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Type of "Average No. of |
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(%) (person/vehicle)
Motorcycles i6 . 1.2
Passenger Cars 14 2.0
Mini Buses 45 14,1
Trucks _ 25 ’ ' 3.2
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(Unit: vehicle/year)

Motor- Passenger
Year Cycle Car Minl Bus Truck Total (%)

1987 56,094 - 29,449 13,427 32,868 131,838 (100)
1992 62,053 32,578 14,853 36,359 145,844 (111)
1997 67,843 35,617 16,239 - 39,752 159,451 (122)
2002 74,172 38,941 17,754 43,460 174,327 (135)
2007 81,093 42,574 - 19,410 - 47,515 190,592 (148)
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(Unit:_vehicle/year)

Motor- Passenger

Year cycles Cars Mini Buses . Trucks Total
1987 . 7,229 - - 5,690 12,919
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1997 . 9,905 - - o 7,797 17,702
2002 11,594 - : - 9,127 20,721
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Motor-  Passenger : o I
Year cycles Cars Minl Buses fTrucks = - Total
1987 63,323 29,449 ' 13,427 ~ 38,558 144,757
1992 70,515 32,578 t4,853 43,020 . 160,966
199y 77,748 35,617 - 16,239 - 47,549 177,153
~2002 85,767 38,941 17,754 - 52,587 195,049

2007 94,665 42,574 19,410 58,199 214,848
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: (Apfkb) -
Deprecia- Repair .
tion and and Main-  Operator
. Tire apg ‘Intrest tenance and Over-

Fuel Cost 041 Cost Tybe Cost Costa Costs head Costs Fotal
Motoreycles 2.2 05 .04 1.73 © 16 0 4,18
Passenger Cars’ 4.4 .09 .35 [ . .85 0 11,69
Mini Buses 5.9 2157 .98 12.96 5.12 1.4 32,56
‘Trucks 6.2 W13 .89 6,7 - 2.62 4.1 - 20,64

EREFRBEECETES (4.0 ka) , WAZRE (F5 - 1BH) ERLT

BETBHARDLONRED - 8TH 5,

£5-8 ERTHORETHER

(A$)
Motor-  Passenger _
Year cycles . Cars Mini Buses Trucks Total
1987 [0,588 13,771 20,172 31,833 76,364
1992 11,790 15,233 22,315 35,518 84,856
1997 12,999 16,655 24,397 39,256 93,308
2002 14,340 18,209 26,674 43,416 102,639
2007 i5,828 19,907 29,162 48,049 112,947
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Without With B
Project Project (1)-(2)
(1 “{(2) Transport
Transport Vehicle Cost
Codt by . Operating Savings with
YEAR Ferry -Cost : Causeway
1986 526 - 526
1987 1,397 76 1,321
1988 812 18 134
1989 228 80 148
1990 228 81 147
1991 229 . : 83 146
1992 229 _ 85 : . 144
1993 230 87 ' 144
1994 230 88 142
1995 230 90 140
1996 231 92 139
1997 231 93 138
1998 . 232 ' 95 137
1999 232 97 135
2000 ' 233 : 99 134
2001 ) 233 S 101 : 132
2002 1,638 103 1,535 .
2003 - : 936 ios - 831
2004 235 167 128
2005 235 - 109 126
2006 236 111 125
2007 236 113 123
SALYAGE VALUE ~-1,498 - -1,498
TOTAL - 7,749 1,972 5,777
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Motor-  Pascsenger Mini
Cycle Car Bus Truck
(1) Average Occupancy
{Persons/Vehicle) 1.2 2 14,1 3.2
(2) Employed /1
Persons per Vehicle-—
(1)%0.4 0.48 0.80 5.64 1.28
(3) Passenger Time /2
~Value {A$/Vehicle)'~ 0.58 . 0.96 6.77 1.54

Il Estimated to be 40% of tgtal occupant per vehicle
/2 Estimated to be A$1.20 per hour
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{A$ 1000)
Motor—- Passenget _ : '
Year cycles Cars Mini Buses  Trucks Total
1987 21 18 59 33 132
1992 23 20 65 36 145
1997 26 22 71 40 159
2002 28 24 78 44 174
2007 31 27 85 48 ‘ 190
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WEHOEMMS 1 02EELL, TORBERRIR- 0.75 £8%, X, 72 Y
CHIBET v - P HEORR, WEO 6 HRERL RO TS 5 0EY, B
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£5-12 GAMBREBRONE
{Unit: vehicle/year)

Motor-  Passenger
Year cycles Cars Mini Buses Trucks Total
1987 16,828 8,835 4,028 9,860 39,551
1992 18,616 9,773 4,456 - 10,908 . 43,753
1997 20,353 10,685 4,872 11,925 47,835
2002 22,252 11,682 5,326 13,038 52,298
2007 24,328 12,772 5,823 14,255 57,178

Cil ) ERA BT & 3
ERAHBIC L AEEE, RESH (BREE) OBEXO 1/2EHLELTIOS
PERIICID 50T 5o - THRLBIC & 58250 T8 5050 8 8 25 0
DX DIE L,

#£5 13 BEXRZIIOZAMORUHMBHELS

(A$1000)
Cost Time
Saving Saving
Year Benefits Beneficg Toral
1987 : 34 20 - 54
1988 a5 20 53
1989 kKt 21 57
1990 35 4 57
1991 37 22 59
1992 38 22 60
1993 39 2 61
i994 34 23 62
1995 40 23 61
1936 41 23 &4
1997 3] 24 65
19%8 42 24 [13
1939 £3 25 68
2000 53 25 63
200t [13 26 10
2002 - 45 26 LRt
2003 46 26 72
2004 47 27 74
2005 47 27 Th
2006 48 28 6
2007 49 2% 78
TOTAL 870 504 1,374
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LIST OF PERSONS INTERVIEWED (From 5 Apr 1985 To 4 May 1985)

Ministry of Communications

Minister

Secretary c

Senior Assistant Secretary

Marine Superintendent,
Marine Division

Senior Customs Officer

Ministry of Works and Energy

Secretary

Chief Engineer, Public Works
Division

Senior Assistant Secretary,
Mobil Oil Agency :

Ministry of Foreign Affairs

Acting Secretary

Ministry of Finance

Secretary

Economist

Chief Supplies Officer,
Supply Division

Stock. Controller,
Supply Division

Senior Storekeeper,
Supply Division

Chief Statistics Office

Hon., Taomati T Iuta
Mr John I Tonganibeia
Mr Inatoa Tebania

Capt Beiaiti Highland
Mr Patric Barey

Mr Koraubara Tetabea

- Mr Bill Young

Mr Tekire Tamuera

Mr Peter T Timeon

Mr Beniamina Tinga
Mr Peter Poulsen

Mr'Temoai'Tuakai
Mr Raurenti Taake

Mr Teinai .
Mr Charles McFadden

Ministry of Natural Resource Development

Secretary
Chief Fisheries Officer
Senlor Fisheries Officer
Assistant Fisheries Officer
Boat Builder,

Fisheries Office at Tanaea

Mr Teken C Tokatake
Mr Barereil Onorio
Mr Teekabu Tiikai
Mr Maruia Kamatie

Mr Nelson Reiti
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Ministry of Home Affairs

Chief Lands Officer "~ Mr N Papps

Betid Town'éouncil :

Town Cierk . : Mr Rubetake Taburuea

Teinaninano Urban Council

Urban Clerk Mr David Yee-Ting

Plant and Vehicle Unit

Manager Mr Manraoil Kaiea

Public Utilities Board

General Manager Mr Nataara T Biribo

Te Mautari Lta

General Manager Mr Brendan Dalley
Fishing Master Mr Pikia Tiroba
Police

Commissioner Mr P J Somerville

Betio Hospital

Doctor Dr Eritane Kamatie
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¥.17/20, ¢3,1 /1 SUBT33Z0N DATE: 8/11/84%
/2 DLLNTMG OFTICE CONTACY: C€.2.0.

FACIECT TNDTNG SUBMISSION

TIILH ar FZOJ"C : Patiag~Naiziki Causaway — Fisheries Channel Froject.
LCCATIOM: Souilk Tarawa
IamL:::rr:rr AUTEQRITY: Ministry of Warks and Energ

-

Pubklic Worls Division

F20I=CT COCR DIEATC“. PHD. Chief Enginser
PROPESIIONAL ADVICE PY¥D Chief Engzineser

"ORJIECTIVES OF DPROJECT:
lo

(&)

Previcus bonﬁdltnnt 5 renorta

the cal consizuction of ‘a perzarent causevdy between
the island of Betio and the r2st of South Tarawa;
(Full technical details are given in Appendix I)

to eocse ac

ass and carmmurmnication wzthlt the cac*t
of RKixibatiy

~
<
i

to greatly raduce the recurrent casis ol l_nﬁlng Bazio

-and the rest of South Tarzwa;

to aid the comsolidation of goverm=exnt, other public
and private sector seivices; '

to aid tihs administrTation and managesment of all South
Tarawa institutions; and

to construct a chamnel over the regef comnecting the

lagoan with the ocezn tao allow fish and fishermen's
access.

This project has been given a very hl"” przquby by Cablnet as statead

in the ¢ur-ent Naticnal
in Appecndix IV

Developmen® Plan (Furither details azz given

BACKGACTND :

The project kRas a long and unfortunate histery, details of
which ares given in Appendix TI.

AllL preparatory work has beea completed i.e. surveys, cost

stadies and feasibility siudies and techmical documents are
held by the PYWD Caief Englne__o
Otker projects and public investmenis are dependent ¢gn this

project.

Thes=2 are lisfed in Appendix ITEL.

BENEFITS:

()
(ii)
(iidi)

(iv)

Cost savings due to the displacemen: of the Ferry and
Lighterage services;

‘Remaval of the need. for a new Ferry Terninal at

Talsoronga;

Cost savings due to the improved administration and
management of all sectoars of the acscnaxy;

Cost savings due to a lessening of congesiion on Betio;
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() ime savings and social bene?
caprmunications within Sguth T

(1) Time and cost savinzs as the local fishermen's access
- to the ocean is greatly enhanced; and

s . . - ~ : /e
(vii) The wmeintenance of the maite ecclogy.

Furiker details are given

in tHe Apgpendix covering Economic Viahil
Appendix IV. ' ' '

[
r
L‘I
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APZENDITN I r TEQENICLL PROFROSALS

Following the fa11ure of the firsc attempt to corst“uc* a causeway
between Betio aand Bairiled various alternative desi igns were put for-
ward by:the coniractor, consultant enginesr and the Asdan Develonment
Bank consultant. ) )

These susggestions were under cansideration vhen the idea of.a cause-
wav/runway was put forward and they were subsequently d‘sca“ded in
favour of the causzeway/runway. The causewav/runwav suggestion was
alsa rejacted, on the grounds.of eXcessive costs in lata 1982 and the
project has not moved any further farward since then.

The Public Works Division (“WD) believa that the suggestion Tar a
mininum cavital cost causeway put forward by Mr. B. D. Robertson of
Sinclair Knight and partners Pty Lid. for the Asian Develovment Bank
had merit and could be acdepted by us in 2 slishily moedified form.
The construction of this ¢auseway could be c¢arried out by the P.W.D.
using our existing eculnment.

The imensions of this minimum causeway zare talien as erast Elevatior.
R.L. % 3.0metres crest width 10 metres, beach slope on the lagoom
side of 1 in 8 and beach slope on the ocean side of 1 in 15. The
quantity of material required for this embanlonent is 285,000 cubic
metres. The EBridge over the Fisheries channel would be 10 metre wide
and have a span of S5a. Ths ap:rofzmace decit level would be R.L.

+4 0 metres.

There 13 an estimated guantity of 90,000 cubic metres of material

?

occurrzng naturally on the rTeef flat in the form of relatively stable
sandbanks. This material c¢an be pushed intc the causeway shape by
construction plant working at low tlde~ This leaves a deficiency

of 195,000 cubic metres which would beeﬁcavated from the reef flat wo
on the lagoon side between Bairiki and Betxq} Haroour.

rFIt is envisaged tkat the 90,000 cubic metres of sand at preszent on

the causeway locaticn could be pushed up into the causeway cross
secclon us;ngAﬁulldozer operating at low tldes. The material to be
xcavated from the reef flat would'berpusned intae stockpiles by a
Bulldozer and would then be loaded by %two loaders inte 5 No. Nissan
5.5 cubic metre capacity tirver ftrucks 2nd one 19.85 cubic meire
Dumptrucic. These trucks would then haul the material approximately
3.2.km to the causeway s;te where it would be sprz2ad by a Bulldozer and
a Motaor G adex

To facilitate the continmuunce of the nresent accleogical movement of
fish zInd other marine life between geean 2nd lagocon and to allow small
local exaft to reach their fishing grounds from their lagoon moorings
an opening between the two islands has to be maintained.

The type of works required would be a channel across the reef whickh
is 5 metres wide and has a minimum depth of 0.3 metres below a spring
low tide (say - 0.4 metres). The roadway would have to bridge that
g2p and the struciure recommended for that is 2 single span bridge of
concrete encased steel beams with 2 reinforced concrete deck., The
abutcents of the bridge are to be 5 metres aparzi, the approximate
clearance under the bridge should be 1.5 metres above a spring high
tide., Suggest underside of Bridge beams to be ot 3.5 metres,,

AllL excawvation worik for the chiammell can be carried ocui using loezlly
available equipment,
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PDesisn
Lesisz2

The design 1s very much a combinstion of some of the desigds alrsady
put forvard. The crest elevation of 3.0 metres abave chart datum
haz been chosen by Wilton #nd Bell for their Causeway/Sunway provosal
ancd also by B.D., Robertson of Sinclair Knight and Partners in their
report of March 1980. This height compares with Nanikai-Teazornereke

zuseway of +3.05m and Ambo-Taborio causeway of +2,55. The road on
the present sandspit has an elevation of +2.6 metres and lodls
persectly adequate. The finished height of the causeway is not the
significant factor in assessing sarety from storm damage.

