h.4)3 Lighting

A total of 4 1ight1ng units will be provided at’ both sides of the -
abutment These lighting poles will not only 111uminate the road
'surface, but will wark as marks of ‘channel for flshing boat.

Besides - the 4 lighting poles mentloned above, a total of 8 lightlng
poles will be provided at intervals of 30 n along the approach.road.

4.4, 4 Guardrails,

_Guardrail made of reinforced concrete will be prov1ded at the
section of 30 m at the vicinlty of the brldge, while Wall type
rallinge con51sting ‘of mortal masonry of coral stone w111 be pxovzded '

" at the remaining sections.
45 Névigahion Aids

A navigatlon guidance plate (made of concrete) 1nd1cat1ng the channel
width and the helght Admit under the girder Will be 1nsta11ed at the

center of the brldge, at both 51des of the handralls. :
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o V System for Implementatlon

. of the PrOJect






SYSTEM FOR IMPLEMENTATION OF THE PROJECT

Organ Responsible for Implementation of the Project

The ministry of Public Works will be respomsible for implementation

2.1

of thig project. The Goverument of the Marshall Islands assigns an

engineer responsible for the project (Project Coordinator) in order
to set forth in a smooth manner every work related to the project,
including the construction of the channel, bridges, approach roads

and other utllity appurtenances,

The detailed design and the supervision of the construction work shall

be under the responsibility of the Japanese Consultant Engineer.

The construction work shall be carried out with a Japanese construction

firm working as contractor. However, with regard to part of the works,

local construction. companies might work as subcontractors.

Plan for Execution of the Construction Works

Civil Works

The construction of tﬁe.detour should be execqted in edvance of

‘any thing else. Therefore, the excavatien of the channel should be
Started in the flrSt stage, in order to obtain the material requlred
land fill for detour. The construction of the substructure and filling
.of approach road should be started after changing the traitlc to the

detour..

Sand, crushed stone and other filling materials fequired in the
construction work should be obtained from the debris resuiting from

the excavation of the chanmel aﬁd sand dredged from Majuro lagoon.

,,3 5._..



2.4

2.5

Substructure

‘One of the abutment should be constructed in advance, while the other

one should be constructed a little later. 'The'excaﬁatioc3sﬁoﬁld be
carried'out'medhanically; by using explosives at the bedrock]and.the
finishing work at the vicinity of the botom shouid be carried out

manually.

Concrete should be transperted by mixer tracks from 'the plant located

in Majuro and should be casted either manualiy or with bucket.

Superstructure

The main girders. should be constructed in parallel w1th the substruc-
ture work, at a place where it does not interfere with the substructure
work, and should be 1nstalled on the piers by means of ‘a crane as soon
as the substructure work is completed It is possible to construct the
superstructure with cast- ~in-place concrete using’ bent ‘but this ‘method
is disadvanﬁegeous from the point of view of required construction time,
because the constuctlon of the superstructure can be started only after

completion of the substructure.

Construction of Road

The approaches at both sides of the bridge ‘should be constructed simul-
taneously. The rubble mound at the ocean side should be constructed in
the first place and then the filling and the reventment works should be

execute in parallel. The pavemeht should be constructed after laying

‘the water pipes and constructing the curbstones and handrails.

Bulldozer and vibrating roller should be used for'rolliog compaction
of the subgrade, while crane should be used for comstruction of rubble

mound and masonry work of slope gradient.

Excavation of the_Channel

The excavation of channel should'be carried out by using rock drill-and:

. explosives. Dredging of broken stones should be carriyd out by using

backhoe, the collection of lumps should be carried out by using dozer
shovels and other similar machinery and the said debris should be

transported to the prescribed place by using dump trucks.



Scope of Work

The works to be carried out within the scope of the Japan's grand aid

‘are as follows. .

(15 A small'fishing boét channel;
(2) A bridéé over the channel, including approach roads witﬁ railings;
(3) Teﬁporary_road during construction period; |
(4) -Utility appurtenances_

1), Ligﬁfing |

2)  Traffic coptrol devices

3 Navigatibn aids

4) Wéter'supply mains of.fhe Project Sitg;
(5) Tempﬁfafy work to remove:water pipes;

(6) Detailed'designing and_superfising services.
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'Maintenance°and-6peration

'In principle, this is ‘a maintenance-free work. HOWever, the repair of

'h'damages occurring on the pavement damages caused “by ac01dents and main-

6.1

tenance ‘of the lighting facilities shall be undertaken by the Miniatry
of Public Work together with teh routine adminiatration work of ordinary

roads

'Water pipes under bridge require periodic inspectlon, and this JOb should

' be handled in. the same way as ‘the maintenance and operation of steel

pipes of the filtration plant and pumping station.

"With:regard to the improvement of water quality resulting from thc ex—;
_cavation of the channel and tidal current in the channel caused by dif~
fference of tldal range betWeen lagoon and ocean, the Ministry of

| Public W01k shall carry out the relevant observations, in order to provide

data and informarlon for future projects of this ‘kind.

Procurement

.Materials

"Materials.requiren forrinplementation of the project-shoulo‘bejbrought;

from Japan, ‘because they are not available Locally. The major items of

materials which should be brought from Japan are as follows.

: Cement _ o
Fine'aggregate and cOarséfaggfégate
-Prestressing tendon o _
.-Bearing shoes and expansion 3oints
Relnforcing bars_ '
'Asphalt (bitumen)

Other-materials like cat‘s—eyeffor-centerline'of road, etc.

_39_



6. 2 Machinery

The execution of the construction works involved in this project is
possibly by using 1oca11y available machinery However, it is required
to take in at least one backhoe or more for execution of excavation
works, because only one - machine of this kind is available 1ocally at
present. In addition, it 1s also required to take in one set of

machlnery for constructlon of the main glrders.
6.3 Manpower

The bridge of’ this proJect is a PG girder, requ1ring therefore‘
speciallzed labor. for its constructlon.. Accordlngly techn1c1an
for erectlon of the main girder,- installation of the f1x1ng ap-
'paratuses, cable ten31oning, grouting {nside’ sheath etc.,=w111-

be requlred at the occa51on of construction of the superstructure.

As for the constructlon of the substructure,_the relevant works can
'be_carried.out by using. the locally available manpower, by prov1dlng

one expert_superv1sor.









