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PREFACE

In response to the request of the Government of the Republic of Palau, the Government
of Japan has decided to conduct a basic design study on the Project for the improvement of the
water supply system in the Koror and Airai areas and entrusted the project for the study to the
Japan International Cooperation Agency (JICA). A study team headed by Minori Sano, Senior
Assistant to the Managing Director of Grant Aid Planning and Survey Department, was sent to
the Republic of Palau by JICA from December 1 to December 25, 1989.

~ The team exchanged views with the officials concerned of the Government of the
Republic of Palau and conducted a field survey in the Koror and Airai areas. After the team
returned to Japan, further studies were made and a draft report was prepared. Then a mission
headed by Yoshiaki Hata, Grant Aid Division, Economic Cooperation Bureau, the Ministry of
Foreign Affairs, was dispatched to the Republic of Palau from April 16 to April 24, 1990 to
discuss grant aid. As a result,-the present report has been prepared.

1 hope that this report will serve for the development of the Project and contribute to the
promotion of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government of
the Republic of Palau for their close cooperation extended to the tear.

May; 1990

Kensuke Yanagiya
President
Japan International Cooperation Agency
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SUMMARY

The metropolitan area of the Republic of Palau (hereinafter referred to as "Palau") is composed
of the district centered around the Airai and Koror areas. Palau became the constitational polity
" in 1981. The Koror and Airai areas have been highly developed as a center for politics, trade
anid tourism during the last several years. The population of these areas have s'hafplylincreased
by the influx of laborers from foreign countries into these areas and tourlst% and by 1986 the
populatlon reached 10,000. '

However, water wasted by defects in the water supply facilities, insufficient maintenance and
operation of these facilities, as well as an inefficient collection system, has led to insufficient
water supply and pressure. Consequently, the water supply is shut off eight hours a day (frotn
21: 00 to 5:00) throughout the year. However, only a small amount of water can be secured to
the residential and commercial areas located in the hlgher areas even when water is qupphed in
the daytime, because of msufflcnent water supply quantity and pressure. Water supply is also
restricted dependmg on the rainfall condition during the dry penods (from February to April,
and from October to December).

The Government of Palau, with U.S. technical cooperation, has formulated the first fiire—ycar

" national detfefopm'ent pIan (1987-1991) to improve the water facilities. The improvement plan
of the water supply system in the Koror and Airai area should raise the national living standard,

‘ promote hyglene, and foster 1ndustry and tourism development. However, the improvement
work has not progressed as plarmed ‘because of the worsening financial situation in Palau.
Technical cooperation from the U.S. for the improvement plan will end in 1990.

Improvement of the water supply facilities in these two areas is a critical priority for the
Government of Palan. And in June, 1988 the Government of Palau made a request to the
Government of Japan for grant aid on the impro'vetﬁént of water supply system with the design
target year set at 2000. . ' |

In response to the request Japan Intematmnal Cooperauon Agency (JICA) conducted a
prellmmary study from September 4- 14, 1989 on the s1gmflcant impact of grant aid program
~ and the contents of the improvement plan And JICA dlspatched a Basic De‘ngn Study Team to
Palau from December 1 - 25, 1989.



In consultation with officials in Palau, the study team conducted a field survey which included
1) a survey of the present water supply con(htlon in the Koror and Airai areas; 2) collection of
relevant data and information on the Five-year National Development Plan and water supply
facilities; 3) observation and evaluatlon of existing water supply facilities;. 4) soil test
excavation along the water supply plpehne route; 5) water quality tests and water pressure
measurements; 6) study on the served areas and population, and the operanon and mamtenance
of the existing facilities; and 7) a study on the local availability of consiruction equipment and
materxals In Japan, the Study Team compiled the optimum basic design plan based on the
results of the above field survey, JICA dispatched the draft final reporting team to Palau from
April 16 to April 24, 1990 to explain the draft final report for improvement of water supply
Systém. |

The sm_'vey= rev.ealéd that, _although the a?érage watcr supply quantity for the pbpulation of
13,600 is 8, 000 fn3/day, the beneficiaﬁes are not constantly supplied with enou gh water due to
the defects in the water supply system. It is concluded that the Project for Improvcmcnt of
Water Supply System (heremafter referred t0 as the Project) is justifiable with dcs1gn target
year set at 2000. The study team formulated the optimum plan necessary for the
implementation of the Project. An outline of the Project is as follows:

1) Raw water pipelines from the intake pump staiion to the Gihmel dam reservoir will

be reinforced.