The crest width of 10m is comsidersd to be the minirum desirable
width to.accommodata a road of 5% met—es together with footpaths and
an area for services, and also maintain a swall margin for safety.
It is anticipatad that some acretion’will eccur on the norihern side
of tke causeway, mainly caused by the degasiticm of lime muds which
at present are held in suspension and then lost on the ebb tide to
the ocean. It is not considered necessary to conmstruct the road
surfacing immediately following complevion of the causeway,

The lagoon beach slope of 1 in 8 and the ccean beach slope of 1 in
15 allows for a vun-up on ore day in 100 years but for no beach
flattening. It is zne* anticipated that any beach flzibening will .
occur as the particls size of the £ill is expected to be well in
excess of 1.0mm grain size, the vast bulk being coral Tubble,

Borrow Area

Previous advice has been against the removal of material from the
coral reef. Holmes in his rerort of 1976 states "Removal ol
siznificant amounts of material from a reef would modify the
refraction of waves over the reef and would chamzge their direction
o% incidence aon the Island's shore. Potentially disastTous erosion
of the pnarrow land could occuz”,.

It is considered that this statement is ill advised and unsubstantiate
Temaiku Bund, Ambo-Tabario, Nm ikai-Teacraereke and Nanilkai-Bairilki
causeways have all bheen comtructed by excavating material from the
lagoan reef flats and there have been no serious aiter effecis.

The rosive effact of the reef excavation can be kept te a minimun
by shallow dredging over larze areas in sections of similar width,
parazllel -to the shoreline. This reduces the reflection of incident
waves and restricis any changes to the ends of the excavation. The
proposed site for excavationm is on the lagoon flat between Bairiki
Ezrbouxr and the Marine Training School (M.T.S.) channel on Betio and
it is intended to excavate a long widé section of reef to a depth of
250mm to provide the causeway fill. (see sketch). With an excavation
of this shape the vuloerable areas will be at the ends and at any
change in the excavation widtk. The eastern end is the Bairiki
Harbour mole and the new causeway itself. The Bairili harbour mole
could not be eroded and the new causeway will have 2 high degree of
resistance to erosion due to the particle size orf the fill. The
westerm end which cauld be affecitad is the area between the M.T.S.
channel and Batio harbour east mole, It is not anticipated that

any material will be los® frow this secition as the sand beaches are
"locked in" by the M.T.S5. Jetty and tne harbour mole, but some move-
ment may take place. It is anticipated that any erosionm that occurs

could be dealt with quite ezsily by conventionzl methods (sand
replacement, stone wall or gabion baskcts.)
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RPesourcsy

The Public Works Division has a% present gadre very experiencad and
hizghly - skilled gplant operators who have praoved their capabilities on
“the Outer Islands Airrield consizuction and the Outer Island Read
upgrading projects. These men are at present employed on Scuth
Tarawa by P.W.D. but not necﬂssarlly on tasks commensurate with

their skills. They can be made available to worle under the dl,ect;o:
of the contractor appointed bv the donor.

JEESaPTant and Ven_c*e Unit has 111 fhe necossary equ1nmequ for th
‘-_._m_

constrictiou of the causaway in its possession. This eqguipment is
at presant being under-utilised. The ‘plant should be utll*sed by
the contractor appointed to do ‘the work.

The etlstlng m:nagemeqt af P.W.D. Civil Engineering Secition could
monage and carzy out tae work provided funding is oade 2vailable.
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ADSINDIE IT : SUINIRY OF MACKIRSUND INFORLIION 1O 1934
1964 and 1969 Reports on proposed Betio-Rairili causeway,

Wilton and Bell, Consulting Engineers, Sydney

1969 : Borehole and probe survey of the proposed
adjacent lagoon bed as a nossible source of
embanient £ill material. George Wimpey &

Co, australia (Full report ond cores etc. with
" Wilton and Bell.)

1974 Evaluation of causeway project hy UNDF
Advisory Team {B. Injzc. Suva).

1976 {March) Wilton and Bell engaged as consulting engineer.

1976 (July/aug) Asian Development Back pre-appraisal/appraisal
mission to site.

1976 {lug/Oct) : hllton and Bell asked to car—y out further

. . coasval engineering studies etc.

1976 (0ct) Wilton and Bell asked to proceed with pre-
gualification of interested contrzelors.

1976 (Nov): 'ADB. zpproval

1977 (Feb) Wilton and Bell design retort issued

1977 {March) Report by Wilton and Bell on pre-gqualification

' - of .contractors.
1977 (March) AD3 and Kiribati Goveranment sign loan agreement.
1977 (Aug) Pre~-tender conference on site and issue of

teader documents,
1977 (Oct) Wilton and Bell advise K.G. on lowest tender bid.

1977 {Nov) Coutract awarded by K.G. to F.D.C. Ltd. Value
' AZ1.936 million,

1978 (Jan) Contractor on siﬁe. Dredging due to ssart May
1978 and estimated compnletion of dredzing
August 1978.

1978 (Aug) Dredging started.

1978 (Dec) Draedging stopped. Contractor claimed extra
costs due to shortzage of dredgeable material
and or material being more compactad 'than
might reasonably have bheen anticipuated!.

1979 (March) K.G. brought in independent Dutch dredging
exgert for report on P.D.S5. dredger and:
recommeadation.

1979 (ipril) Renart - Analysis of Dredging Works at Terawa by
J.4%. Van Koeverigze of Roval Velker Stavin.
P,.D.C. dredzer condemned - impossible to
counleta coniTact.



1979
1980

1980

1981

1982

1983

1984

(July)

(Dec)

(Julvj

(Dec)

(0ct)

(July)
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Protracted megotiatilons and discussions between '
K.G., Conswltant, F.D.C, and thedix legal advigers.

Contractor {(P.D.C.) expelled from site by K.G. on

‘adwvice af Consulitant.

P.D.C. Initiated arbitration proceedings.

Agreemen: between K.G. and P.D.C. resolving
distribution of site plant znd equipmant and
postponinr arbhitrotion p"ocdedings.

A.D.B. (Rouevtson) Technical Assistance report
on progosed fur ther Gaoy echnical Investigations
for the causewayv project.  Proposal for “mlnlmum
diménsion” single causeway.:

ADB Report TANQ 383 KIR - YKiribati Causeway
Geatechnical Investigations™ - Joon Commell,

Consulting Engineers, Melbourne, Australia

Renort covers borenole and.f$6be investigations
of | o

A original borrow area in lagoon bed
B borrow ared alang centre line of causeway
C borrzow area on lagoon reef flac V.u. of
- Betio
D} borrov arsa on lagﬂcn reef flat near
Bonriki runway :
and confirmed adequate auantzty of material
suitable for dredging awvailable in original
areda. S

Reoorﬁ on feagibzl*ty of ccnst"uctzng a nroposed
Betio-Bairiki Causeway/Runway by dredged f£ill
embankment. (John Conmell). The proposal was
to combine the réequirement for a new and bigzger
runway with the causeway to Justlly the
mobilisation/demobilisation costs of a medium
large cutier/suction dredger. The report
indicated the costs would be excessive.

XG gave up Causewaﬁ/%ugway proposal and decided
to proceed with dual causeway project enguiries.

Afbiﬁration proceedings between P,.D.C. and K.G.
abandoned by mutual agreement. :

PHD proposal for "minimum dimension”

—~ Causeway - Fisheries.Channel Project
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APPINDIX IIT : RELATED BROJECTS/BEISRCISES

Consolidation of Supplies Division
'Cohsolidatidn of Flant and Vehilce Unit

The BVY have identified the followzqg henerfits which would
arlse f;om the construction of a causeway.

(i) c;asure of Bairilei Mechanical_ﬁorkshop;:
_.(ii)'ce:t:alisatioﬁ of vehicle hiring on Badrilki;
(iii) centralisation of guverament fuel outlet on Badriki;
(iv) easing of repairs to heavy eguipment on Betio;

=

These "bhenefits" would realise savings in vehicles, stail,
snares and electricity; :

ansolidation of Eiribati Edusing Cbrpcration

Tarawa Water Supply Project — Betio—&#i:iki pipe Laying.
Talkeronga Fer rv Terminal - unnecessary $f Causeway proceeds.
,Reolacemeu* Ferries - unnecessary if Causeway procseds.
Regositioning of Betio—Bairiki Submarine electricity cable.

Public Servrice Review,
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ADDENDIT IV : ECONOMIC VIABILITY

This prosec* has baen agzeed by the Kiribati Goverament and.accepted
as a top priorvity projecht. The Minissry of Fin:ince has been asiced %o

pursuve financa.

The altarnztive to the Causewa y/“isheries_Channel-is to continue . and
try to improve the existing ferzy service. A new ferry terminal at
Taltoronga, Betio has béen proposad by the anlst¢f oxf, Ccmmun*catlons
St7at a cost estimate. of ASéOp,OOO.. An alternative fer®r terminal on
Betio will prove-all the more necassary oucs the Betio f*snerlns Jetty
is constructed. The Causeway and the ferzy terminal are mutually
exclusive projects. National development must be seen to be far
bettar served by a Causeway. The ickial investment costs z2nd -
neglizible maintenance dosts of a Causeway/Flsherles Channel mmst

e preferred to tne annual and ipcreasing operating costs ol a ferzos

service,
Demand

Statistics of ferTy traffic are presentea helow in TabTes 1 énd 2,
A total of 8,115 moatorecycles and 2,191 other ‘vehicles were also
ferried between Betio and Bairild 1n 1983. TherE_ls obviously a
high demand for traffic between Betio and Badiriki whici is quite

¥number trs ve11lng from Betlo to Bairi kl and Bairiici to Betio.

T ABL E 1

FERRY PASSENGZRS *

1973 - 219,000

1974 : 260,000
1975 314,500
1976 356,000
1979 k11,784
1980 ' 371,025
1981 - S 411,077
1982 509,462
1983 379,611

§1ikely'to substantially dncrease with the construction of a more
convenient causeway/Fisheries Channel.

TABLE 2

CARGOH LIGHETERED (TONS)

BELT0/BATRIRI BATRIXT/BET IO TOTAL |
19,2 3331.,5 1351.7 hega.2
1579 2e81.8 B8 © Be%s.s
198G 5323.0 832.3 6155.3
1981 Loy2.3 646, 1 h713.h
1982 2977.8 545.8 . 33273.6
1983 3847.,0 £06.7 Liks3,.7

Economic Costs

The origzinal ADB economic apnraisal and subseguent reappraisals
descoribed the Causeway Economic cosis as:
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(i1} Maintenancs _ '
(iii) Additional Vehicle Operating Costs

If locally constructed, eapital costs are estimoted to tdtnl”ASon;ooo
only, this represents a great reduction aver pravious estimates,

Maintenance costs were set by ADE in 1976 at Ag13,000 then AE30,000,
These are a gross over-asiimats, sven for 1934, and excesed PW¥D'!'s touz
South Tarawa causeway maintenance allowance of A82,500 for 1985. 4n
ennual allowance of AZ2,000 would be moré realistic. The additional
vehicle aperating costs are also unrealistic, as such costs would be
more than outiveigzhed by the vehicle operating cosis-savings, due to
reductions in the size of hoth the public and private vehicle fleats,
These are partially duplicated at present because of the laclk of a
perzmanent roadlinik between Betio and Bairiki,

Economic Benefits

Economic bepefits can be listed zs follotrs:

{i} Cost savings due to the disnlacsment of the Per—y
and Lighterage services (inciluding fuel trens-
portation), and thée removal of the need for a new
ferry Terminal at Takoropga, resulting in lower
costs of importis; . :

(ii) Costs savings due to the consolidation of goverament
- services avoiding the present duplication of some
government siarfl, buildings as well as velhicles.
"PVU and Supplies Division could be reorzzmised;

(i1i) Cost savings due to tbe impreved administration
and management of Goveroment, Cerporziions and
private businesses;

(iv) Cost savings due to 2 lessening of the congestion
at Betio harbour, ezsing the port handiing of
other users, und emabling Bairiki harbour to be
used by Loca2l fishing bhoats; and

(v} Time and Cost savings associated with the local
fishermen's easier access to the ocean.

The permanent roadlink would alse be of great social benefit to the
pupulations of Betio and the rest of South Tarzwa ezsing their )
respective access to: the hospital; airport; TTC; Hetel; for Betzo
‘and the harsour; TTT; and HEigh Court for the rest of South Tarawa.
The Causeway/Fisheries'Channelg would eaxse Betio’s dense population.
THe Causeway would undoubtedly l23d to a large increase in the
trarffic between Betio and the rest of Soutk Tarawa.

Unfortunately few of the above benefits are directly and imme@iately
guantifiable. Also, the 4DB appraisal over-estimated the benefits
die to the Causeway by entering Ferry Cost savings from project year
1, {and possibly double accounting ferry depreciztion). ‘These are
mere realistically entered afier completion of congtruction.
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Pote of Returzn

An economic analysis should be based on the C“rﬂful assessment of
social, as opposed to fLinuncial, pricﬂs. To date, hardly an"_wor{

has been uuﬁer:a can to assess social (shadow ar ac“nhncanc") prices
for Kiribati. The Kiribati economy is however faizly open, using an-

international currency with next to no foreign exchangs ¢sutral, and
few other controls other thzn domestic taxes. The economy is howeveﬂ
axtificially stimulated by aid, On bzlapce Kiribati social prlc05 apd
financial or mariet prices should be close. _CausevaV_costs and
benefits (cost sav1ngs) re similar - i.e. machinery, fuel, labour

and any price dleucr*lons cauld be dssumed to effect both costs and
benefits ecually.

The fauseway/fisheries Channel progect is undoiibtedly econcmic Wlﬁh
a repayment of capital costs. Wlfhln two years and an estimatad -
internal rate of reiturn of over 50@. This can be 111ustrated bv the
following cost cowmrariscn:

CATUSZVAY
CcOSTS AS - BENETITS Ag
Construction (1) 920, 000 Fe:ry.cost savings (3)' 477,754
Annual maintenance: 2,000 Lighterage cost savings 22,246
. 500,000
Salvége value (k) l _ 81,359

There is little if any need for a Ywhat if" analysis of sensitivity.
Eowever if: .