VI.

1.

PROJECT EVALUATION

Fconomic Evaluation

1.1 Objectives of Evaluation

This project is evaluated in relation to the trolling of fishing boats

of the DUD area of the Majuro Atoll. for the folibwing reasons:

(1) Almost all benefits brought by the new channel are received by the
fishing boats in the DUD area.

(2) Fspecially, almost all the benéfits are received by the trolling
fisheryjoperated in the'open sea; 99% of the landing from the

‘trolling fishery are occupied by the DUD area.

Evaluation Method

A presumption is made that 100% of the consumed fish are supplied
domestically from the standpoint of improvement of protein nourishment

supply and import'substitutfon.

The catch effort is to be increased to éatisfy this condition and the
benefit that comes out of the pertinent project is evaluated by the
total benefit consisting of beneficial factors on cost and time saving.

The price used in this calculation is the price as of 1981.

(1) Demand forecast

The eStiméted fish demand in the Majuro Atoll based on the popula-
tion_grthh and consumption per capita is ahout 650 tons in 1990
andﬁabout.l,IOO tons iﬁ.ZOOO.. In addition, fhéy,donsume chicken
and if the ¢hicken cdnéumption is converted to fish, the total
estimated protein demand is about 900 tons in 1990 and about 1,400
tons in 2000 (Tables 15 and 16).

(2) ‘Target of catch and operation frequency of small fishing boat

' The fish demand of the Majuro inhabitants can be satisfied by
traﬁling operation of 16 to 19 DUD fishing boats in 1990 and 27 to
33 boats in 2000. Increase of ¢atch is not planned on reef fishes
iﬁ the reef areas and bottom fishes in the 1agoon gince these fish-

ing grouhds are 1imited and the population must be protected. ‘The

_..4 l..._



‘target ‘1s to be hit by increase of pelagié_fishes caught by DUD -
small fishing boats (Table 17).

(3) Annual benefit
The annual benefit is calculated uging the following formula:
Y = A(By + B2)
where, Y : Annual benefit (¥/yr)
A : Mumber of opérations {count/vyr)
Blf CoSt_saving benefit per opératidh (¥)
Bp: Time saving benefit pér operation (€)
(4) Cost saving benefit’ per operation .
The cost saving benefit per operation is calculated using the
following formula: : ' o

B1=2(D1-D2)X-%'—.XF

where, By: .Cost:saving bénéfitfpér Qpéfétion (%j _
D1: . Average sailing disténce'from'DUb'area'to”thér:”
fishing ground (without projeét) 7(¥) '
Dp: Average sailing distance.fromlDUD;area to the
fishing groﬁnd (with project) =~ (¥)
Fuel consumption efficiency_(kmlg)

Fuel price (¥/2)

(5) Time saving benefit per operation

. The time saving benefit per operation is calculated using the

following formulae:

Bz = aT
W : 1
a= o x {1+ b)" x TR X RX N
i
T = 2(D; - Dp) % <

where, Ba: Time saving benefit per operation((¥)
Value of time (¥/hr).
: Time saving (hours)

Total wave ($)

=T R

i+ Total number of laborers (persons)

—4 27,4



Rate of annual wage ralse
Number of years | :
P Number of working days (days/yr)
| Working hours per day_(hours/day)

Foreign exchange rate (dollars to yen)

Tz wm = o® B o

¢ Number of crews (persons)
D1: Average sailing distance-from DUD area to the
fishihg'ground'(wifhout preject) {(km)
D2: Average sailing dietance from DUD area to the
_ fishiﬂg'grOQnd (with project) (km)
8 'Salllng speed‘(km/hr) | '

1. 3 Benefit .Calculation
(1) Cost saving benefit per operation

The cost saving”benefit per operation is calculated as follows:

By = 2(54.2 - 32.3) x 115 X 93
= ¥2,716/eperation
Data source:
F ¢ Retail price in Majuro (prlce in December, 1981,

based on ¥220:$1.00)

(2) Time sa#ing benefit per'operetion
The time Sav1ng beneflt per operation is calculated as follows.'

8,065,000 - z'x S

a = W.X (1+0-035) WXZZOXB
= ¥820/hr

'T.— 2(54.2 = 32.3) x 1
oo ’ 40
= 1.1 hours

Bz = 820 x 1.1

¥902 foperation

Data source:

W : Majuro Development Plan (1981), price of 1979
P : Majuro Development Plan (1981), price of 1979



Majuro Develépment Plan (1981)
: 2 years (from 1979 to 1981)
: Interview with Majuro_inhabitants”(December, 1981) "

I

Interview with-Majuro iﬁhabitantS'(ﬁéCember, 1981)

Foréign exchange rate of December, 1981

Interviéw with Méjuro inhabitants {(December, 1981)
. & Da: Table 13 and Figs. ! and 2 |

: Table 10 -

Mmooy = = R”R T

(3) Annual benefit
The annual benefit on cost and time saﬁing is calculated as
follows:
Y = A(2,716 + 902)
= ¥3,618 x A
Assuming that the chanmel is usable from 1983, the catch target,
number of fishing operations and annual benefit (based on'the
" prices of 1981) of tioiling by fishing boats in the DUD area are
calculated and the results are shown below: (Tablé i4)
Table 3 Annual Benefit
Cear Catch target | No. of | Annual benefit (¥ milllon)
(ton) operation | Cost saving | Time saving | Total saving
1983 409.8 3,518 9.6 3.2 ~12.7
1992 653.8. 5,612 15.2 5.1 20.3
2002 1,116.8 9,586 | = 26.0 8.6 34,7
Note: The second place figure from the decimal point (¥10,000) was

rounded by céunting fractiods of .05 and over as .1 and dis-
regarding the rest. Therefore, the total values in the "Total
saving" column do not necessarily match with the total of the

expense saving and time saving values.

._4 4_...




1.4 Cost-Benefit Analysis

Cost benefitfanalyeis is carried out to understand the effect of the

inveetment_in case of the Government of the Marshall Islands

invests directly to the project.

