-8 Offshore Wave Height with a Remmﬂ_m ik

Return Period |- 30 Years | 50 Years | -
| Wave Direction |SW - SSW |SW ~SSW | -
|WaveHeightm)| 51 | 58 |

Wave Period(s) | 12-14 | 12-14 | =

TR



Probability of Non—-cxcccdancc(%)
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2) Design wave hcigh.t.with a return period
' Fig. 2-18: shows the steps for hindcasting of des1gn wave hclght
w1th return periods at the proposed site.

Offshore Wave Heights with
the Return P_eriods(30 and 50 Years)

IWavc Dcformation in the Sha]ldw Area I

Calculation of Wave Brcakmg and
Wave Defoxmatlon on the Reef Flat

Design Wa_v.c Héig_hts'with :
the Return Periods(30 and 50 Years)

Fig. 2-18 Flow of Hindcasting 6f Design Wave Height with a Return Period

Dwave dcformatmn in shallow waters -
'The steps for hmdcastmg are the same as dlscussed in (4) 3) @.

- @Wave deformation in the surf _zon'c and on the reef ﬂat:' ' -
The steps for hindcasting are the same as discussed in (4) 3) @,

The result of hindcaSiing of the wave direction SW- and 'thc "périod
14.0 seconds which would affect the planned site is shuwn in Table 2-9-

for comparison with the offshore wave height with a return period shown x

in Table 2-8. The rise in the sea level by cyclones. “Kma and “Nma ‘was _
abnurmally large at above 1.5 m according to this study As the combmcd ': _
wave height had the return petiod of about 60 years, the elevatmn of thc _
sca level was set at 1.5 m for hmdcaqtmg of wavc henghts w1th the return:
=p&:nods of 50 and 30 years, o '

 Table2-9' Des_ign Wave Height with a’Rcf@m Pcnod L

" |Return Period 30 Years | 50 Years: _ Remarks -

 [Wave Height(m) | 5.1 | 58 " |wave o
|Design Wave Heighty| 2.5 |~ 2.6 |Setup=1.5m |



{6) Soil Conditions . _
. At the grom reconstruction site, the soil exploration was conductcd
~ by-boring at sea and by 1ab0rat0ry test. Three holes were driven into the
depth of 10 m. The survey sites and the profile of boreholes are shown in
Fig. 2-19. The soil conditions at the site are discussed below.

1) Exccpt thc surfacc layer on the coral recf the site consists of very hard
coral rocks with N value of generally above 100 according to the standard
'pcnctratmg test,

2) Although there are some gravels and sandy soil in the voids between
the coral rock layers, the soil conditions are comparatively good with N
value of above 20.

3) The surface layer for about 50 cm at BH-3 consists of sandy coral
picccs which are the debris of the damaged groins.

(7) Material Tests
The result of the tests on thc aggregatc materials for use as concrete
" materials is shown in Table 2-10. Concrete samples were prcpared using
 these aggregates and the unit volume weight of concrete was found to be
very light at about.1.87 g/cm3. '

" Table 2-10 Test Resuits of Water Content, Dry Density
~ and Unconfined Compressive Strength-

" TestItem | Water | Dry |Compressive
.\, - | Content | Density | Strength [  Remarks
‘Sample Name | (%) (t/m3) | (kg/cm2) '

|__Sand D | 338 | 110 | - B
_Sand @ | 187 | 114 = White Sand

1 - Sand @ 19.9 148 | - - [NoSilt contained
_ " Average . | 241 [ 124 | - _
. Corachbns@ 11| 212 | - 351 |Dark Gray Outer
' Coral Debris @] 1.1 | 224 | 622  |Light Pink—-White

_ Avcrage g 11 3 218 4 487 |Inner

-



(8) Seismic Condition - :

As there were no seismic data available in Vaitu‘pu, the study team
used the data supplied by the International Seismic Center in London. The
data indicated that there were hardly any .carﬂlquakcs near the island, the
maximum acceleration for the seismic movements was 10 gal (10 cm/s2).
Therefore, there is no need to consider any effect of carthquakes.

s
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2-3-3 Ir_lflastructurc

Valtupu Island is about 150 km north of Funafutl Island wherc the country s
capital is located. The only means of transportatmn to thc 1sland are the three
inter-island ships owncd by the Govcrnmcnt ‘This. sectlon shall now dxscuss the
infrastructure. ' '

- (1)Road. Conditions . _ .

The island has a.onc-lane unpavcd road runmng pd.rallcl to the
coastline fmm the fishery harbour to some parts of the island. Many local
people walk the road and small old trucks, tractors, small buses and motor
bikes go past them occasionally. o |

' (Z)Electncny and Communications
| There is no publxc power gcncrator to supply cncrgy to all parts of
the island. All private houses use kerosene la:mps and some public :
facilities have solar type small generato:s “For commumcanon they have
wireless' phones ‘which thcy can use for about one hour on weckdays.
Tclephonc commumcatmn is qulte 1mpract1cai

(3)Water S :
As thcrc is no pubhc watcr systcrn, pcoplc drmk rain watcr Therc
are some VIIlagcs whlch have wclls R '

_ (4)Mcdlcal Care _ : .
There is no modern medical care facnhty A lucal nurse is statxoned
full time at what appears o be a cllmc ' L

(5) Area for the ijcct Sltc . SR SO
_ . Behind thc site for thc ﬁshery harbour therc 1s a coopcratlvc storc a.
church and some pnvate houses On the- lagoon 81de thcrc are the. Island .
Council's facilitics and the Flshcncs Centre built by the prevmus grant aid.
The entire arca for the project belongs to the’ Island Councﬂ and :
therc are no problcms regardmg sncs for n:storatlon a3 Was the case in the _

: prevmus grant aid project, Thc request’ ﬁom thc G(.wcnnncnt statcd _
sxm:lar points whlch we wcrc able to conf' rm dunng the site survcy
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