(i) comsitxuction cosis are doubled and spread over
twoe years which allows for the importation of
equinment- :

(11) nFt cost-savings are reduced to A3290 0Q0 which
equates to the 1982 Shipping Corparation Accouncs
cost estlmatas for the fer‘f zervice

With these two magor cost/benefl» adaustﬂeqts the project stlll
returns an IR of 15%.

(1) A1) in 1984 prices

(2) ZEstimated total comsiruction cest of AZ920,000 in 1984 prices -
(See Appendix V for detajls)
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{3) Réfision of December 1982 Minagement Repori data by a faastor of
10% to allow for inflation to 1984
A

Staff Costs 177,972,
Maintenance and slipping 64,932
Fuel 96,000
Insurancs - &,006
Depreciation 163,000
Qther 27,344

b77,75%

Additional A822, 246 for savingrs in lighterage operations

= Ag500,000

Nota
‘Fercy reglacement and major overbaul costs included under

depreciation and maintenance and slipping cost elements of
ferzy operation.

(4) salvage Value at 10% of cagital investment.
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on the benepits 31ae of the. equatlon, ‘we hive not as yef beeﬂ able to
provlde quantificatién of the fubther benefits due to the const ruciion
of a. ceuseway/li*ne“ies c“aﬂnel i.e.: : :

(i) cost sav1ngs due to the consolic*tlon of government
sexvices avoiding the prasent duplication of some
governmént staff, buildings and vehicles. PYD, Fru
and Suﬁdlies Division could be reorgauised~ -

{ii) Cost savinzs die to the lmnroved admlnlstrltlﬂn and
manag=ment of govehnmeﬂt, Carporations and private
business; '

(iii) cost savings due to a lessenlng of the congestion
at Betio harbour, ea51ng the porit handling of other
users; and

(iv]) cost savings due to improved fishermen's access 13
the ocean, )
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MINUTES  OF  DISCUSSION

- ON
_-BASIC DESIGN STUDY
o S rm |
BATIO ~ BATRIKI CAUSEVAY , FISHERIES CHANNEL PROJECT
I

THE REPUSLIC OF KIRIBATI

In response to a request made by the Government of the Republic of Kiribati, '
the Governmant of Japan through Japan International Cooperation Agancy(JICA),
-the guvarnnental agnncy reaponsible fcr implementation of economic &tachnical
cooperntion programme of ths Government of Japan, dispatched ths Basic Design
study Team on Betio ~ Bairiki Causeway, Fisherlas Channel Progect

The Team headed by Hr.Takeshi KAWAGUCHI, Fiaheries Agency, Mlnxutry of AgrL-
cultura, Foreatry & Fisher1es, haa carrled out a fiald survey, held a seriea
discussions and axchanged,vlews with Kiribati government of{icigls concarnd
from Bth to 26th April,1985. ‘ | .
Both partiea confirmed following points mentioned in attachment.

April 19, 1985

' - = a ‘ 7 . Betio
: - . :
e s e _'-PXQ\._
Mr. Takeshi 3KAWAGUCﬁI o 'Mr. John IkAkeau Tonganlbeln
Team Leader : . ' 7 Secretary ‘
Pagic Deslgn Study Team on Betio-Baixriki #inistry of'CQmmunicgtidna
Causeway, Fiuhariep Channel Project The Republic of Kiribati

Japan International Cooperation Agency

T
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ATTACHMERT

Ths objective of the Japanese Grant Aid required for the Project is to conatruet
a causaway betwesn Betio and Bairiki islands, a navigation channel for local amall-
fishing boats and & bridge at the crossing of the cahﬂewaj and the chhnnel.

Exacuting Authorlty of the Project in the Republic of Ki:iﬁ&ti :
¥iniatry of Commmiecations

The Basic Deaign Study shall be complsted in line with the Design Cuidline attached
in ANNEX 1., which was agreed to between the Team and the Inter-Ministerial Commit-
tes of the Government of the Republic of Kiribati.

The result of the Basic Duaigu Study shall be compiled as a d;ﬁft of the Basic
Pesign Study Report, which shall be snbmitted and explained to the Govermment of
the Republic of Kiribati bf JICX minasion to be diapatched at the bdeginning of
July, 1985. ’

The Kiribati side has understood Japan‘s Grant Aid System explained by the Team
which includes a principle of ume a Japanese consultent firm and a Japanese general

contractor.

_ The Govsrnment of the Republiv of Kiribati will take necessary measures llsted in .
ANHEX: 2. on condition that the Grant Aid by the Covernment of Japan will be extended

to the Project.

e | - .
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ATTACEEMUT 0 THE MIDIUTLS

BT L - DUIICY SUIDNLINE FOR T :ASIC DESICH STUDY
Q7 BITIC-QATAIKY caust MD PISHTRYSS CHANNEL
PROJET : S

I~ Project Lonsth (See Figure No. 1)

Paginning point: STA C+00 noer junction with
existing roed of Dalrild

Fading point: STA 30+CO noar e eantarn i3 Fuees
_ - end of Detio
Cauzewsy lengthi 3,000 B ' ey

.2  Miempent of Causewsy

}!cri:ant:_xl 2liznmanty  As proposed by PuD

Vortical aligncont

Canaeways Laval
Approach to ths
bridge: 2,57
I-3  Desirm Soned: 50 ka/hr

Td Tredoal Cruss Jection of Gouoouay

(1) Crest elevation: RL + 3.0 (lowes’)
{2} Croot widih: 10a0nm

{3) Roadway with
pavemont § 640m

(4) Altematives of oausewny embankpont to be studieds

" Slosa of "mbsnkaont

Tyms . Ocesn aidse Ln.o;oqn aida
iypa 1 1115 118
2 .
'.[‘3—1532[ 1:2 1‘:3'[] 118
type 3L2 1i2 1130 1.2 1,3

Hcte[‘l t Slope Protection

Slope protection with grout filled fubrio nmat op othsy
suitable measures will be providad on the rill &lope
of omusewnye

A
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"otcg Alternotive crons sestions (Tyre 2 and Type 3)

are establisbied by the Study Veam.to:

(1) minimize erosion of 11 si’qpa'

(2) maintain durability of embankmont

{3) mininize emvironmental problemo which might

ba coused by exocavating £i11 matorial frca.
the logoon reef flat.

-5 Paheries Chennel
(1) Approximate loocation of :channel to be conatrugtod
: STA 19 + €O
(2) Width of channel: - 10.Cn _
(3) Dapth of channal: 1.0 below a MLWI oF
Reli = 14Cnt
o Tridma acroas channel
(1) Clear span: 10.Cm
(2) widiaz of dridge: "™
(3) Clearance froom HLIS1 2obm
(4} Tack elavaiion: Rel '+ 5.
(5) Tgre of Bridges Reianforced .
-7 Zorrouw Arma _
FroW areal = wvatdon proposed by LiL dWay %
g the 1 af f£lat within Borrow arean 7
the ~ . on the ocean side pepr Br” ki
I8  fuormy 54
Coral rc ia used for asgrogute 6f concrote wtructurs and
pavemen® Jo obtalned from the quorzy on the ccoan aide
of Pon: ‘orsl yubble for slops protoctiion will algo be
obtaine:. - there,
Comrenta:

The followi  Qommonts are rolged by the Govemmment of Eirlbatd
in comnocti .. with {he denipn guideline:

(1)

(2)

the necescity of aliitional opening bo studied taking into
consideration marine 1ifa in the lagoan

Slope protection of tlie cuaseway miglt be necesoary if borrow
area for ths excavation ore solectad nenr to the cauzewaye.
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snnex 2

Hajor unde takme,.; to be 'talcen Yy the Govcrnmem: of the
Republic of Kiribati

1e

2.

3e

S

6,

Te

To secure lots of lznd necessary for 'hhe P:-ojec_te

To provide and accord neévessary permi e ons, hcences
znd other authorisations reguired for 'i: 1e execution of
ta2e Project.

'I'o ensure prompt unloa..ng, cu.stom.a clearmce for the
goods imported by the contracted-Japaresa u tms For the
Iroject. : .

) u""“" Japanese nationsls from cusioms d.a..ies,
internal taxes ‘and other fiscal levias which may be
imposed in the Rerublic of Kiribati with respect to
the supply of the products and services under ‘f;he
Terified Conbracts. .

To accord Japanesé nationals whose services may be
required in comnection with 'i:he supply of the products
and s=rvices under the Verlfled Contracts such facilities
s may be necessary for their entry inte the ..epu.bhc af
Kiribeti and stzy therein for the performance of their
WOTX . ' :

To maintain and use prdnerly and effectively the
fzeilities constructed unnder the Crant.

To bezr all the 'e.xpenseé. other than those to be borne
‘Dy the Grante.
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MINUTES OF  MEETING

. The Baaic Deslgn Study Team of Japan International CQOpération Agancy on Betio - Pairiki
Causeway, Flsheries Chamnel Project and the Inter-Ministerial Committes of the Government of
the Republic of Kirlbati held a mesting on 1Tth April,198%.

At the meeting, & draft of the Désign'cuidline for tha Basic Design oh,tha Project was
submittad and explained by the Toam based on flndings of reviewing the existing data & inforaa-
tion snd of the preliminary field survey. | ' '

As a regult of dlscussion, the Design Guidline waa confirmed by both parties as per
attached in pnnex l.. ' '

Heanwhile, Kirlbati side made an additional request fhat aupplemantary worka relating to
tha Projact would be covered in the scope of the Japanese grant aid requestad. .
(The contents of the additional request is shown in Annex 2. herain attached.)

%hile pointing out the difficulty to aatisfy the request on account of the demarcation
principls on worke of the Japsnese grant ajd syatem, the Tesm expreased its intentlon, in con-
alderation of Kiridati side's ardent hope for the request, to.convay'the reqﬁaut to the Govern-

ment of Japen and to make efforts toward realization of the request.

4% the end of the meeting, the Team expressed iias appreciation and paid its respect for
. >t : .

the effort taken by Mr.Inatoa TEBANIA to orgnﬁize\and chair the meeting.

April 17, 1985

. _ : Betio
> /
gt /Am
AF, Takeshd KAWACUGHI - Mr. Thaton TEBANIA
Taesm Leader ' Senior Asslstant Secretary
Pasic Dealgn Study Team on Betio-Bairild '{niatry of Comﬁunic&tion
Causevay; Fisheries Channel Prujec* ' :hairman of Inter-¥iniasterial
Japan International Cooperation Agency nomﬁittée of'the Governzent

3f the Republic of Kiribati
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ATTACHMIT 7D THE ROIUDLS

RATTK T - DOINY GUEDULTIG POR TV GASIC DEGIGH STUDY

CF BITIC-3AIRIEY CaUsT . AND FISHIRIES CHANTEL

" PROIECT

I-{ [roiect Lonsth (Ses Flgure Moe 1)

Paginsing polat: . ~ 5TAC+00 noer junction with
) axiating ropd at Balrpilkd

Dnding point: STA 20400 nedr the eamtaym Gy iu- e
ond 01’ Be’cio .
Cavseway lengths 3,000 o B . N SR

. .2 Mimmpent of Caugaway _ .
tzrizontal elisnment:s - As proposed by HID

Vortical alignment

Cawtagay s Lavel
Approach to t.‘m :
bridee: 2,575
7-3  Dasirm Speed: 50 kn/hr
T4  ‘Proloal Cross Section of Couseway

(1) Crest elevatient RG + 3.0 (lovess)
(2) Croot width: 10:0m

(3) Roodway with - _
pavement s 640m

(4) AMltematives of omugsewny ombankuent to ba studiede

Sloma of "‘:nﬁ:«rﬂman‘.‘.

e QOcexn side ' Losoon side
Typo 1 1t 15 118

2 . -
Myva 21 132 1':3"41 1-:_8 _
'I‘y’xic_‘aég ' 1:2133-[1 1:2 1:3[‘

No’tel‘lz Slope Protection

Slopo protection with grout filled fubrie mat or othsr
cuitshle moanuresa will ba providad oa the. riJ.l slope
of oansewa;y'.
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;‘!o‘teﬁz: Alienative crona mections (T:;pa 2 and Type 3)
© 7 are egtablizned by the Study Tenm tot

(1) minimize erceion of fill slopa
(2) neintain dursbility of ambenkment

(3) minimize emrironmental problems which mi:g;ht
: ba ceused by axocavating £ill metarial frTom
" the logoan reef f{lat.

" I-5 Fiaheries chennel
(1) Approximate location of chaanel to be construgted
_1 5TA19 + €0

(2) Width of ohennel:  10.ca
(3} Dapth of ghancal: " 1.0m balaw g MLYS o
: ; Reli = {oCm
15 _.ﬁrid.m ncroas ehennel.
(1) Clezar apani: ’ 10:0m
(2)  "idty of bridges RS
(1) Clearancs froo HTIS: abm
(4) ZDeck alsvé._tioﬁ:_ R.L '+ 5.
(5) T7re of Bri_dge} Reinforced
L7 Torrow Area
Dorwow areas < wation propoged b .. Sivy %
(i; tae 1 Caf fiat withia Dorrow aron
(11) the r .2 on tha oceon side zepe B ki

-8 Mormyr it

Coral rc e used for argrognte 6f conorcto stracturs and
pavenon’ 9 obtainod from the quorry on tha occsan uide

of Ion: coral tubbla for slope protaction will alzo be
obtaine. -n thore, T

Comtenta: .

Tha rolldd ) oemmonta are reolaed by the Goynmment of Kiclugti

in cannoet: . with ihe dasign guldellna:

(1) the nocosciiy of aliitional opening bo studied taking into
comsiderot fon maprine 1ife in the laguam

(2} 5lore protection of tie cuaseway miglt bo nacesanry if borrow
area for the axcavatlon are calectod no~r to the causewal«
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ANNEX 2

B"‘I‘Tf}-ﬁ IRIKI CAUST"f VD) F‘I‘SW“HT"" Ci *HNT‘L *“'?OIT'G‘"

" WTITNG 113LD or 17 AE'"""I 4085 BETULEN TUR Bf“sI" DESIGN
- SURVEY STUDY TEAM OF JAPAT INTERMATIONAL CCOPERATION ACENCT

AD TE DLITER EIHIST‘"EIXL GGE!I'I‘I‘E OF THE EWEEBIETIT OF
KI?IB AT o

" The :E‘ollwing ad.di ional works ave mquaated."by Kiribati
Govemmc.n‘t. : : : :

(1) That both the causeuay and approach roads be surfaced
‘with Double Bituminous Surface Treaiments (Total
length appm:cimatal; 4,20Cm) -

(2) Tuat two parking lots be providad, one on each alde of
~~ the prapoged bridge = .