(1)

(2)

(3

(4}

Project Life
Project 1ife: 20 years (1982 - 2002)
Construction duratlon. 1982 - March 1983

Cost beneflt is calculated based on 20 years project life from
1982 to 2002 |

'Ccst

Construction cost. (rough estimataticn): ¥240,000,000.~

Maintenance cost: 1% per year

'Beﬁefit:

The prOJect brings two klnds of beneflt direct benefit and

indirect beneflt

Direct beneflt..Time and cost saving of fishing operation

Indirect benefit: Benefit by production increase
Cost benefit isg caletlated by direct benefit only. To calculate
indirect benefit is quite hard due to_the'difficulty of forecasting

methodology of fish price and fish resources in the Future.
Evaluation

Economic Internal Rate of Retufn (EIRR)'of this project was giﬁen
4.2% on the basis of above mentioned condition. Economical Effect
of this pr03ect is not so high from the figure (Table 25 26, 27). '
However,'value of time on which calculated time saving benefit

is not included increase of net national income in the future.

Therefore'celcplated value is evaluated at lower side.

Moreover, after'the'completion of the project, about 30% of

fishing operation will be increased, and this increase will bring

indirect benefit.

In accordance with the mentioned above consideration the project
expects direct benefit (time and cost saving benefit of the fishing

operatlon) and indirect benefit of fisheries.



2.1

2.

2

Coneequentiy, thie:projeet'wiil=contribute economic"growth'ofr;

'Marehall Islands.

80cia;'Effeet"

'Effect of Environmental Improvement

While the new channel contributes a little to improvement of the whole

water An the lagoon, partlal 1mprovement of water in and around the:

'channel area can be expected since the polluted water in the ldgoon

will flow out to the ocean and clean water will flow from the open Sea

inte: the 1agoon,

Fish Mlgration Effect

Slnce the water is mixed between the: lagoon and the open 8ea through
the new channel varlous reef flshes ‘are expected to nigrate 1nto the
1agoon through the channel Reef fishes on the outer reef are expected
to settle on the inner reef after the water 1mprovement around the

channel.



2 3 Welfare and Safety Effect

2.4

The distance between the DUD area and fishing areas in the south of
Majuro Atoll is about 80 km and it takes about ? hour to reach to

'fishing area by small boat, if passing through the Calalin Channel
of the atoll north In order to save time, often these boats dare
the risk of crossing the reef at the edge of Darrit at high tide,. _
and accidents causing mortality do occur. The new channel will. eliminate
the need of crossing the reef, and safety in the voyage becomes high

Also, emergency refuse is much easier when' the weather changes suddenly.

Relationship w1th Arno Atoll

The MaJuro and Arno atolls are very close and the linear distance is
only about 20 km.' However, ‘since boats must g0 through the Calalin

Channel of MaJuro Atoll and the ‘Dodo Channel of Arno Atoll, the actual

_sailing distance between the two atolls ig" about llO km. - Opening of

the new channel in Lhe MaJuro Atoll shortens the dlstance only by lO km.

The sailing distance by cr0551ng the reef at the Arno Island north at

high tide daring a certain degree of danger, is 70 km through the

' Calalln Channel and 35 km through the new fishing ‘boat channel, and

this is a substantial saV1ng in the distance.

While additional investments are needed'in many ways,. the Arno Atoll '

will be rece1v1ng great benefit socially and " economically from this.

.new channel

S -In_direct '_'Effect

K'-Expansion of industrles by effect utilizatiOn of marine resources and

- increase of employment opportunlties are expected as indirect effect of'

teh pertinent pProject.

e












VII. CONCLUSIONS

The major economic development on the Marshall Islands would be the
.establishment of fishery. However, the fisheries in Majuro Atoll, the
capital of Marshall Islands, are in primitive.stage yet and small fishing
boats are currently inaccessabie'and practically unreachable to the fishing

ground in the south of the atoll.

The effect of this project relatedlto opening of a new channel for small
fishing boats is great for development of the fisheries in Majuro and

Arno Atoll,

Further, the following direct and indirect effects are expectable from

realization of this project:

(a) Enthusiasm of the people to fisheries will become greater since the
fuel consumption is economized, the operation hours can be extended

and the sailing is safer.

(b} The relationship with the Arno Atoll is made closer and safety of

the sailing is improved.

{c)} The lagoon water around the channel w111 be able to flush 1tse1f
cleaner through tidal circulation. Also, entry of pelaglc fishes

into the lagoon can be expected.

(d) TInhabitants have a lot of intérest in tealizing the new channel, and

the project ‘can be p051tioned as a monumentary progect of independence.

(e} The Brldge w111 he a symbol of Jajuro Atoll and it helps promote

frlendshlp between Marshall Islands and Japan.

Thus, it is recommendable that this prOJect is an appropriate project to which

- the Japanese government provides the grant.












VITL. REFERENCE MATERIALS

: Table 1 Qrganization of Stuﬂy Team

© Name | Speciality : Present Title

- Mr. Sunao Sakai Team leader .| Disaster Prevention and
: ' S ' Coastal Protection Div.,

Fishing Port .Dept.,

The Fisheries Agency

Mr. Koichi Kobayashi | Cooperation Planner Construction biv.,
. : : Fishing Port Dept.,
The Fisheries Agency

Mr. Masanobu Nishizu Economic Cooperator'| Development Cooperation

: ' : Div., Economic Cooperation
Bureau, The Ministry of
Foreign Affairs =

Mr. Katsuyuki Hioki ' Bridge,Eﬁgineéx | Chodai Co., Ltd
Mr. Hiroyuki Namiki | Civil Engineer Chodai Co., Ltd
‘Mr, Shigeru Shimura - | Fisheries General |- Chodai Co., Ltd




8.

10.
11.
12.
13.

14,

i5.

16.
17.
18.

19,
20.
21.
22,

Table 2 Related Parties of Marshall Islands

Name

Honorable AMATA KABUA

Honorable KUNAR ABNER

Honotrable X KESAI NOTE

Honorable. OSCAR deBRUM

Honorable CHARLES DOMINIC

Mr..TONY deBRUM'f

‘Mr. §TEVETMULLER:

M. EDINAL JORKAN L
Mr. JOHN PAUL JONES

Mr. JAMES A.rABERNAfHY.