.2) Since the existing pipelines are used both for water supply and distfibuti_dh to each
_ _hoqsehold, it causes excessive imbalance of the service water pressure and _the water
~supply quantity amoh g the served area. In the Project; :hew_ pipelines only for water

supply use will be laid, and the existing pipelines will be used only for water
distribution, so that water supply quantity and pressure will bejequa]ize_d. _' '

3) Water transfer pump wilt be installed.
- This Project will recufy the defects in the system and actuahze the water supply of 257 -
liter/day through 24 hours for each.inhabitant, though the total water supply quantity will

be dummshed The des1gn cntena and an outlme of the Pro_]ect for Improvement of
‘Water Supply Systcm (by phase) is shown in the following | page

ii .



Design Criteria and Outline of the Project for Improvement of Water Supply

(1) Design Criteria

1) Planned target year
2) Served population

2000
i 10,600

3) Total average water supply quantity

5,300 m® (1.4 mil gallons/day)
257 liters (68 gallons/day)

4) Average waler supply quantity per person

(2) Outline of the Project

4} Other

{DCIP)" {(material of aque- .

duct or pipeline along the
wall fo causeway will be
steel)

Existing pipes installed
along K.B.Bridge (DCIP:
300 mmg x 400 m) will

Construction Phase PHASEI PHASE II PHASE HI Noto
Ttem Area Koror and Airai areas Koror and Airai areas Koror and Airai areas
Water pipelines _
1) Planned length 6.5 km 7.0 km 6.4 km Total
2) Pipe diameter 200 - 300 mm 200 - 400 sam 250 mm length:
3) Pipe material Ductile cast irbﬁ'ﬁi.pc Same as left Same as left i?ﬂout 19.9

Control facilities for
waler tank

be used.

1} Valve fagiliies _ — 3 sets 1 set Total: 4 seis
2) 'Co_'nlrol f-aci!irtiesr — 3 ses 1 set
Water transfer pump
Tfacilites L .
1) Pump facilites — 1 (mulii stage turbine —
pump, 1050 gpm (about
4.0 m3/min) x1)
2) Motor _ 1100 Hpx 1) -
3) Other. - — Removal of the existing _
pump 350 gpm (about 1.3
m3/min)) and replacement
: . work of delivery pipes
Pairiting of Arakabe- ' '
sang tank (inside and L - 1

outside surfaccs)

[T
[
(=




If the Project is implemented under Japan's grant aid program, the main works to be under-
taken by the Government of Palau are as follows:

+ Securing of sites for construction, material stockyard, temporary office, etc.
+ Cleaning of the iject site area

« Installation work of water meters in houses and establishments

The cost to be undertaken by the Government of Palau for each phase is roughly estimated as

follows:
CPhasel © US$36,000
Phase 11 - US$36,000
Phase III US$36,000

The construction work period after signing of the constriiction eonrrect shall be as follows:

P}rase I 10.0 months
Phase 11 9.0 months
Phgase I 8.0 months

The N anonal Planning Council will be respons;ble for the proper 1mplementat10n of the work
to be carried out by the Government of Palau within a prescrlbed date, i.e., securmg of sites
required for all construction work related to the Project, ‘material stock yard, and temporary
office, etc. It will be rmportant to smoothly 1mplement the entire construction werk of the
Project in close communication and consultation between the Palau side and the Japan side. It
is hoped that the implementation of the Pro;ect will achieve 1) the improvement of residents"
darly life and health environment in the Koror and Arrar areas, 2) a stable promotion for city
. planmng, and 3) the construction of industrial and tourism facilities, therefore, contributing to
the expansion of economic actrvmes in Palau, the stabilization and 1mprovement of citizens'
livelihood. After the water is supphed for 24 hours a day and water meters are installed at
every houses and establishments, a wasteful use of water will be avoided. Collectlon of
appropriate water rates will lead to the lrnprovernent of financial condition for water works It
is significant and justlfiable to construct water supply facilities and provide materrals and‘ ;.
equipment for the construction under Japan's grant aid,