(3) ‘That removul of uncxpleded ordiance over the aral of
: the causewsy and hor“ow areans La incluaed. S

- {4) _"I'hat the e:':'iuting power cabla be reloceted in the
. " propoged _oausewsy .

(5} That a new 50 'p.r/O.,93m telephone cable s provided ovar

t.ic causewsy and appreach roads betucsn ithe relevand
" Junotion baxes (total length 4,5C0n approximatsly)e

/ﬁ .
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BACRGROUND INFORMATION MO ADDITIONAL WORK REQUESTS -

Tha asaling o7 the roed over the length of tha causewsy proper {3ta 0+00 to
Sta 3C+00) has slwaya been gonsidersd aa part aml panel of the causeway project.
The access roals sbould also be considered part of the project.

At prosent the sealsel road on Betlo terminates outside Takoroanga Primary School
exd there 13 a rough track from this peint to the end of the ialant, a distance
of 1,050 metras. Nore than half of this distance i jand that was reciaized by
tko first caweway attemst in 1978,

On the Bairiki sida the main road at present goes to the wharf ani there is
an unsurfaced roed 170m from Bairikl Police Station to the yolnt whers the '

proposed cavaseway will ocmmanca,

Kiribati Government will be adjusting the alignment of both thess road sections
ard will coastruct the roais up to the underside of final surfacing level. I%
13 ccosidersd that the firal surfacing should be dmie by one contractor as th:l_a
w11l give a unifom appearsnce to the work and will reducs the costs,

" The lavel of roal surfacing 'ski;ln at pressnt aj{dlahle within P.4¥.D. is not

e [

’) ——

3)

rot wery high, : : -

The Parking Lota (lay-by’s) are to de provided so that vehicles do mot stop on

‘the highway., It is intended to make. the caweway a Clearway but some pruvisinn
‘must be medo for breakdown aml also vehicles wbo want to stcop on the cavseway

for fishing or slie seeing,

Kiribati Governments expewtiss with unexploded ordnance ism limited to
ideniifying the prubabls risk ard diaposing of the smaller material by hand over
tha roaf.v Large ox potentially dangerous shells ars disposed of by overseas, '
experts, No equipment or expertise fo¥ locating ordnance is available locally.

The detonation of stalla in-situ is not reccmmended as the present acrosa-rasf
water plpeline 13 in poor ccenditien. The work of locating aml disposing of
unexplodad ordnance on the line of the works, borrow pits arnd haul rsada sbould

be carried out at & pra-contract stage.
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4.' Thora are two 11X.V.A. powar cablces running acrass the reef, One has
extersive damage to 1t and is located on the 1ins of the proposad cavseway,
tke cable will he rocoversd by P.U.B. prior to the commencement of the
contract. The othar cable carries the maln power aupplj' fram the power
house on Betin to the other urban centreg of South Tarawa.

Owing to its position on the reof this cabla is constantly at risk. EKiribatl
Government would like thds cable to be relocated in the yroposed causeway
whora 1% 1l be adsquately protectsd. If the cable is not relocated it has
to be lowersd anmd protscted over the width of the channel.

5. At prosent all Junction tslephone circuits, telex amd tslegraph circuita
between Betio aml Bairild/Bikeniteu are carried by the 20/0.9 sulmarins csble.
To incresse iis capacity phhnta&'.ci*rcui,j&; have been derived giving ua a total
capacity of 28 circuita., A1l 28 circuita ara 'in--uga.

~ o
R

‘¥ith the ‘anticipated ccmpletlen of the Radioc Syatem this year tks junction
talephora circults will be tramfarred to 1%, Howaver, it ia not posaible
t6 transfer the telex aml telesgraph circuits, Also associated with the
anticipated campletion of the Automatic Telephona Bichanses aml Subscribers
Private Exchenre a demand hes arisen for priva’ce eircults between Betlo 2
“Balriki/Bikenitou, This demaad w1ll increase over the next 10 years,

Based on the above amd our current requesta for privats olrcuits a 20/0.,9 agbls
13 insufficlent, recomzended that a 50/0.9 cable be installed,

TS | 7z
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LIST OF PERSONS INTERVIEWED (From 16 July 1985 To 27 July 1985)

Ministry of Communicatioﬁs '

Minister - ' Hoﬁ;'Téomati.T,Iuta

Secretary Mr John I Tonganibeia
Senior Assistant Secretary. Mr Inatoa Tebania

Ministrjkof Works and Energy

Chief Engilneer, _ ,
Public Works Division ' Mr Bill Young

Ministry'pf Fbreigﬁ.Affairs

Acting Secretary _ ' Mr Peter T Timeon

Miniétry of Finance

Secretary Mr Beniamina Tinga
Economist : © Mr Peter Poulsgen

Ministry of Natural Resource Development

Sécretary  Mr Teken CNTokaﬁake
Chief Fisheries Officer My Barerel Onorio

Ministry of Home Affairs

Lands Qfficer Mr Paul Taylor

Public Utilities Board

General Manager ‘Mr Nataara T Biribo
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MINUTES OF DISCUSSIONS

ng THE BASIC DESIGN STUDY
BETTO-BAIRIKT cansm’mflgxsmm CHANNEL PROJECT
| _THE REPUBL%ICE OF KIRIBATT

Gt bt o DE G me e ms e SO s oW

THE DRAFT FINAL REPORT

- Japan International Cooperation Agenay (J.I.C.4.) sent s study
team to the Republic of Kiribati frem July 17th to 24th July
1985 for the purpose of presenting and explzining the Draft
Final Report of the Basic Design Study (the Report) on Betio
Bairiki Causeway-Fisheries Channel Project..

The team held mestings with the Inter~Ministerial Committee of
the Government of Kiribati chaired by Mr Inatoa Tebenia, Senior
Assistant Secretary, Ministry of Coomunications. 4s a result
of discussicns, both parties confimed the following points
attached herewith. : . e :

Betio, July 23rd 1985

LR ] QOCQ‘..'QGO-..G ..O.QQ.CB'.‘; ‘4-00. Oﬂ;#.'-;\ﬁ"'ﬂa.e.o.iﬁg
Mr Takeshi KAWAGUCHI Mr John Tkakest TONGANIBETA
Team Leader Secretary
JICA Study Team Ministry of Communications

The Republic of Kipibati

Hitness

Ao

.‘OO’U'O QOO-O-.-IOO..'..'DOQO
-

Mr Inatoa TEBANIA
Senior Assigtant Secretary
Ministry of Communications
Chadrman of the Intep=Ministerial
Committee of the Government
of the Republic of Kiribati
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AT ACTHENT

1. The Kiribati side has agreed to the Bazic Design
'~ proposal in the Draf¥ Final Report.

9, The Final Report (10 copies in'}hgiish){cn the
Project shall be submitted to the Kiribati side
by the ead of September 1985. '

3+ The Xiribati side undersiovod the system of Japaa's
Grent Ald Frogramme and the arrangement to be taken -
by the Kiribati side which includes undertakings to
securs the necessary quarry site and the necessary
infrastructural facilities such as distribution of
electrieity, water supply, etc. for the Japanese
gonirachor.

4 Kiribatli side will secure the provision of under-
ground power cable to be imstalled in the causeway
with adequate length and quality as mentioned in
the Annex.

Pia

—ﬂ%’/’"
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e - ' MINISTRY OF COMMUNICATIONS
v . POBox 487
S&"*;\./Y:" . Berio Tarana
Repubdic of Kiribati
DIate. ..oavrerrenesmmansaraanssesnnrsnansanas

23 July 1985

Mr T Kawaguchi
BETIO

Dear Sip

Attached is the formal request from the Public Utilities
Board relating $o0 the installation of the ground cable
for electricity to be included in the construction of
the causeway .

The reques‘t raceives the support of the Ministry of
Gommunications for the kind consideration of the
Japanese Government.

Yours faithfully

A -
. I ¥EBANTA

for Secretary for Communications

Encl

4




CASLES: PU.B. TARAWA

| SERAVICES
ELECTRICITY SUPPLY
WATER SUPPLY &
SEWAGE DISPOSAL

- Tl Qé‘/ s perial <

ESTABLISHED st JULY 1977

PHONE! 743 8 749

PO.BOX 443
BETIO, TARAWA -
REPUBLIC OF KIRIBAT!L
CENTRAL PACIFIC

ounner - FUB 4/44 oure.. 231185
Sec*etary

Ministry of Communications

Betio

Dear Sir (Attns Project Co-ordinator)

RE:

C;BLE FOR CnU“EWAY

Followlng our letter even referenced to the Chle; En ineer
and subsequanuly to owr discussion Tebanla/Blrlbo. We would

again confirm that:

PUB has enough underground cable 11KV (8 drums, each

500m total 4.0km) to go into the causeway and has

responsibility of cable quallty “thereof. -

Six joints for cable and cable aoxntlng would also
be provmded by TUB including delivery of cable to smte.

Ve request that installation of cable in the causeway be
carried out by Government of Japan through their site
engineers during construction of the causeway.

Yours falithfully

(16w I
WATA

« BIRIEQ

General Hanager

=y
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AREA AND POPULATION OF KIRIBATI BY ISLAND

' area _ e _ _ POpulgtion
ea in km® Fpec.” 1978 [ Dec. 1982 2
- L licensus) | (metinatea) | POT Km
Irhe Gilbert Group o ] ) ,
Eénapa- s s 2,200 | 73 11.6
Makin 7.0 | 1,419 | 1,555 196.8
Butaritari | 13 3,149 3,470 257.0
Marakei o 141 | 2,335 | 2,580 | 183.0
Abaiang S R N 3,447 3,775 215.7
North Tarawa 15.3 | 2,227 2,450 | 160.1
South ‘Tarawa 15.7 17,921 20,050 | 1,277.1
{Urban area) S o _ _
Maiana | ie;s' 1,688 1,900 113.8
Abemama ' 27.4 2,411 2,700 | 8.9
Kuria 15.5 803 900 58.1
Aranuka ' o il.6 850 1,095!_' 86.6
" Nonouti 19.9 2,284 2710 136.2
North Tabiteuea . 25.8 -2;9?5 . 3,320 128.7
South Tabieuea .8 | 1,182 | 1,315 111.4
Beru 7.6 | 2,212 2,480 140.9
Nikunau ' 0 19.1 1,829 © 2,100 ° 109.9
Onotoa o 15.6 | 2,034 2,310 148.1
Tamaroa 4.7 1,349 - 1,585 337.2
Arorae ' 9.5 1.527 1,735 | 182.6
The Liﬁe Group
washington 9.6 416 450 46.9
Phaniﬁog_ 33.7 434 470 13.9
Christmas | 388.4 1,265 1,360 3.5
The Phoenix Group
Canton, Phenox &
others
Others ({estimated) ' 255
forTarn B 717.1 56,213 60,302 84.1

" Source: Ministry of Finance

Note: The population in Bonaba Isl. is decreasing sharply due to the
exhaustion of the phosphate ore in 1279
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PREND TN POPULATION AND NUMBER OF HOUSEHOLDS

1947 -

1968

1978

1982

number of persons
per household, 3%

1931 1963 1973
Male 15,395 | 15,762 | 21,460 | 23,748 | 25,606 | 27,726
Female 14,356 |'15,751.| 21,876 | 23,987 | 26,320 | 28,487 _
Total 29,751 | 31,513 | 43,336 [ 47,735 | 51,926 | 56,213 | 60,302
Number of house- 7,144 | 7,770 8,187 | 8,518 | 9,068
holds ' :
Average number 4.41 5.58 5,83 6.10 6.20
of persons per
household
Growth rate of 0.4 2.0 1.9 1.7 1.6 2.0
population, % '
Gréw;h'rate of 0.5 1.0 0.8 1.3
household, %
Growth rate of 1.5 0.9 0.9 0.3
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GOMPQ_SITION' OF POPULATION BY AGE

1973 1978

Age - - - -
Male Female Male Female
oo~ 4 - 3,787 3,704 | 3,900 3,876
5 &9 S aas | 3,016 3,670 3,488
10 ~ 14 3,771 3,571 4,216 | 3,935
15 & 19 , 2,484 | 2,674 3,337 {3,397
200 v 24 2,036 2,370 2,318 2,600
25 & 29 1,626 1,669 | 1,976 |- 2,172
30 v 34 | 1,458 1,567 .| 1,626 1,614
35 ~ 39 1,249 1,294 1,451 1,508
40 '44 . 1,212 1,139 1,057 l,iso
45 49 1,026 1,077 | 1,203 1,129
50 & 54 | 832 872 863 | 986
;55 w59 | 562 659 693 744
60 ~ 64 81 627 550 688
65 69 338 423 393 488
70 and more 523 758 473 682
Total 25,606 | 26,320 27,726 28,487

Source: 1978 Census of Population




ECONOMICALLY ACTIVE POPULATION (NATIVE PEOPLE)

Abpendix 24

(Unit: per. -,

Total

‘Male

Female

Population older than 15
vears of age

Econcmically active
population

Monentary eccnomic
sector

Employer
Employee
PrivatéVCQﬁcexn
Unemployed

&on—monentary'economic
‘sector

Non-econcmically active
population

32,858
28,859 (100%)
7,375 (25.6%)

&0
6.296
184
835

21,484 (74.4%)

3,999

15,776

13,769 (100%)

5,882

52
4;963'

127

740

7,887

2,007

(42.7%)

(57.3%)

17,082
15,090 (100%}
1,493 { 9.9%)

8
1,333
5#.
95

13,597 (90.1%)

1,992

Source: Report on the 1978 Census of Population and'Housing
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| EMPLOYMENT POPULATION BY INDUSTRY (NATIVE PEOPLE)

(Unit:- person)