Mr. JOHNNY LASAQ
‘Miss MARIE MADDISON

Mr. LARRY BARING
Mr. RUDY MULLER
Mr. DANNY WASE

Mr. OSCAR MILNE
Mr. DEAN ROBB

Mr. BUJEN JAGOB

Mr. TONY FERRER

Mr. KUNIO LIBOKMETO
Mr. ABE HICKING

Mr. JERRY KRAMER

Consulate in Agana

Mr. Hiroshi Ohi

Mr, Fumio Shionoiri

Mr. Noboru Sudo

Present Title

fresideht ofithe.ﬁarshaii Isiands.““-

MinisterIOEIPublic Works .
:Mlnlster of Resources and Development:
_Chief Secretary

' Chalrman of Marltlme Authorlty
_.(Secretary of Public Works).

Secretary of Fore1gn Affalrs

Deputy. Secretary of. Forelgn Affalrs,

. Far East Affalrs and Flsherlesr;

Ass1sLant Secretary of Foreign Affairs

.Offlce Manager of Forelgn Affairs
_Spec1al PrOJeCtS Coordinator

-Clv11 Englseer, Plannlng Dlv., MOPW

Chalrwoman Publle Service Communicatlon

. Securlty Offlce,_Fore;gn Affarrs,.

=Port Dlrector o

Manager of Majuro Flsherman Cooperatlve '
Assoc1at10n : : '

Weather Statlon Majuro, folClal incharge
Legal Adv1ser, Flsherles

District Sanltarlan Mlnlstry of” Health
Serv1ces k :

Marshall Islands ngh School'
Marshall TIslands High bchool'
Marshall Islands High Schoolr

Pacific International Ine.

COnsulate?general 
Consul

Vice-consul



Table 3 Survey Team Sehedule

December 11, Friday | Left Narita at 10:15 and arrived Guam at 15:45
: via CO:620..

Visited the Lonsulate in Agana

'Stayed in-Guam.

December 12, Saturday 'Left Guam at 15:10 and arrlved Majuro at 23: 45
' - | via CcO 618. _
Met. by Mr. Steve. . -

December 13, Sunday Preparation for survey
Preliminary survey and meeting of members -

December 14, Monday | Visit to the Marshall Islands Governemmt,

C Madé a curtesy call to the President.
Explained the inception- report and determined
the survey schedule

December 15, Tuesday .| Visit to the site. and meetlng with Ministry of
: : : Public Works (PW). :

Surveyed the whole area of the southern_slde of
-the'atoll and selected the site for bridge.

December 16, Wednesday 'Meetlng with PW and measurement of the project
S site

Conferred on the matter of setting the project

‘site and measured the site.

Gave explanation on grant of the Japanese govern—

ment

December 17, Thursday Meeting with PW and measurement at the field
: Conducted vertical and lateral measurements.

Collected information’ from PW on matters of

brldge construction and civil engineering.

December 18, Friday . |Visit to PW, Pacific International Inc. (PII),
" | and Majuro Fishermen's Cooperative Association
(MECA) . .

Collected informatlon.

December 19, Saturday | Home work ‘ _
Construction cost calculation preparatinn of
general charts, and arrangement of data

December 20, Sunday | Field survey

: Made a boat trip for survey ~of the northern side
of the atoll.
prepared the mihutes of meeting (draft) and
worked on various reference data.

December 21, Monday Meeting with PW
Concluded the Minutes of Meeting.




December 22,

Tuesday

Field survey and v131t to MFCA. .
Collected further data and discussed’ the con-

.gtruction schedule within the téam- members.

December 23,

Wednesday

Field survey and courtesy v1sit to the Marshall
Tslands government. : .
Measured the traffic volume, interviewed fresher-
men  and investigated the construction machinery

‘situation. .

December 24,

-Thursday

Field survey

Conducted alroplane survey over MaJuro and Arno
atolls.

Sakai, Kobayashi and Nisuzu left MaJuro at 10: 35
and arrived from at 15:57.

Vislted the Consulate in Agana. :

Set a tentative bench for the progect -and
collected 1nformat10n on Japanese fishing vessels.

December 25,

Friday

Home work and fleld survey

Set the measurement results in order.
Surveyed the environmental and contamination
situation within the atoll.

Sakai, Kobayashi and Nisuzu left Guam at 6 30 and

'arrlved Narita at 9: 50.

December 26,

Seturday

Fleld survey -
Surveyed the southwestern part of the atoll

December 27,

Sunday

Field survey ‘
Conducted plane surveylng of the site and sea
botitom “investigation.

December.ZS,

Monday

Visit to PW and Heteorological observatory.
Collected and rearranged the information. -

December 29,

Tuesday

.'Meetlng with PW and departure

Left Majuro at 12:35 and arrived Guam at 16 57
via CO 617, :

Had a meeting with the consulate.

Stayed in Guam.

December 30,

Wednesday

Left Guam at 6:35 and arrived Narlta at 9:50 via
Co 615.




Table 4 List of Typical Fish Species by Major Fish Group
- (English and Scientific Name)

Pelagic fishes

Albacore N . " Thunnus alalunga
Bigeye tuna _ | Thunnus obesus
Yellowfin tuna. " Thunnus albacares
Skipjack tuna Katsuwonus pelamis
Sail fish ‘ Istiophorus platypterus
Blue marlin Makaira nigricans
Wahoo (Spanish mackerel) ' Acanthocybium solandri
Mackerels ' ' Raétrelliger Spp.
Dolfin _ _ Cofyphaena‘hippurus
Needle fishes ' Belonidae

‘Flying fishes ' : - Exocoetidae

" Reef fishes

Rabbit fishes . Sigaidae
Mullet " Mugilidae
..Parrot fishes : : S Scaridae
Rudder fishes Kyphosidae
Tfigger fisheé ' Balisfidae
Bat fish Platax orbicularis

Bottom fishes

Grdupers _ Epinephelus spp.
Shéppefs ' Lutjanidae
Blacktipped soldierfishes - Holocehtfidae
Big eyes : Priacanthiﬁae
Emperors - Lethfiﬁidae
Needle fishes | Belonidae
Trevally ' Alectis Spp.




Table 5 Fish Landings by Major Fish Group
by Area at MFCA in 1978

Unit: tons

Area .
Major fish group D.U.D. Others . Total
_ 92.5 _ 0.9 S 934
Pelaglic fish- (72.5)% . (0. 7)* (73.2)*
: [99.0] [1.0] .+ (100.0]
13.6 2006 34,2
Others (10.7)% (16.1)% (26.8)%
Cotal 106.1 215 127.6
otatl . (83.2)* (16.8)% (100.0)*

Source: Rearranged from Table 21 :
Fish landings from unknown area are excluded

Remarks: * : Figures in parentheses indicate shares of fish landings
by majoxr fish group by area to the ground total.