S Total " Male | Female
Industry - - : : '
o . 6,432 | 5,045 1,387
Agriculture & Fisheries 480 464 16
Agriculture . (375) (365) {10
Fisheries - {105) { 99) { 8)
Mining: - 293 © 281 12
Manufacturing Industry 183 131 52
‘Food . . ( 58) (20 ( 38)
Textile ( 5) CnolC e
Furnitu;e_” { 15) '( 15) ( 0
_Printing (023) (150 | ( 8
Ship' Building - { 82) ( 80y { 2)
welfare 192 185 7
| construction 954 917 37,
Commeréé'&-ﬁe:vice g2 §07' " 295
- Wholesale . (148) (127) { 21)
‘Retail Trade (599) (405) (199
Hotel & Reétaurant {155) { 75) . ' 80)
Transport & Communication 662 590 ' 72
‘Transport ' (518) (474) | ( 44)
* Communication (144) - (116) ( 28)
_Fihaﬁcial Business '28 21 7
Public Service, 2,?30 1,844 886
Administration (994) - (824) (170)
‘Education  (639) (381) - (258)
“ Others (1,097) (639) (458)
Indefinite. 8 5 : 3

Sourc¢e : - Report on the 1978 Census of Population and Housing
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NAME OF FISH IN KIRIBATI

Kiribati Scientific English
Ati ' KatSuwonus.pelamis Skipjack
Aua " Mugilidae Mullet (Adult)
Auamaxan Valamugil sehelil Bluetail mullet
Ruataba Liza vaigiensis Diamondscale mullet
Awail Aprion virescens Green jobfish
Auan Spratelloides delicatulus Blue sprat
Arataba Etelis carbunculus ' Red snapper
Bonga Caranx Tugubris Black trevally
Bwatai Chanos chanos Milkfish
Baiura Thunnus albacares Yellowfin tuna
Bakoa Triaenodon chesus Shark
Bureinawa - Holocentrus violanceué_ Violet sgirrel fish
Baara . Acénthocybium sclandri Wahoo, Kingfish
Baua Valamugil seheli ‘Bluespot mullet
Bawe Lutjanus fulwus Redtail snapper
Barebu Caranx sexfasciatus Dusky trevally
Bukli iaro Pristipomoides auricilla _ Yellowtail snapper
Bukinrin Aphéreus rutilans Jobfish
Buari- Gymnosarda Dogtooth tuna
- Barinua Sphyraena barracuda Great barracuda
Baiburoro Carcharhinus melanopterus Blacktip reefshark
Ingimea Thunnus albacares - Yellowfin tuna
| ¥kanibeka Ruvettus pretiosus Coster oil fish
lkanenea Ruvettus pretiosus Coster oil fish
Tkari Albula vulpes Bonefish
Ikabauea ‘Sphyraena Forsters seapike
Ikanibong Iutjanus Qibbus Humpback red snapper
Ingo Iutjanus bohar Red bass, two-spot red
snapper

Ikanarina Trachinotus bailloni Black-spotted swallow tail
Imnai Siganus argenteus silver spinefoot
Inai Scarus ghobban Five banded parrot fish
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English

Kiribati Scientific
Ikamatoa Lethrinus elohgatus Longnose emperox
Ikamaikeke Dussumieria sp. Rainbow sardine
Kemaa Elagatis bipinnulata Rainbow lunar
Kika _Octopﬁs_unlgarris Octopﬁs
Kimokimo Grammatorcynus bilineatus Scad |
Kabubu Hyporhawphus Garfish
Koinawé Acanthufus triostequs Convict surgeonfish
Kirorxo Gymnothorax fimbriatus Green jobfish
Kuaubani Epinephelus maculatus Marbled.rock cod
Kuau Epinephélus merra Honeycémh rock cod
Maeho Upenoué taenbpterus Bar-tailed goatfish
Matabareka Carangoides orthogrammus .'Goldfspdt trevally
Mako Acanthurus xanthopterus ~ Yellowfin surgeonfish
Matakore Monotaxis grandoculis VLarge—eyed bream |
Morikoi Lethrinus nebulosus .Spangled enperor
Ninimai Gerres oyena . 'Silﬁer biddy
Nari Scomberoides lysan Queenfish
Neia Gnathodentex aurolineatus Gold-line bream
‘Nimako Cephalopholis urodelus Flagtail rock cod
Nimanang Cephaldpholis arqus ‘ ?eécock rock cod
Onauti Cypseiurus Sp. Flying fish
Okaoka Lethrinus remak Orange striped emperor
Rereba Caranx melampygus Bluefin travelly
Rou Lethrinus miniatus - Long-faced emperor
Ree Gnathanodom speciosus Golden trevally
Rounaneawa Lethrinus variegatué Vafiegatéd emperocr
Rékuriri Istiophorus platypterus Sail fish
Temon Holocentridae ' Squirrél fish
Tarabuti Harehgulé ovalis Sardines.
Tau Tyrosurusg crocodilus Longtdm
Taa Adioryx spinifer Scarlet squirrel £fish
Tiatiiu Sardinella sirm Blue sardine
Tawatawa Euthynnus affinis ‘Mackerel tuna
Takua Coryphaena hippurus Dolphin fish
Tewe Mulloidichthys Goat fish
Urua Caranx ignobilis Great travelly
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DETAILS OF MONTHLY PURCHASE OF FISH CATCHES
BY TE MAUTARI LTD., (1984)

1. Bonito and Tuna Fish

s Receiving|Purchase |[Puxrchase | Average |[Purchase| Purchase
Month Reg:;zlng Number of|Quantity| Amount [Unit Price|Q'ty pex|Amount per
boats {kqg) (AS) (a¢) Boat (kg)| Boat (A§)
1 28 202 | 38,967 | 25,738 66.1 133.4 88.1
2 29 286 | 55,178 | 36,341 | 65.9 192.9 | 127.1
3 30 247 28,780 19,034 66.1 116.5 77.1
4 28" 148 17,123 11,3i2 66.1 115.7 76.4
5 31 272 | 30,168 19,952 66.1 110.9 73.4
6 28 213 | 29,50L | 19,513 66.1 138.5 | 91.6
7. 29 166 22,693 16,595 73.1 136.7 | 100.0
8 30 233 | 27,524 | 19,543 67.4 118.1 79.6
9 27 180 21}662 14,355 '66.3 120.3 79.8
10 31 . 195 26,275 15,848 60.3 134.7 81.3
1| 30 330 | 43,374 | 28,352 65.4 131.4 85.9
12 29 331 | 40,349 | 27,905 69.2 121.9 84.3
Total 350 2,893 381,594 |253,489 66.4 131.9 87.6
2. Reef Fiéh
Receiving Receiving Purchgse Purchase _AYerag? Purchase | Purchase
Month Days Number of|Quantity| Amount [Unit Price|Q'ty per jAmount per
Boats {kg) (A3) - (A¢) Boat (kg)| Boat {(AS$)
9 4 s 133 132 09.2 22.1 22,0
10 19 54 2,551 2,530 99.2 47.2 46.9
11 24 52 2,773 { 2,751 99.2 53,3 52.9
12 10 12 1,423 | 1,412 99.2 118.6 117.7
TOta% 57 124 5,880 6,825 99,2 - 55.5 55.1
3. Total
Receivin§ Purchasze | Purchase
Number of Quantity Amount
Boats (kqg) (as)
3,017 388,474 | 260,314
Note: The figures in this table were consolidated from those in the

Daily Purchase Report.
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CHARACTERISTICS OF WATER IN nAGOON'_

The waters at'ﬁhe sea bottom were sampled at the following points
and analyzed: 3 points in the ocean, 3 points offghore the lagoon, 10
péints along thg reefs around South Tarawa Main Isls.,*B'péints ét-the-
proposed éite*aﬁd along the reefs around Betio Isl. and 3 points in

Betio Harbour totaling 27 points.

The characteristics were analyzed as mentioned below:

Area Temperature 'Specific ' cOhtent of salt concent- ﬁ
at base gravity chlorine (%3 {ration (2£,) e
ocean 27.6 25.47 19.02 34.37 8.3
Offshore 28.4 26.03 19.41 35.06 8.3
Lagoon _ . : .
Main Isls. 29.0 26.62 19.83 35.82 | 8.3
Reefs _ : .
Betio Reefs 29.1 26.47 19.72 35.63 8.3
In Betio ' o '
Horbour 29.3 26.80 20.01 36.15 8.3
Average : '
i Total 28.8 26.41 |  19.68 15,56 8.3

The characteristics seems to be that the temperature and specific
gravity axe lower in the ocean, and they come to be higher;'tﬁe nearer

the pbints are to the shoreline of the lagoon.

The hydrogen ion concentration index is of the standard type found
in a tropical zone, and no tendency of water pollution was found. A tidél
current was obserﬁed at the entrance of the sea route in thelwésﬁerh reef,
but only a slow flow of water toward the west élong the edge of reefs was

found in the lagoon.
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Appendix 2-13

SHIPPING CORPORATION OF KIRIBATI
CURRENT FERRY SCHEDULES
MONDAY TO FRIDAY

BETTO DEPARTURES = | _ BAIRIKI DEPARTURES
0615 hrs. Mobil Tanker and Passengers from Bairiki ‘ ' O?Oéjhrs.
0700 hrs. Ferry Run 7 ' _ © 0800 hrs.
0800 hrs. Ferry Run and BP Tanker h 0900 hrs.
0900 hrs. Ferry Run o o £ 1000 hrs.
1100 hrs. Ferry Run ' . _ o ._ 1200 hrs.
1200 hrs.LB§ Tanker and School Children from Bairiki _ 1300 hfs.'
1300 brs. Ferry Rwn . . | 1400 hrs.
1500 hrs. Ferry Run . 1630 hrs.
1630 hrs. Ferry Run. ' - 1715 hes.
1715 hrs. Ferry Run | | | 1800 hrs.
1900 hrs. Ferry Run | 2000 hrs.
2100 hrs. Ferry Run ' : : 2200 hrs.
Satuaday.
0700 hrs. Ferry Run : . \ 0800 hrs.
0900 hrs,. Ferrﬁ'Run - : - 1000 hrs,
1100 hrs. Ferry -Run ' _ 1200 hrs.
1300 hrs. Ferry Run _ : 1400 hrs.
1500 hrs. Ferxy Run 1600 hrs.
1700 hrs., Ferry Run _ - 1800 hrs.
1900 hrs. Ferry Run _ ' . 2000 hrs.
2100 hrs, -Ferry Run .- 2200 firs.
2300 hrs. Ferry Run - - . 2400 hrs.
Sunaaz-

0700 hrs. Ferry Run 0800 hrs.
1100 hrs. Ferry Run : . o .~ 1200 hrs.
1500 hré. Ferry Run : ' 1600 hrs.

1800 hrs. Ferry Run o . 2000 hrs.
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Appendix 2-15

SHIPPING CORPORATION OF KIRIBATI

TARAWA LAGOON FREEGHT RATES ON FERRIES

ITEMS _ )
Personal Baggage in excess of one piece : 3,00 per cubic metre. (Miniomm)
Animals . t 1,30 each i
Chickens H 230 each
Timber ¢ 45,50 per cubic metre
Bicycle :  0.80 each
Hotor Cycle t 1.50 each
Tractora Road, Rollers, Fork Lift
and small mobil crane : 12,50 each
‘Large Crane & Excavators : 59.30 each
Empty 44 gallons drums : 6,50 each
Full or part full 4 gals. drums s 13.00 each
General freight rate per cubic smetre 3 32,50
Special freight rate for films :  0.6Q each
. Full or Part
Between Betio and Bairiki =~ Unladen Lgégg

Cars, truck, trailer Utilities and béata not -
exceeding 3.5 metres : 6.00 10,00
'exceeding 3.5 metres but not exceeding 4.5 metres  10.00 18.00

. 4,5 " nonm " 6 " 13.00 24,00

" 6 n [ " 7.5 " . 14,00 28,00

" 7.5 " "o . 9 L 24.00 47,00
Mobil Truck & B.P. Tankers : 35,00 70,00

Over 9 metras - by specilal arrangement

NOTE:
;:__;he above rate covers carrisge only: Loading and discharging should
be arranged separately by the Shipper or consignee.
2. Freight on vehicles does not include fares for drivers. It should
be charged separately. o ‘
Charter Ratey

Hei Auti . - $20,00 per hour
Tabakaa - $40.00 per hour
Nei Tebaa - $40.00. per hour

Plus 1% hours overtime of $10 during non-working hours. {14 hours ia
the tize tallen for a trip from Betio/Bairiki/Betio).

Fares

Batwesn Betio and Bairiki - 0.70 pbr adult
' = 0.35 per child

Concassion fare for students = $156.00 per term
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:Qpeéyipnaire Sheet (English Version)-—-
INTERVIEWS WITH PASSENGERS IN FERRY BOAT BETWEEN
BETIO AND BAIRIKI ISLANDS

R

'PERSON TRIP SURVEY IN THE FEERY BOAT BETWEEN.B-& B~

Te

D Male D Female 2. Age D Years old
3o Purpose of the trip %o Betio o 4 [:l

1« Commuting 2. Business 3+ Temporary Visit
4e What is your present status?

1 Student 2s Gov. Official 3, Employee

4o Fisherman Sa :: 6., Jobless

Se

How did you get to the Bairiki ferry terminal from your residence?
1+ Walking .2+ Bus 3. Pagsenger Car 4. Truck

S5« Hotszuycle 6. Bioycle Ts

e

How do you get to the destination from Betio ferry terminal? _
1o Walking Zs Bus 3. Passenger Car 4. Truck
5« Motorcyoele 6. Bicycle - Ta '

Te

Which transport do you intend to use after the completion of causeway
between Betio and Bairiki?

1 Bus 2, Passenger Car 3o Motorcycle

b Do L] N



Appendix 2-16 (2) [

. Questionaire Sheet (Kiribati Version)

TE MAMANAWGA N TE MEERI BAIRIKI . BETIO

Te Mane 1 A:i.ne IE 2]

2. Roronga Te Ririki

K

3. Bukin manangana nako Betio . Kakakibotu
2., EKaean te makuri %, Karacen te bitineti

4. Tera ae ko kakaraoia? _ o
1. Ataein te rveirei 2. Te ¥ia maluri 3. Te tia akawa.
4, - : 5., JAkea au makuri

5. Ko Kangz n roko mks Tavo Ni Meeri I-~Bairiki man am Aubti?
1. Riannas 2. N te Bati 3. N te Ka 4, W te Truck -
5. N te rebwerebwe 6. N ¥e Batika 7. - '

6. Tera Baom ae: Eo nz toka iszi ma I Pabon Te Usbu
I Betio nakon te tabo ane ko na Kawaria?

1. Te Riann_a 2. N te Bati 3. Te Rebwerebwe. 4. Te Batika
5. o

7. Tera te bao ae ko Kani Kamanena imwin tian te Kotiwel? _
1. Te Bati 2. Te Ka 3. Te Rebwerebwe 4. Te Batika
5. Te Rianna 6. '

'fﬁ?._fm.ml;c ®




Appendix 4-1 (1)

STUDY ON DESIGN WAVE

(l)r Wind Speed by Direction

The records of maximum wind speed expressed in Beaufort wind seale

warse avﬁiiable:during the period 1948 - 1984 as shown below:

© Table-l Masximum Wind Speed by Direction

ALl Dixection

Year 2 T
_ Directions N SE . 8 _SW N

‘1948
19459
1950
1951
1952
1953
1954
1955
1956
1957
19538
1959
1960
3961
1962
1963
1964
1965
1966
- 1967
1968
1969 6
1970
1971
1972
1973
1974
1579
1980
1981
1982
1983 -
© 1984

LI

RO N W R,
1
ULt =3~ =) in tn ~3

AN BB LI UGV G~ =0 s~ ~ 00wy

Note: No directional data during 1948 - 1969

~J
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Appendix 4-1 (2)

The relationship between the Beaufort wind scale and wind speed is

as follows:

Table~2

Beaufort ' Wind Speed " Range

Wind Scale (m/sec) (m/sec)
1 l.039 0.6 - 1.5
2 2.572 1.6 ~ 3.3
3 4,372 34 - 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) Probability Analysis of Wind Speed

Based on the data of the wind speed as described above, a probability
analysis was made. The data was plot;ed by the Thomas method and the
probability was analyzed by the Gumbel method.

An analysis was made for each of six cases (directions) of winds, ice.,
north (N), northwest (NW), southwest (SW), south (5), southeast (SE)
and all directions, taking into accoﬁnt 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

?2;223 ‘ Wind Speed by Direction (m/sec)
(Yoar) N NW SW s SE all
2 8.5 | 10.1 | 11.1 | 7.3 | 0.6 | 12.8
5 10.6 14,3 | 15.1 9.9 | 12,2 | 16.3
10 12.0 17.1 17.7 11.6 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 { 16.6 | 25.9




(3)

Appendix 4-1 (3)

Shallow Water Wave

The scale of shallow water wave which is generated in the lagoon was

estimated for a 50-year probability.

Judging from the location of the proposed causeway and topography of

Tarawa, the shallow water wave generated by the 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 proposed causeway and the reef edges

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

E

]

NORTHTARAWA

[73

OPOSED / .
ETIO ~BAIRIKI

L Nl T
Dool‘
fop

{ 01 234 56 7 8 2 lOkilometsar

Fig.l1 Effective fetch
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Based on the above distanca, the effective fetch was caiculated

by the following equation.

n
z Ftcos_(ai «_G)Aet

i=1
Feff =
I cos{9; - G)Aet
i=1
where, Feogg ¢ Effective fetch
5] ; Main wind direction
Fi ; 'Distance to the opposite shore in

83 direction

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

calculated at 12,7 kilometers.

(ii} A shallow water wave generated by north wind. Significant wave
height and wave period of shallow water wave generated by
north wind were estimated based on the Bretschneider's method

shown in the following figure.

E v -
ot 0
St I MERIR (nfoem)
5
4
3

Frosanig (w)
bk @B (m)
| fimnmn. s=o.0t

Flol

e A

4 ET89l
L 2 3 .41' 9 2 JIU"" !!I'S!J 2 J: It

Wy

H: Significant wave height

U: Average wind speed

F: FPetch

h: Water depth _
f: Coefficient of friction, f = 0.01

Fig,2 Estimation of Fetch of Shallow Water Wave
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h=8,0+1.8=9%8m
Average seabed level: DL - 8.00
Tide level (MHWS): DL 4+ 1.80
U = 15.1 n/sec (50-year return period)
F = 12,7 km
gh/U2 = 9.8 x 9.-8/(15.1)2 = (0,421
gF/U2 = 9.8 x 12,700/{15.1)2 = 546
gH/U? &= |

0.049 from the above figure’

Therefore, the significant wave height (H} and the wave period

(T} are calculated, as follows:

H=1.14dm

T

3.86VH = 3.86 x ¥1.14 = 4.1 sec

{4) Deep Water Wave

The scale of a deep water wave generated in the ocean was estimated
for a So—year probability. Four cases (wind di;ections), SW, S and
' SE winds which blow on ocean side of the proposed causeway and NW

wind which bklows on lageon side, were analyzed,

(i) EBffective fetch and wind duration

According to the pilot chart of the Maritime Safety Agency of
Japan, the maximum height of ocean wave (H1,3) is 5.0 m and the
maximun wave period (1) is 9.0 sec. The maximum wind speed
during the periocd when this ocean wave occurred was 8 in the

Beaufort wind scale, equivalent to about 40 knots (20,56 m/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 $-M-B method (refer to the

chart below).



b)

Wiad

c)

U lme}

o Spasd
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Effective fetch : Fe = 250 km

Pericd : T .= B.H sec

Wind duration : £ = 13 hr
Method B

Based on the wave period and wind speed, the following values

were obtained also using the S-M-~B method.

Bffective fatch : Fe = 300 km
Significant wave height Hl/3 =5.5m

Wind duration t = 16 kt

2

- 80 s 3
R S
1| i \'\ N K\‘* ““ \: 3 ’ -
::%\ -\& NV ’\l\‘ d J L % 4{ > b ¥ E‘_
O A AN A RN R B e NS NI O
b4 AW Y TH= 4z A SN LN 5
R 1S ISR N L B TR AN :
sl S DA AR XY 3. AN I
PR WAL NTANNILY 5./ w3 = E
o F N YRR N A &
b %, [\‘\\\\‘ N B }' -
B RS hd . iy i
s IR R HN TN NG Ui : WLy
1 \‘}"\i'\" S Y d "{ﬁy B > _- i
NIRRT I A A AN -
N “S- B ,_‘_: I % 3 [' - . 'H- 2 r_--L
i ) “,'i [ S 0 \1& § 7 T
B NRL \: it N \ jﬂi A-f33 -_’-_3—_-1'-‘-" u
BER R RS e Sl i s g )
i DL LA A R AN e ViV
1 ) e . RT3 E W P . 0!
. o fea P {ix) -
| T Vet bk () = Perkd rylc} = Wid Cesilem ¢ ﬂ).;--s- rypetvation N (e Ty mcomal.

Fig.3 Curve of Wave Height by 5-M-B Method

Effective fetch and wind duration

In general, if Bretschneider's method is appiied 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 is
judged to be due to such attenuation and the attenuation

distance was estimated at 20 - 30 km.
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. [ i -
iy /

0.3 E f N

K . _UHdo [ 04y |Vt
E B = [3-“",-:-&.1-.-9) .
0.6
\\maﬁxh“ﬁJ |
'-“___.__,_________h_
on | b T
L]
[+ 2.2 R a&.8 0.3 1.¢ 1.2 1.4 1.5 1.8 2.0 3.04.8 5.0 6.0 7.0

F? Fmin; Fetch
min

D: Distance of decay

Fig.4 Attenuation Curve

" Based on the above results, the effective fetch and wind duration

hear Tarawa were estimated to be 250 km and 14 hours, respectively,
wihich 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 wind speed of
a 50-year return peried, 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
wind speed and those calculated based on wind duration and wind
speed. The smaller values were taken referring to the Manual

for Wave Analysis, Japan.
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Table~4 Deap Water Waves by Direction

Wave on Ocean Side L??°°“
: Side
Wind Divection . SW s - SE NW
Wind Speed _ m/sec) | 23.5 15.4 15.6 | 23.3
Estimation Wave . _ -1
based on Height Hy/3 (m) 6.2 7 3.5 3.5 6.2
Effective’ = '
Fetcoh Period T {sec) 9.5 7.5 7.5 9.3
Estimation Wave :
: . 3. . 6.1
based on Height H1/3- () 6.1 3 3.3
Wind - )
Duration Period T {gsec) 9.3 7.1 7.1 9.3
Used : wave H {m) 6.1 3.3 3.3 6.1
Height 1/3 ) ) i )
Values .
Pericd T (sec) 9.3 7.1 7.1 9.3

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

sequent studies

6.lm, T

fi

' Wave on ocean side (SW): Hl/3 9.3 sec

Wave on 1agcon side (NW): ‘Hl/3 =6.lm, T= 9.3 sec

{53) Wave Transformation and Setup on Reef
The transformation of a shallow water wave and a deep water wave
were aﬁalyzed until they reached the proposed'IOCation of causa-
way and the wave height and wave setup in front of the causeway

were then calculated.

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

mated by the following Takdyama's equations;

Takayama's equation

a) Height of breaking wave on reef edge

: L .\ . . ' .
Hy/3xs0= M0 { (B Hg' + By h) /Byax'Ho ,Kg*Hy'}
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Where,  Hj/3x=¢ = Height of breaking wave
Bo = 0.028 (Hy' /Lg) "2 38.exp (20 (tans) 1+5)
By = 0.52¢éxp(4.2tand)
Brax = Max{0.92,0.32 (Hy /L) "0+%%exp(2.4tan0)}
Hg': .Significant wave helght
Lg : Wave leﬁgth

tanb: Seabed slope on reef edge

b) Attenuation of wave height and setup’

Wave height

Hy sy | ho *+ T
L% B°exp(—0.05»§~) + o

Setup
- 5 - H1/3x, 2 h
ne/Hg' = \/co - 3/BRGGITT - s

H] /35 = Wave height at the distance of xm from reef edge

ﬁx'= Setup at the distance of xm from reef edge

Hyf3x =0 hg — g
B == g ——
Hg HD
a = 0.33 {constant)

hg 4+ 509 _ Co
Hy Vi1 + 378807
hg = Water depth

B = 0,56 (constant)

o= (2202, 3 A3%20,
HO 38 Hg

ﬁ =0/HO' = From Goda's estimation diagram
x .

Using these equations, an analysis was made for the follow-

ing 3 waves:
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- Deep water wave to reach the ocean side of the causeway

~ Wave by SW wind

"~ Significant wave height of ocean wave: 6.l m

~ Period of ocean wave: 9.3 sec

- Distance between the reef and the causeway (X} and water
depth (hg): = =.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

depth {hpg}: . x =10,000m, hg = 8.0m, and
' 300m,  hp=1l.3m

X

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

Wave by N wind

Significant wave height of shallow water wave: 1l.l4 m

Period of shallow water wave: 4.1 sec

1

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

depth (hp): X =300m, hy=1l3m

The detailed calculation is described in the subseguent

pages, of which results are summarized below:

Table-5
Ocean Side Lagoon Side
. Shallow
Deep Water Wave Water wave
I Wind Direction _ SW W N
wind Speed - {m/sec) 23.5 23.3 15.1
Befors Wave Height Hg 1,s3(m) | - 6.1 6.1 1.14
Breaking Period T {sec) 2.3 2.3 4.1
Wave Height H1/3x (m) 0.70 Q.66 .0.46
period’ T (sec) | 9.3 9.3 | 41
After setup i (m) 0.7 0.69 0.08
Breaking :
Tide Level {m) 1.8 1.8 - 1l.8
Water Level (DL + m) +2.50 +2.49 +1,88
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(ii)“In case of paséingroﬁer the reef without breakKing
The wave height‘at ﬁhe propoesed céuseway, attenuated by a friction
loss; was estimatéd'dn the condition that the wave of limiting
'height passes over reef sdge without breaking. Calculation of the
-~ limiting wave height was made based on the method proposed by
| Bredtscpneide; and Reid in "Shore Protection Manual, Volume I,
USA" for the following 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: Itisfx:benoted the

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

calculation.
Table-6
Ocean .
gide Lagoon Side
K' f D water Wave Shallow
ind of wave . eep Wat av o e
Before
tten i . 1.01
Attenuation | Wave Height Hy, (m) | 1.0l 3.27
by Friction period T (sec) 5.3 5 3 w1
Loss
hfter Wave Height H {m) 0.42 0,49% 0.52
Attenuation gt 1/3 . . .
by Friction Period T (sec) 9.3 5.3 a1
1083 .