Table 6 Monthly Average Fish Landings per Operation at MFCA "

Pelagic fishes Reef fishes B ‘Bottom fishes

Month
_ ibs kg Ibs kg ibs - kg
1977 _ | | a SRR
Sept. 200.4 90.9 '56.0 25.4 57.7 7 26.2
Oct. 258.7 117.3 63.8 28.9 30.8 14.0
Nov. 234.0 106.0 70.0 31.8 3604 - 16.5
Dec. 238.9 108.4 63.4 28.8 - 51.5 23.4
1978 o | | |
Jan. ©183.8 83.4 57.4 26.0 57.0 25.9
‘Feb. 294.0 133.3 56.0 . 25.4 58.0 26.3
Mar. - ) Lo - . - - -
Apr. 247.1 112.1 72.4 32.8 "56.6 25.7
May 253.5 115.0 81.4 36.9 49.8 22.6
“Jun. 232.5 105.5 - 76.5 34.7 L 42.0 19.1
Jul. - - - - ST —
Aug. - 272.5 123.6 89.7 - 40,7 47.8 S 21.7
Remarks; - : No data
Source: Complled by unpublished data on daily catches by major fish

group from September 1977 to August 1978 (data lacking in
March and July 1978) obtained from the Majuro Fishermen's
Cooperative Association in December 1981.

__5'6_



Table 7 Number of .Landlng Times by Major ‘Fish Group at MFCA~

Pelagic fishes ' Reef fishes Bottom fishes Total

1977
Sept. - 78 378 - 198 - - 654
Oct, 97 © 163 68 328
Nov. - 62 156 60 278
Dec., 66 © 125 _ 49 240

1978
Jan. 34 101 32 ' . 167
Feb. 68 67 30 165
Mar. - R - R
Apr. 57 - 69 _ 41 167
May ' 69 .78 24 ' i71-
Jun, - 53 - 96 - 35 184
Jul, ' - ' - ~ ' -
Aug. _ 82 : 62 32 176

Source: Compiled by unpublished data on daily catches by major fish
group from September 1977 to August 1978 (data lackiug in
March and July 1978) obtained from the Majuro Fishermen's
Cooperative Association in December 1981,

Remarks: Average number of landings for pelagic fishes are 80.0 times
: per month-and 960 times per annum.

Table 8 Number of Fishing Boats in Majuro and Arno Atolls

. - Number of
Atoll Area fishing boats
Darrit L 25
Uliga 10
Majuro Daiap'_ : 15
' Laura 15
Others _ - 5
Subtotal ' 70
Arno ' 0
Total ' ' : 75

Remarks: ' Number of fishing boats, four to nine meter long and powered
with outboard engines or diesel engines, were estimated from
the interview with the manager of the Majuro Fishermen's
Cooperative Association in December 1981.



Table 9 - Fuel Coﬁsumﬁtion per Fishing Operation

Outboeard engine

'Fuel_consumption

(H/P % No.) _ OPen sea Lagoon .
o (gallon) (liter) (gallon) (1iter)
25 X Twin 30 114 12 45
50 x Twin 40 151 - -
50 % Twin 40 151 10 38
50 X Twin 50 189 15 57
50 X Twin 60 227 25 95
85 X Twin 50 189 - -
85 % Twin 60 227 - -
85 X Twin 70 265 30 114

Remarks: 1 gallon = 3.785 liter

Sourcé:

Results of interview with local flshermen of D.U, D area
in December 1981 o : :
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Table 11 -Number of Fishermen and.Their Fish Landings
by Fishing Method at MFCA in 1978

A
]

oftfishe;men Fish landing (1bs)

Fishing method No. (persons) . : .
P Max. - ‘Min. ‘Average
Trolling 45 70,078 4 4,588
Spear 133 3,815 6 322
Hook 103 2,714 9 207
Net 133 2,521 5 198
Remarks: (1)_Number of fishermen 1s 282, in total.
(2) “Compiled by unpublished data on fish ladnlng by
-1nd1v1dual fishermen by fishing method obtained from
the Majuro Fishermen's Cooperative Assoc1atlon in
December 1981.
Table 12 Retail Price of Lecal Fish,.ImportedrFrozen Fish,.
Canned Fish and Imported Meat
Item Price ($)
Local fish ,
Skipjack 0.95/1b.
Reef fish 1.00/1b.
Imporﬁéd frozenfish
Skipjack 0.90/1b.
Mackerel 0.60/1b.
Canned fish
Mackerel 0.85/425 g.
Sardine 1.10/300 g.
Tune 1.35/200 g.
Meat
Frying chicken 0.79/1b.

Source:

Price at the Robert Reimers Super Market in December 1981.



Table 13 Distance from D.U.D. Area and Zone of Fishing Ground
in the Open Sea; with or without the Project

'DistanCe.from o fZéne of fishing ground (km?)
D.U.D. area ' ; . .

(km) -7 Without With
0~ 5 . 0 ' 0
5 =10 0 43
10 - 15 ' 0 115
15 ~ 20 0 256
20 - 25 7 403
25 - 30 72 377
30 - 35 148 305
35 - 40 - : 213 266
40 ~ 45 216 223
45 = 50 256 246
50 - 55 312 173
55 - 60 . - 338 72

60 = 65 " 354 0
65 - 70 g 266 0
70 - 75 . 190 0
75 ~ 80 95 0
80 - 85 ' o 13, 0
Total o 2,480 2,480

Remarks: (1) See also TFigs. 1 and 2._ N
(2) Average distance from D.U.D. area

without the project: 54,2 km
with the project : 32.3 km



Table 14 Target Catches of Pelagic Fishes by D.U.D. Fishing Boats
and the Projected Annual Benefit '