* fPThis 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 the above studies, it was determined to

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

- Table~7
Wave Py ~Water
Height P?:;g?' Level
: (m) R 0L + m)
" Deep Water ‘Wave SN i -_ .
Ocean Side (sW) 0.70 9.3 DL + 2.500
© With- | Deep Water Wave o ; '
L . ] _ N
Breaking Lagoon Side (W) 0.66 9.3 oy bn 490
Shallow Water Wave :
Lagoon Side {N) 0.46 ) 4-} | DL + 1.880
Deep Water Wave o
Ocean Side " (SW) 0.42 9.3 .| DL + 1.800
Without Deep Water Wave ‘
Breaking | Lagoon Side . (NW) _0"_19 _ 9-.3 DL + 1.800
Shallow Water Wave .
‘Lagoon Side (M) 0.52 4.1 DL + 1.800
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PROBABILITY.ANALYSIS ON WIND VELOCITY

‘Probability analysis is made based on the following: -

a) Applied Method

-

Gumbel’s Method in deriviﬁgfthe frequency curve

' b) Vind Direction

—

-

-

-

—

" Noxth
North West

South West
South

_Soﬁth East

A1l Direction

The results are shown in the _sﬁcceeding pages together with

the annua) maximum wind velocity records.
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(1) NORTH

PLOTTING POSITION

© g T ok Gl S e

K;RI&A}IQ_IARAHA

. STATLION : e
REGION J BETIO-BAIRIKI T
. BISTRICT = 2 PACIFIC DCEAN e
ALTITUBE OF STATION I 5.4 METERS T
KIND OF RELOQRD S WIND FORCE ¢ N )
FERIOD OF RECORD S 11 vEA '
- * NUMBER OF SAMPLES ; 11
- NO . WIND: HAZEN .  THOMAS
VELOCITY o S
1 694 0:9545 06,5167
2 694 C.3636 0,.2313
—_ 3 4424 G.7727____G.7520 S N .
4. Cba9b 0.6818  0.6667 - '
5 6494 n,5%09 f£.5813
) 9.77  0.50¢0 0.5C00
- 7 9,77 n,.5091 0.4167
8 G.77 . 0.3182. . C.3333
ﬁ_ 9 9.77 C.2273 - D.2500
10 9.77 01364 C.1667
11 12.60 D.0455 f.CEZZ
- CALCULATION METHOD JGUMEEL ¥ETHCO -
o STATION 7 KIRIBATI., TARAWA -
REGION 7 BETIC-BAIRIKI
- BISTRICT ; PACIFIC OCEAN
- ALTITUDE OF STATION 7 35.0 METERS
. KIND OF RECORD ; WIND FORCE ¢ N ) :
FERIOD OF RELORD 7 11 YEARS
*' (77 NUMEER OF SAMPLES K] 11
RETURN EXCESS VARIABLE WIND
_ PERIOD PROE « - VELDCITY
.. 1.01 0.9901 -1.;293 4.930
, T?Sﬁ Ue8687  =Ge0940 T 629
_ 2s 0.5000 0.3&45 84,495
5. “0.2000 1. 46999 1G.625
10. 0.1000 242504 - 12,335
26, 0.0500 . 2.9702 13,389
_ 30. 0.0333 . 3.38432 14,148
4G, 0.0250 38762 T4er 17
50, G.0200__ 3.901%_ __15.141
80. 0.0125 443757 6,022
. 130, 0,310 446001 16.454
20C. D.,3058 5.2958 17.761

O P A VA P ik o O Y S A A L D 8 ey W T D S e £l 5 A ) S Y A S W e

NOTE : FORMULA OF PRESUMPYION

X:XO+(1I%)*VARIABLE

X0 = 7.526 e
Tih = 1.230




Sfit!on

Distrieot

Kind of Rasord

_Piriaﬂ a

104qag

IKIRIIATE. TARAWA

IPACIFIC OCEAN

# Recard $11 YEARS

$WIND FURGE ¢ N 2

Ragilon.

Appendix 4-2 (3)
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PLOTTING POSITION

g v ke ) sy o e s Gl o TS G W e

KIRIBAT1, TARAMA

STATION :
TREGIGN : BETIO~BAIRIKI
DISTRICT .. 3 PACIFIC OCEAN
- ] ALTITUDE OF STATION ¢ 5.0 METERS
KIND OF RECORD P WIND VELOCITY (NW)
PERIOD OF RECOHD 7 11 YEARS
* NUMBER OF SAMPLES FERE B
- NGO . WIND HAZEN THOMAS
VELOCITY . '
1 6-94 0:95‘05 019167
2 690 938636 Dl8333
3 b.94 Q7727 0.7500
- A Ge94 §.6818 0.56667
S 9.77 “0.5909 0.5833
& 9u77 0.5000 0.5000
7 12.60 0.4091 0.4167
[ 12.60 0.3182 03333
9 12260 0,2273 0.2500
- 10 12,60 0.1364  0.1647
11 19,04 0.0455 . 0.0833 ———
- CALCULATION METHOD FGUMSEL METHOD
STATION : KIRIBAT1, TARAWA =
REGION : BETIO-BAIRIKI
DISTRICT ; PACIFIC OCEAN :
- ALTITUDE OF STATION 7 35.0 METERS
L KIND OF REGCORD ; WIND VELGLITY (NW) '
. PERIOD OF RECORD 7 11 TEARS
h (1) NUMBER OF SAMPLES P
RETURN EXCESS VARIABLE WiHp
o PERIOD PROB, VELOCITY
o 101 0,9901  =1.5293 3,081
1540 0.6667.  =0.0920 8.4
B 2 0.5000 0a3665 10,121
5. 0. 2000 1.4999 "14.330
_ 10, 0.1000 2.2504 17.117
20, 0.0500 29702 19.790
30. 0.0333 143843 21.328
40, 0.0250 36762 22.412
504 0.0200 3.9019 23,251
80. 0.0125 4.3757 25.010
100, 0.0100 46001 25,843
200. 0.0050 5.2958 2B.427
o NOTE : FORMULA OF PRESUMPTION
e %=X0+(1/AY*VARTABLE
Xg__= 3,740
1/ = 3.714

- %R
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Statian IKIRIBATI. TARAWA : Ragian 1BETIO-BAIRIKI
Distriat $PACIFIC, OCEAN Altituds of Station ;35.0 Hatses
Kind of Racard IWIND VELOCITY (W)

Pertad of Reaaerd 3 YEARS
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PLOTTING POSITION

e B A S A A G

_KIRISATI, TARAWA -

_ __STATICHN i 3 T
REGION ;. BETIO-BAIRIKI
PISTRICT N ; PACIFIC_ OCEAN .
ALTITUDE OF STATION & 35,G METERS
KIND OF RECORD 7 MIND FORCE  SW ) -
PERIOD OF RECORD ; 7 YEARS
* NUMBER OF SAMPLES F
- NG . WIND HAZER THORAS
VELOCITY .
_ 1 6.94 0.9235 . 0.8750
2 O 8WTT 0.7EST 0.7500
_ 3 977 0.5429 0.6250
& 977 0.5000  0.5000
5 12,460 0.3571 - 0.3750
- 15.69 . 0.2143 0.2500
. 7 15,469 0.09714 0.1250
- CALCULATION METHOD ;GUMBEL METHOD
. STATION ; KIRIBATI. TARAWA
REGION ; BETIO-BAIARIKI
DISTRICT ; PACIEIC DCEAN
ALTITUDE OF STATION 7  35.0 - METERS
KIND OF RECORD 3 WIND FORCE  $¥ 3
N PERIGD OF RECORD ;7 7 YEARS
(1) NUMBER OF SAMPLES ; 7
- RETURN EXCESS VARIABLE WIND®
PERICD FROB, ; VELOCITY
_ 1.01 0.9901 ~1.5293 4,421
1.50 0.56667 ~0.0942 ?.459
2a Q. 5000 £.3645 . 11.075
- S5 0.2000 1.4999 15353
10. g.i1000 2.2504 17.636
iV 0.0500 . 2.9702 20212
_C 30. 0.0333 - 3.3843 21.646
40, 0.0250 3.6762 - 22.690
— 50. 0.0200 3.9019 2l .432
) 83, 0.0125 ha3757 25.145
100. 0.0100 4,6001 25.933
200. 00050 5.2958 28,374

T Sl S ) T T S Y Ay OB D

S e A . s

NOTE 3 FORMULA OF PRESUNFTION

X2X0+(1/A)YAVARIABLE
XG = 9,785 .

174

3.5C9
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Statien sXIRIEATI, TARAWA Raglen
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SOUTH

Appendix 4-2 (8)

PLOTTING POSITION

- R D O T A o o 80 e

IRIRATL, TARAWA

B STATION: i K
REGION 3 RETIO-BAIRIKE
o DISTRICT _ _ 5 PACIFIC_OCEAN . o
ALTITUDE OF STATION ; 15,0 e METERS
) KING OF RECORD : WIND_FORCE_ ¢ § )
PEKIOD OF RECORD ;
) * NUMEER OF SAMPLES ; 1
- NO . WIND HAZEN THOMAS
VELOCITY o :
~ 1 4,37 N.7545 3.2167
o 2 5.00 «3636 2.8333
o 3 6.94 0.7727 0.7500
4 5294 N.6818 C.6067
5 b5.94 D.5909 0.5873
& 5.4 0.5000 G.5000
7 .94 {.4091 C.b167
3 6494 0.2182 0L133
9 977 0.2273 0.2540
10 5.77 G.1362 D.1647
11 12460 0.0455 0.0823
TTTTTTTTTERLCULATION METHOD TGUMBEL METHOD
STATION 3 XIRIBATI., TARAWA
REGION 3 BETIO=SAIRIKI
DISTRICT - ; PACIFIC OCEAN
ALTITUBE OF STATION 35.0 . FETERS
KIND OF .RECORD ; WIND FORCE ¢ 8 )
PERIOD OF RECORD R
e (1) NUWMFER OF SAMPL‘S ; 11
- T T T RETURE EXCESS_ VARIAEL’ TCER
PERIGD PROS » VELOCITY
1,01 0.9951  =1.5292 2.907.
T T1.S07T 0.6867 =Ua0940 6.23C
oz ‘Da35000 . 0.3663 7,257
ST 5% 1.2000 1.4999 9.E58
10, 0.1000 22504 11.580
T T T T R 0.0500 2.9702 13.232
3G 0.02323 303843 14.132
T A G6.0250 3 6762 16,352
. SGe . 0.02 G0 3.90° 15,370
- Bl Tg.0125 4.,757 16,457
i 110G, 0.0100 4,6001 16.972
200G, O 0050 5.,2953 18,562
8OTE sz FORMULA OF_PRESUMPTION
e XEROXLUIAIAVARIABLE

XJ

6.416

1A

2,295
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TPLOTTING POSITION

A s - e 0 S Sk S e S

STATION

. : KIRIBATL, TARAWA
REGION B ; BETIO-BAIRIKI
BISTRICT __ .~ .. 2 PACIFIG QCEAN
ALTITUDE OF sSTATION & 35.0 METERS
KIND OF RECORD i _WIND FORCE  { SE )
PER1IOD OF RECORD ;.11 YEARS
* NUMEER OF SAMPLES ; 11
- NO, WiND _  HAZEN THOMAS
VELOCITY
. 1 Q.77 D.2545 N,2147
2. 9477 0.8836 £.8333
o 3 S 977 0.7727 0.7520
4 9,77 0.56818 D.6667
S 9.77 0.590% G.5E%3
& 9.77 0.5000 0.5080
L 7 9.77 0.4091 C.4167
8 12,640 0.3182 0.3333
L 9 12.60 0.2273 0.2500
10 12,60 0.1364 C.1667
11 12.60 0.0455 ~_ 0.08323
CALCULATION METHOD GUMBEL METHOD
- STATION ; KIRIBATI, TARAWA
REGION ; BETIO-BAIRIKI
~ DISTRICT : s PACIFIC QCLEAN
ALTITUDE OF STATION J 3540 METERS
KIND OF RECORD ; WIND FORCE { SE
" PERIQD OF RECORD ; 11 YEARS :
(1) NUMBER OF SAMPLES : i1
RETURN EXCESS VARIABLE WIND
PERIQD PROB. VELOCITY
— 1.01 0.9901 =1.5292 74949
- 2a 0.5000____ 03665 10.616_
~ 5, 0.20c0 14999 12.21¢
10, 0.1000 242504 134263
2C. G.0s500 2.9702 14,278
S 3. 0.02312 3.3842 144860
43, 0.0250 3.6762 154271
5C. 0.0200____3.%01¢2 A5.588 e
8G. 0.0125% 4.,3757 16.254
100, 0.03100; 4.46001 16,578
200, 0.0050 5.2958 17.548
NOTE : FORMULA OF PRESUMPTION i
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ALL DIRECTION

PLOTTING POSITION

- -

STATION
AEGION
BISTRICT

Appendix 4-2 (12)

KIRISAT1, TAR
BETIO-BAIRIKI

s PACIFIC OCEAN

&
ALTITUDE OF STATION & 35.0 .
KIND OF RECORD I WIND VELOCITY
PERIOD QF RECORD 7 33 YEARS
* NUMBER OF SAMPLES : 33
NQ,  MIND . HAZEN THAMAS
VELOGITY . Lo
1 8.36 0.9848 09706 .
2 836 0.9545  0.9412
3 8436 0.9242 . Q.9118
4 8.36° -70.8939 CDW8824
5 9.77 0.3636 0.3529
& 977 . 0L33IZF . 0.3235
7 .77 0.3030 0.7941
8. 977 B 7727, - 0.7447.
9 9.77 Q7424 7 Q.7353 ..
10 9.77 0.7121.  Q.7059
11 9.77. . 0.6818 0.47485.
12 12.60 . 0.86515 0.6471%
13 12.40 06212 ‘046176 -
14 “12.40 0.5909 0.5382
15 12,60 . . 0.5608 ‘0.5538
16 12.40 055303 0.5296
17 _ 14415 0.5000 0.5000
18 145415 | QL4697 QL4706
19 14415  0a43%% 054512
20 14.15 0.4091 0.4118
21 14,15 03738 0.3824
22 15449 G.3485 0.3529
... 23 15449 0.3182 0.3235
24 15449 0.2879 0.2941
25 15.49 0.2578 0.2647
26 15,49 0,2273 0,2353°
27 15469  0.1970 0.205%
. 28 15469 0.1667 Qa1745
__ 29 . .19.03 Q12856 -  0.1471
30 19.03.° 0.1061 0.1176
31 19.03 0.0758 0.0882
32 19.03 .  B.0455 0.0588:
33 19.04 Ge0152 0.0294°

CALCULATION RETHAD

AWA

CALLY

;GUMBEL METHOD

STATION
REGION
BISTRICT

_ KIND OF RECORD

H

H

) H

ALTITUDE OF STATION 7
H

;

KIRIBAT1. TAR
BETIO-8AIRIKI
PACIFIC OCEAN

- 3540 ’

AWA.