BenefLt (1,000,000 yern) *

Target'batches ‘No. of times

tear (tons) of Qperation Fuel cost gime saving Total
saving : :
1983 © 409.8 3,518 9.6 3.2 12,7
11984 431.8 3,706 10.1 3.3 - 13.4
1985 454.8 3,904 10.6 3.5 14.1
1986 477.8 4,101 11.1 3.7 14.8
1987 502.8 4,316 11.7 3.9 15.6
1988 529.8 4,548 124 4.1 16.5
1989 556.8 4,779 13.0 4.3 17.3
1990 586.8 5,037 13.7 4.5 18,2
1991 618.8 - 5,311 14.4 4.8 19.2.
1992 653.8 . 5,612 15.2 5.1 20.3
1993 690.8 5,930 . 16.1 5.3 21.5
1994 - 728.8 6,256 17.0 5.6 22.6
1995 769.8 6,608 17.9 6.0 23.9
1996 812.8 6,977 18.9 6.3 25,2
1997 857.8 7,363 20.0 6.6 26.6
1998 902.8 7,749 21.0 7.0 28,0
1999 954.8 8,196 . 22.2 7.4 29.7
2000 1,006.8 8,642  _ 23.5 7.8 31.3
2001 1,060.8 9,106 24,7 8.2 32,9
2002 1,116.8 19,586 26.0 8.6 34,7

Remarks: * : Current price in 1981



Table 15 Projected Popialation and Fish Demand
in Majuro Atoll in 1990 and 2000

Year

Item - 1980 1990 - 2000
Population ¥l - 11,893 16,020 22,610
Per capita GDP *2 : | \
s §) _ 955 1,187 1,475
Fish consumption index *3 ;
(100 in 1980) 100 117 136
Fish demand o
in gross weight
a) Without'guﬁétitution
for poultry _ : :
Total {tons/year) 415 652 1,072
Per capita (kg/year) 34.9 40.7 47,4
B) With subgtitution
for poulty :
Total {touns/year) _ 547 . 858 1,411
Per capita (kg/year) 46,0 53.6 62.4

Source : %1: Majuro Development Plan (1981)

*2: Wastewater Facilities Plan Marshall District (1979); current
price in 1977. The projected growth rate of per capita GDP
is estimated to 2.2% (3#0.022)'ba59d on "Low case growth of
GNP per person in 1980-1990 of middle~income oil importing

. developing countries" in "World Development Report, 1981",

%3: Income eléstisity of fish:’ e=0.7.
Index: 100(L + a x )™, a=0.022, e=0.7, n=10,20.

__6 3—



Table 16 Projected Population and Fish. Demand
in Majuro Atoll from 1980 to 2000

Projected fish consumption in pross-weight

Without'Substitution
for poultry C

With substitution .
for poultry

1,411

, ‘ Total |pér capita Total |Per capita

Year POpula;ion {tons) (kg) (tons)_ (kg)

1980 11,893 415 34.9 547 | 46.0
1981 12,252 434 35.4 572 46.7
1982 12,622 454 36.0 598 | 47.4
1983 13,004 475 36.5 627 48.2
1984 13,396 497 37.1 655 48.9
1985 13,801 520 37.7 686 | . 49.7
1986 14,217 543 38.2 707 | 50.4
1987 14,646 568 38.8 750 51.2
11988 15,089 595 39.4 785 |- 52.0
1989 15,544 622 40.0 821 | 52.8
1990 16,010 652 40.7 858 | 53.6
1991 16,572 684 41.3 902 | s4.4
1992 17,153 719 . 41,9 949 55.3
1993 17,755 756 | 42.6 996 56.1
1994 18,378 794 43.2 1,048 | . 57.0
1995 19,023 835 43.9 . 1,100 | 57.8
1996. 19,691 878 44 .6 1,156 | 58.7
1997 | 20,382 923 |  45.3 1,215 | 59.6
1998 21,098 968 45.9 1,279 60.6
1999 21,839 1,020 | 46.7 1,343 61.5
2000 22,610 1,072 47.4 624
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Methodology 1. Estimation of the Catch of Pelagic Fishes
per Trolling Operation

The catch of pelagic fishes per trolling operation is estimated by the

foilowing formula:

1,000 x A x B

C
where,
_Y: Catch of pelagic fishes per trolling operation (kg)
A: TFish landing at MFCA per annum (tons/year)
B: Ratio of pelagic fishes to the whole fish landing_at:MFCA
GC: . Total number of landing times for pelagic fishes at MFCA

Data source:

A:  Unpublished dafa from MFCA, avérage_quantity of 1978 and 1979

_ (see Table 18,19)
B: Unpublished data from MFCA (see Table 5) | . '
C: Unpublished data from MFCA (see Table 7)

The catch of pelagic fishes per trolling opefatidﬁ'is estimated as foliows:

1,000 x 154.2 x 0.725
960

116.5 kg



Methodology 2, Estimation1of the Number of Times of Trolling Operation
per Fishing Boat of D.U.D. Area

The number of times of trolling operation per fiéhing'boat of D.U.D, area

is estimated by the following formula:

__AxB
Y= 6% D

where,

Y: Number of times of trolling operation per fishing boat of
D.U.D. area per annum _ _ N
Total number of landing times for pelagic fishes at MFCA
Catch ratio of'pelagic fishes iﬁ D.U.D. area to those in the
whole Majuro . _
Ratio of fish landing at MFCA to the total catch in Majuro

D: Number of fishing boats in D.U.D. area

Data source:

A 'Uﬂﬁublished data from MFCA (see Table 7) “
B: Unpublished data from MFCA (see Table 5)
FAO (guoted by Koshimura and Horibe (1981)

D: Results of interview (see Table 9)

The number of times of trolling operation per fishing boats of D.U.D. area

is estimated as follows:

960 x 0.99

Y= 065 X 50

29.2 times per annum

Accordingly, 2.4 times pér'month

~77—



Methodology 3. Estimation of Per Capita Local Fish Consumption

Estimation of per capita local fish consumption in Majuro Atoll is estimated

by the following formula:

Y o= —oie—— (groés weight)

Yy = 2 (et weight)

where,
Y: Per'capita.local fish consumptién (kg/year)
Fish landing at MFCA per annum (tons/year)
B: Population of Majuro Atoll (average population in 1978 and 1979}