WIND VELOCITY (ALL)

NOTE = FORMULA OF PRESUMPTION

XTXQ+{1/A)~VARIABLE

M =
1/A =

11,691
3.082

METERS

BETERS

PERIOD OF RELORD 33 YEARS
(1) NUMBSER GF SAMPLES ;33

RETURN EXCESS VARIABLE VIHD

PERICD PROS . S VELOCITY
1.0t 0.9901 =1.5293 6977
150 Gat687. =0,0940 S11.401
- 0.5000° Q.SbbS 12.52¢
5. 0.2000 1.4999 16.313%
10. 0.1000 2.2504 18.424
204 0.050G8 2.9702 20.344
30. 0.0313 T.3843 22.121
b} e 0.0250 1.6762 23.020
50. 0.0200 3.9019 23.714
30. 0.0125 L3757 25.174

100, 0.010C &.46001 25.868

200. .0.,3050 5.2958 28.012

3 e ol oy ol ol 3 T W T S W
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CALCULATION OF WAVE TRANSFORMATION OF BREAKING WAVES

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

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

1

Period: T = 9.3 sec

Sea bottom slope (at reef tip): tanf = 1/10

M.HW.5 =DL + 1.800 m

Sea bed elevation: h = DL + 0.500 (aferage)

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

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

following.
\ Expression _ ' Va.iue
Lo 1.56 T2 134.9 m
Ho/Lo 6.1/134.9 | - 0.045
ho M.H.W.S - h S 1.300 m
ho/H,, 1.300/6.1 1 0.213
o 0.028 (Hp/L0)~0-38 exp (20 tand 1-3) 0.171
£ 0.52 exp (4.2 tand ) | 0.791
max Max (0.92, 0.32 (Ho/L0)*0:29 exp (2.4 tan$ )) | 2.000
¥ Q
H 1/3 x=o0 Min ((fo-Ho +{1-ho), fmax Hy, KS-Ho) 2,071 m
H1/3 x=o/yi | 2,071/6.1 : | 0.340
7o ! FIG. 3~24 of "Random Seas and Design of
7‘( o/Ho Maritime Structures” . : 0.080
5 2 |
 Co (-*--—-———42"“;{.* hoy® 8 Nk (-=-—-~-——‘-—-——H 1/3_x=0y° where p = 0.56 | 0.110
Q
-‘2“ + _ho /_“.—%9__— where ¢{ = 0.33 0.325
Ho 1+ E‘PO(Z ! - _
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Expression Value
1/3 x= 7
B H /B.XOHdho +l"2m 0.233
Ho HO
H1/3 %2400 | B oexp (-0.05 &) 4 o Botle 0.116
“Hy - T Ho HY
'Wavé Height
H 1/3 x=400 0.116 x 6.1, 0.7T0 m
T x=400/H) J Co - %-p-(wﬁfxﬁ@)z - ho/H}, 0.114
0
Wave Set-up
‘?x=400 0.114 x 6.1 ¢.70 m

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

a)} VWave Breaking at Lagoon Tip

- Significant wave height: Hg = 6.1 m

(MW, return period = 50 years)

Period: T = 9.3 sec
Sea bottom slope (at lagoon tip): tang = 1/30
Sea bed elevation = DL - 6.200 (Lagoon tip)

Distance between the tip of lagoon and veef:

x = 10,000 m

Expression Value

Lo 1.56 12 134.9
Ho/Lo 6.1/134.9 0.045
ho M.H.W.S - h 8.000m
ho/H, 8.0/6.1 1.311
B o 0.028 (H./Lo)™9"38 axp (20 tan 1-9) 0.158
P 1 0.52 exp (4.2 tan ) 0.598
Max {0.92, 0.32 (Hé/Lo)"O'29 exp (2.4 tan )) 0,920
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Expression

_ ?hiué
H 1/3 x=o0 Min ((ﬁo-Hé +f1-ho), @max'Hé; KS-He) 5.612m
H1/3 xeopy) | 5.612/6.1 0.920
B it FIG. 3-24 of "Random Seas and Design of
'Qx—p/Ho Maritime Structures” . ' 0f018‘
Tx=0 + hoy2 3 . H 1/3 x=0,2 AR I
LX=0 + 10 2.8 (2 2lo X=0 = 1
Co (: ) )+ 3 P { Hé‘l -}, where@ :0.56 1,944
Toe bo | [—S2— ' |
Ho' | 1+ %Pdg , where A= 0.33 1.379
B H 1/3I X=0 _ o ho- +‘ e 0.465
HS ")
' =10.,000 " o + oo .
H1/3 %210.000 5 oo oo %), o ho + e 0.455
Ho Ho - Hp :
Wave Height 0.455
H 1/3 x=10,000 | 074°% X &1 _ 2.77 m
n =10,000/Hé V[Eo - E.F(H 1/3-XT10'000)2 = ho/Hé 0.068
X 8 ' Ho
Wave Set~-up : . |
210,000 0.068 x 6.1 0.41 m
b) Wave Breaking at Reef Tip

- Significant wave height: Hy =2.77T m

Period;:

T = 5.3 sec

- HW.L, =DL 4+ 1.8 +'0.41 = DL +2.21

Sea bottom slope (at reef tip): +tanf = 1/20 “

Sea bed elevation = DL + 0,500

Distance between the tip of reef and causeway: x = 300 m
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’-I'Z %x=300

\\ Expression Value
Lo 1.56 T2 134.9m
Hg/Lo 2.77/134.9 0.020
ho H.¥.L - h 1.7l m
ho/Hg 1.71/2.77 0.617
_ {3_0 0.028 (Hy/Lo)=0-38 exp (20 tand 1:3) 0.155
P 0.52 exp (4.2 tan ) 0.642
'ﬂ"ma:c  Max (.0.9.2, 0.32 (Hé/Lo);'O'?'g exp {2.4 tangd )) | 1,122
H1/3 x=0 | Min ((fo-H} + f1:bo), max Hy, KS-Hp) 1.527m
H 1/3 x=o/H] 1.527/2.77 0.551
= et FIG. 3-24 of "Random Seas and Design of =
1 x.fo/Ho Maritime Structures” 0.065
Co l\ﬂ—,ﬂ‘-‘l."’ 2 p. (M&—-) ) whereﬁ = 0.56| 0.529
Ho B Ho
Lot 1o 0 where ¢f = 0.33 0.719
Hy 1+ gﬁdz ! - )
a H 1/3] =0 ho + T 0.314
HO Ho
‘H1/3 x=300 | g ooep (<0.05 ) 4o ._ho_.___lﬁ g 0.239
Ho o . He Ho
Wave Height 0.66
H1/3 wes00 | 0-239 % 2.77 m
s : 3 TH 173 x=300,2 ;
_ _ 2 p(halfl Xty | .102
T x=300/1t,, / Co ~ g RO )" - ho/llp 0
Wave Set—up 0.102 % 2‘77 0.28 m
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(3) Shallow Water Wave (N-direction, Lagoon Side)

~ Significant wave height: Hé =1.14 m
(V;dlrectlon, return period = 30 years)
- Period: T = 4.1 sec
- Sea bottom slope {at reef tip): tanf = 1/20
-~ Sea bed elevation = DL + 0.500
— Distance between reef tip and causeway: x =300 w
Expression ~ Value
Lo 1.56 12 26.22m
Ho/Lo 1.14/26.22 0.043
ho M.H.¥.S - h 1.300m
ho/He 1.300/1.14 _ 1.140
B o 0.028 (Hp/Lo)"0+38 exp (20 tend 1-5) 0.116
g1 0.52 exp (4.2 tand } _ | 0.642
B max Max (0.92, 0.32 (H3/Lo)}=0-29 oxp (2.4 tand )) | 0.920
H 1/3 x=o0 ((Bo'Hy + 1 ho), max H, KS H) 0.967m
H1/3 x=o/z" | 0.967/1.14 0.848
7o ' FIG. 3-24 of "Random Seas and Design of
4ZX"O/H° Maritime Structures" 0.025
% =0 + ho H 1/3 x=0
c S h = 0.56] 1.508.
o T +35 p ( 0 ) , W ereP _
—.O"-F ho _..............(;.2—_—.
H(', 1 +_Fo{2 , where ¢f = 0.33 1.214
B H 1/3. xso _ o ho 41%. 0.447
Ho Ho
B1/3 %300 | 5 o0 (L0.05 & 4 ROt D 0.4006
Ho HO HO.
Wave Height
. .46
H 1/3 x=300 0.4006 x 1.14 0 m
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CALCULATION OF WAVE DECAY IN CASE_OF NON-BREAKING WAVES

Calculation is made based on "SHORE PROTECTION MANUAL Volume I" adopted
by U.S. Arﬁy.

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

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 ft

— Friction factor: Ff = 0.03 (assumed)

- Maximum stable wave height: Hi = 4.263 x 0.78 = 3.327 £t
- Wave period: T = 9.3 sec
=-1,312 ft

— Disbance related to frictien loss: ax = 400 m

Ff-Hi-ax _0.03 x 3.327 x 1,312
- a2 4.2652

= T7.199

: T
afd 2 xTx 4265 o 006o

g2~ 32.2 ¢ 9.32

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

Kf-Hi = 0.41 x 3.327 = 1,364 £t
= 0.42 m {wave height)

Hep

(2) WAVE DECAY FOR DEEP WATER WAVE (Lagoon Side)

a) Friction Loss on Lagoon

Water level: DL+ 1.800

Sea bed elevation: DL - 2.4

|

Water depth: d = 1.3 + 2.4 = 4.2 m = 13.800 {%

— Friction factkor: Ff = 0.03 (assumed)

Maximum stable wave height: Hi = 13.8 x 0.78 = 10.764 £+

-~ Wave period: T = 9.3 sec (NW-direction)



(3)

 Appendix 4-4 (2);

~ Distance: & x = 10,000 m = 32,809 f+%

~ Averaged water depth = 8.0 m = 26.248 ft

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

» = 15,378
a2 26.248°2
2T.d 2 x 7 x 26,248 ' <
= = (0.059
g:T?  32.2 x 9.3° _
Kf = 0.3

Hp = 0.3 x 1o;764 = 3.229.ft = 0.9 m
B) .Frictioﬁ Loss on Reef
- #atér 1evg1:':DL +_1;800
- Sea bed elevation: DL + 0.500 (reef average)
~ Water depbth: d = 1.8 - 0.5 = 1.3 m = 4.265 £%
- Friction factor: éf*:_OiOB {assumed)
- Wave height: Hi = 0.98 m = 3.229 £t
- Wave period: T = 9.3 sec

~ Distance: A x = 300'm = 984.3 ft

Ff-Hirax _ 0.03 x 3.229 x 984.3

a2 4.2652 =022

2v-d 2 x W_x 4.265

= 0.00962

g-T2 = 32.2 x9.32
Kf = 0.5
Hp = 0.5 x 3.229 = 1.615 £t = 0.49 m (Wave height)

WAVE DECAY FOR SHALLOW WATER WAVE (Lagoon Side, N-direction)
— Water level: DL + 1.800

— Ses bed elevation: pL + 0.500 (reef aférage)

1

Water depth: d = 1.8 - 0.5 = 1.3 m = 4.265 £t

Friction factor: Ff = 0.03 (assumed)
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- Maximum stable wave height: Hi = 4,265 % 0.78 = 3.327 ft
© = Wave peried: T = 4.1 sec
-—'Diétance related to friction loss: ax = 300 m = 984.3 f%

Pf-Hi-ax _ 0.03 x 3.32? x 984.3 < 100
4z 4.2652

2. d - 2 x T x 4.265 = 0.0495
212 3202 x 4.12

Kf = 0.51

Hp = 0.51 x 3.327 = 1.697 ft = 0.52 m (Wave height)



Appendix 4-5(1}

CALCQLATION QF TIDAL FLOY 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 sltraight between the
island of Betio and the island of Bairiki in connection with construc-

tion of the causeway.

1-2 Calculation formula -

Following equations for non-uniferm flow will be adopted.

o 02 + NquZ 1u

d

7 + H +

- 2gA2 2R4/3A2
2 202 -
« 0 Nd%0% ‘14
= Z +H'=" = -
L 2gA2 2R4/342

7 : flow bed height

H :  flow depth

o 1 coefficient of energy
: discharge

: acceleration of gravity

Q

4

A flow area
1 distance between sections
N coefficient of foughness
1

u, Nu : wvalves of ¥ and 1 at upstream section from
certain section

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

1-3 Input Data

(1) 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.



(1)

(2)

(4)

1-5

Appendix 4-5(2)

Order of Calculation

To estimate water levels at Sec. A-A' in the ocean side and at
Sec. E-E' in the lagoon side, and then a difference between those

water ‘levels. (Refer to Table-1)

To estimate inflov and outflow in the existing condition.

(Refer to Table-2 and -3)

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

-{Refer to Table-4 and -3)

To estimate inflow and outflow after cdmpletion of causeway.

{Refer to Table-6 and -T)

Results

Tidal inflow and oubflow before and after completion of causeway,

(Refer to Table-8)
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Location of Bections

Fig. 1

" LAGOON

o0 .

e

[T

33 A8 00 NOloT

AUracn®) Jp OLIZONIBEV0D I3V EBOTIFIIS E502]

OO0}

. _
3WIs TN

— o
[ _
!

@ NODs 0 TTTVVRODS

AvAscney 0 BOTISAILEDD) 230J3g FUCIL0IS S604l .

SUOI308g J0 S8IT30Ig z 814



SRR L . ‘Appendix 4-5 (4)
Fjg_. 3. " Tidal Curve at Betio - -
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COMPARISON OF LOADING SPECIFICATIONS FOR HIGEVAY BRIDGES
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Appendix 4-7

ESTIMATION OF EARTHQUAKE LOAD

The fol;owing equatioh quoted from "Design Manual for Seismic Design"
adopted by JRA, which shows good coincidence in case of long epicentral
distance, is selected for estimating ﬁhe-qround acceleration caused by

past earthquakes.

A = 40.3 xlo 0.2621}1 % (d. +30) =-1.208

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

M
d

]

megnitude of earthgquake

]

epicentral distance in km

Past earthquake records and induced ground acceleration in Tarawa
Island (0L921'N, 172956'E) are summerised hereunder.

. TABLE-1 PAST EARTHQUAKES AND INDUCED GROUND ACCELERATION

: Qccurence R Epicentre
No _ : . . d A
Year Month Date | Latitude Longitude Depth Magnitude| km | %g
1 {1982 1 7 3.4 8 177.6 E 33 km 5.8 M |739 [ 0.4
2 11982 5 23 3.4 8 1I77.4 E 32 km 6.1 M {724 | 0.5
3 11883 1 31 3.58 177.T E 31 km 5.8 M |755 0.4
4 11983 2 5 3.5 8 177.8 E 33 km = 5.8 M 763 (0.4
5 11983 3 8 3.5 8 177.6 E 33 knm 5.8 M |7T47 |0.4

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

published by Marzen, Japan)
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