(person) _
C: Ratio. of fish_landing at MFCA to the total catch in Majﬁro

D: Edible rate

Date source:
A: Unpublished data from MFCA, average quantity of 1978 aﬁd.1979
: _ (see Table 18 ,19)
B: Majuro Development Plan (1981) (calculated by proportlonal
" allotment of the population of Majuro Atoll in 1973 and 1980)
FAQ (quoted by Koshimura and Horibe,'l981).
D: Food Balance Sheet, Japan (1981}

Per capita local fish consumption in Majuro Atoll is estimated as follows:

1,000 x. 154.2

Y1 = 90,400 % 0.65
= 22.8:kg/yéhr in gross weight
1,000 x 154.2 X 0,53
Y?_z

10,400 x 0.65

Il

12.1 kg/year in net weight



Methodology 4. Estimation of Per Capita Canned Fish Consumption

Per-capita canned fish consumption is éstimated by the following formulas

B
CxD

1
X—_.

E
whére,

Per capita canned fish consumption (kg/year)
Amount of imported canned fish, current price in 1978
(US dollar) _ o
B: US dollér exchange rate, average rate_in 1977 (yen/$)
Average unit price of canned fish, current price in 1977
(yen/kg) _ |
D: Consumer price index'(Incréase.rate of retail price in.1978
and 1979) | . _
CxD: Average unit price of canned fish, current price in 1978
) (yen/kg) _
AxB/(CxD): Quantity of imported.canned:ﬁish (kg)
E: Population of the Marshall Islands, average population in
1978 and 1979 |

Data source:

A: Majuro Development Plan, Draft (1981)
Main Economic Indicators (OECD, 1981)

C: Trade Statistics in Japanu(Fisheries) (1978)
Majuro Development Plan, Draft (1981)

E: .Majuro Development Plan, Draft (1981) (calculated by pfopor~
tional allotment of the population of the Marshall Islands
in 1973 and 1980)

Per capita canned fish consumption is estimated as follows:

1 1
320 x 1,095 ~ 29,000

-
]

272,000 x

6.4 kg/year

=79



Methodolbgy 5. Estimation of Per Capita Poultry Consumption

Per'capita poultry consumption is estimated by the following formula:

Yy = A x By L (gross weight)
C D
B 1 -,

Y2 = A X — % —— x K (net weight)

where,

Y: Pér capita poultry éonsumption (kg/year)

Amdunt of imported poultry; current'price_in 1978 (US dollar)

B: Cbnsumér price'indéx (Inerease rate of aﬁerége retail price in
1978 and 1979)
Impérted wnit price, current price in 1979 (US ‘dollar/kg)
D: Pdpulation of the Marshall Islands, average populatioﬁ in 1978
. and 1979 (person)

E: Edible rate _ _ -
B/C: Imported unit price, current price in 1978 (US dollar/kg)

AxB/C: Quantity of imported poultry

Date scurce:

Majure Development Plan,_Draft'(1981)
~ B:  Majuro Develqpmeht Plan, Dréft (1981) -
FAO (1980). International price of deﬁeloping countries’

D: Majuro Development Plan, Draft (1981) (calculéted by propértional
:allotﬁent of tﬁé populétion of the Méfshall Islands in-l973 and
1980) = :

E: TFood Balance Sheet, Japan.(1981)

Per capita poultry consumption is estimated as follows:

1.095 1

Y = 260,000 x 128 X 29,000
= 7.7 kg/year in gross weight
Y = 260,000 x 1-9%3 L__ % 0.77

1,28 * 729,000

= 5.9 kg/year in net weight"



Methodology 6 Estimation of Veloclity of Tidal Current Resulting from
Opening of the Channel :

- According .to the tide table, the height of tide in the lagoon side is higher
than that of the ocean side both at the high tide and low tide. Accordingly,

@ current will be generated from the lagoon side to the ocean when a chanmel

is opened,

It is very.difficu1t to estimate the'velocity of the generated current bhe-—
cause of influence from the wave and channel cross section. However ten-
tatively, we deem that a flow will occur from the lagoon to the ocean upon
setting a supposition that the channel has a uniform cross section having a
certain roughness factor and by disregarding the wave influence. There is
Bress' difference equation for calculation of flow in a uniform cross sec-—
tion, and we use the equation in estimating the current velocity in this

report.

Difference equation:fbr

( an 4+ hacos ¢ +.Zb2) ~-6££Lqr + hicos ¢ + Zb )
. ) : 2gA1 :
L N L
. 2 (Klz + Kz.z)(XE XI)
where, d : Energy compensation factor (= l) related to velocity
distribution
Q : Flow rate

g : Gravity acceleration (9.8 ﬁ/secz)
A : Water cross section
h : Water'depth
Zb: Channel floor height
K.: Water conductivity of channel cross section
K2 = -—%-AzR”/a'(n:.Manning's roughness factor)
-n
The subscripts of 1 and 2 indicate the cross section of

upstream and &OWnstream, respectively,



Channel Cross Section

v—2.00

b  200M

a

Table 22 Maximdm Water Velocity at High Tidal Range

- n=0.05"" xs-x;=45 m

Lagoon side Ocean side

b (m) | 832 398

a (m) 264,32 23.98.

b (m) | 2,16 T 1.9

c (m) 4.83 445

A (n*) : 95.7 87.5 |

WP*fm) _ 2007 . 28.9

R B
= 2 UATRYI | 590t | g 520

Q (m3/sec) _ 288

V  (knot) S 6.1




Table 23 Mean Water Veolocity at High Tidal Range

n=0.05

Lagoon side

Ocean side

Vv  (knot)

h o (m) 3.968° 3.8
a (m) 23{968_ 23.8
b (m) 1.984 1.9
¢ (m) 4,436 4.249
A (m2) 87.2 83.2
W (m) 28,9 28.5
R (m) 3.0 2,9
<= % 1/a2.R/3 7.610' 7% 8,650
Q (m*/sec) 197
4.5

Table 24 Maximum Water Velocity at Low Tidal Range

n=0.05

Lagoon side

Ocean side

h (m) 2.25 1.91

2 (m 22.25 21.91

b (m) 1. 25 - 0.955

¢ (m) 12,516 2.135

A (m?) 47.5 40.0

WP (m) 25.0° 24.3

R {(m) 1.9 1.6
.R%=n2.i/A2.R“/3 4711077 8.3510"7

Q {(m¥/sec) 46

¥V  (knot) | 2.1

X2 ~X1=45 m

Xz2=X3 =230 m




The calculation is méde under idealistic conditions and the maximum'véloﬁity
at highﬁtidal.rangefis 6.1 knots.  Howeve?,_in the actual case, there is“the.
setup of waves from thé=ocean aﬁd.thé cdnéeivable situation is that'eithef '
the difference of tidal heights 18" not much or thé'tidal'height'ét_the ocean
side is higher than that of the lagoon side. Also, most of the fishing boats
are equipped with outboard motor énd can saii‘swiftly,'a-Chrfént of about 6

knots, if it occurs, will not create'a problem.
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JAPANESE SURVEY TEAM

Minutes of Discussions

' In'resPonse"to.the:feoneSt maée by the Government of the Marshall Islands
for a’ conetruction project of the Majuro Fishing Boat Channel at Mejuro Atoll
(hereinafter referred to as "the Project"), the Government of ‘Japan has sent,
through the Japan International Co-operation Agency (hereinafter referred to
as "JICA"), a team headed by Mr. 5. Sakai to conduct a hasic.design‘surVey'
for eighteen (18) days, | from 12 December, 1981. The team had a serles of
'dlscuss1ons and exchanged viewe with the authorities concerned and carried

Tout an_investigatlon-of'the proposed site. -

_As.the result of the study endfdiSCUSSions, both parties have agreed to

recommend to:their respective Governments to examine the resulfs of the survey

attached herew1th towards the realization of the project.
21 Deceniber, 1981

Sader

Sunao Sakai : _ atles'T. Domnick
Team Leader - s _ Chairman
The Japanese Survey Team AR " Marshall Islands Merltime Authority



MINUTES -

1. The objective of the Project is to'orovide e neceseery small fishing boat
channel, a bridge over the chamnel, spprOeeh roads_ano:appurtenant feoilities
and equipment for ease of aeeess‘from Majurostgoon-to the sonthernffishery
grounds for the Mﬂjuro fishermen at: the. proposed site (hereinafter referred to
as "the. Fishing Boat Channel and the Bridge") | |

2. The proposed site of ‘the Project will be located on the Long Island road
approximately 1/4 mile from the Majuro New Port facilities (hereinafter re-.
ferred to as "the Brojeet Site"). | | o

3. The Japanese Survey Team will ‘convey to the Government of Japan the. desire
of the Government of the Marshall Islands that the former take necessary
meesures to cooperate_in 1mp1emen;ing the_Project and prqvide rhe Fishing Boet
Channel and the Bridge:end orher items 1isted in Annei 1 within the'sc0penofh
Japanese economic cooperation in grant.form. |

4. The Government of the Marshail Islands will take the necessary measnres;_in
the event that rhe grant assistance by the Government_of Japan is extended to

the Project to:

a. Provide data and informatlon necessary for- the design and the con-.
struction of the Flshing Boat Channel and the Bridge.

b.. Secure the lands necessary for the construction of the Fishing Boat
Channel and the Bridge. :

c. Clear the Project Site before the start of construction.
d. Provide the other items listed in Annex II.
e. Ensure prompt nnloading and customs clearance in the Marshall Islands

of imported materials and equipment for the construction, and to
facilitate their internal transport.

-=~-/page 2



Page 2
Minutes

£, Exempt any Japanese nationals concerned from customs. duties, internal
taxes and other fiscal levies imposéd in the Marshall Islands for the
Supply of goods and selvices for construction.

8- Provide and accord all necessary permission, 1icenses and other
authorizations deened advisable for earrying out the Project.

h. Bear all the expéuses,'othor ‘than those ‘to be bofne by the Grant,
necessary for the construction of the Fishing Boat Channel and the
Bridge. :
i. Clear the earth moving permit of the Corps of Engineérs, ‘USPOD, and
the environmental permit of the Trust Territory Environmental Pro-
tection Board before the start of construction.
5. The specifications for'the design of the Fishing Boat Chanmel and the Bridge,

including the approach roads, are listed in Amnex III.



ANNEX 1

Items requested by the vaé:nment of the Marshall Islands, the cost of
wﬁiéﬁ will be borne by;theucdvérnmeﬁt:of'Jépan, afefés fdi;oﬁs:
1. A-smallnfishihg boat éhaﬁﬁéi§ :
2. A-btidgé 6¢éf”th¢:Ehanhel;;includiﬁg‘apﬁfbéch roadg'withhﬁaiiings;.
3. Temporary fﬁad_éuringFCOQStructién period;
4. Utilify'aﬁpurtéﬁénces |
af' Lighting:;
b; Traffic Eontrolvdevices
c. Navigation aids
d. Water:éupply mains of ;hg_frojgct-Site;:_
5. Temporafy workzto rémove water-pipés;.

6. Supervising and detailed designing serviées.



ANNEX IIL

_Items,_the cost of-whichiwill be bprhé‘by'thg Government of the Marshall

Islands,

1.

are as follows: ..

Water supply mains to the Prqject Site;
Eléctfical_powéf main'line to- the ?roject-Site;i
Teiéphone lines-and equipment;

Provision of space necessary for such construction as temporary offices,

working area, stock yards, etc. .

5.

Items (1) and (2)'sha11.be completed prior to the start of site work.



ANNEX TIL

Items, the specifications of which will be applied to the design of the
Fishing Boat Channel, the Bridge and the Approach Roads, are as follows
1. Navigation width: 20 0 meters’ .
2, Navigation height'_ 5 0 meters above H.W.L.
_3. 'Depth of the channel. 2 0 meters below L. W L
4. Ncmber of traffic 1anes. two lanes
5. Widths;of'tﬁe bridgecand the road: 8.5 meters (l;OIm._+'6.5 m.'+:1;0'ﬁ.)
6. Desigﬁ spéed of foéd;c'ZS ﬁiles“pcr hcur | . ' |
7. Gradient of the approach roads. 5 percent'
8. Live load: H 20 ™ 18) and HS 20 (MS 18) 1oadings (AASHTO)
_.9. 'Des1gn criteria for bridge and structure
a. AASHTO and/or ASTM or equivalent shall be applled
b. The allowable unit stresses and the standard for constructlon
materials shall be derived by applying the JIS and Design

Specification for Highway Bridge of Japan.

10. Metric system will be acceptable to the design analysis and/or the

drawings.
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