iv
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CHAPTER 1 INTRODUCTION

The Koror and Airai areas, under study for the Project for Improvement of Water Supply
System, represent the metropolitan areas of Palau. The Koror arca consists of Koror, Malakal
and Arakabesang islands. Major public facilities such as government buildings, city halls,
schools, hospitals, museums and post office, as well as residences and hotels are concentrated
in Koror area. In the Airai area, located in the south tip of Babelthuap Island, there are
international airport, houses and hotels.

" The Koror and Airai areas are subjected to a rapid increase of population due to natural growth,
the flow of population from the provincial area, the influx of labours from foreign couniries in
conncctioﬁ with the construction of urban facilities, and the increasing number of tourists to
Palau. The population i is cspemally concentrated in the Koror area, the pohuoal and economic
center. About 1,000 houses, two thirds of the estlmated total of 1,400 houses in the Koror and
Airai areas are concentrated in the Koror area. The population, the number of houses and
establishments in the Koror and Airai areas will increase in the future.  Moreover, the
infrastructure of the areas is still considered far from being in a satisfactory condition due to the
shortage of construction funds.

The existing water facilities in the Koror and Airai areas, except for part of pipeline, was
constructed between 1974 and 1990 under the U. S. assistance. However the capacity of those
facilities is not sufficient for the demand of domestic use and industrial dcvclopmcnt for
‘guantity and quality. Further, it is difficult to secure a stable water supply in the narrow land
space of the Koror area under the specific geographic conditions of having no rivers, lakes and
- ponds. - '

~ In the present water supply system, the water of the Edcng and Kmekumcl rivers flowing
through the south part of Babelthuap Island is used as raw water. The water is convcyed
directly to the water treatment plant for purification, or conveyed via the storage TESErvoir.
After purification, the water is supplied to each house and establishment by water transfer
pumps directly.



The extreme shortage of water supply and pressure in the terminal areas of water distribution
and highland areas is caused by the following reasons:

- the defect in the water facilities in which water is supplied from water mains to each house
and establishment by water transfer pump directly. '
- a wasteful use of water due to the insufficient mstallanon of water meters, insufficient

system of maintenance and insufficient system of water charge collection.

As a result, the water supply is normally restricted to 16 hours a day (from 5:00 to 21:00).
Moreover, depending on the rainfall condition during the dry season, severe restrictions are

imposed. For example, the water supply is shut off in the daytime.

- In addition, some degradation and loss of function of water fﬁcilities-are caused by the shortage
of spare parts. Accordingly, an 1mprovement in the water supply system is urgently required.
The PrOJect for 1mprovement of water- supply system in the Koror and Airai areas was
proposed as a first priority under the category of the national prOJccts in the Five-year
Development Plan of Palau. '

Under these circumstances, the Government of Palau has rcqucsted'the Government of Japan
for grant aid for the 1mprovement of water supply system, with the target year set at 2000, for
the purpose of solving the present severe water supply problems in the Koror and Airai areas.
- In response to the request from the Govcrnmcnt of Palau, the Government of Japan sent a
preliminary study team headed by Toru Imamuia Grant Aid Division, Economic Coopemtlon
Bureau; the Ministry of Forelgn Affairs, to the Republic of Palau from Septcmbcr 4 to
September 14, 1989 to confirm the contents of the request and improvement policies.

The study team concluded that the Improvement of water supply system w1th a design tdrget
year set at 2000 would be necessary. The Govemment of Jdpdn has decided to conduct the
basic design study.  Based on this decusmn JICA dlspatchcd a bas1c design study team headed
by Dr. Minori Sano, Grant Aid Planmng and Survcy Departmem to the chubhc of Palan
from December 1 to December 25, 1989 :

This study intended to evaluate the existing water supply systenis, urgency and effects of the
improvement of water supply system of the Koror and Airai areas requested by the

Government of Palau.



In this study, the present-condition survey of water supply, water leakage, and soil test
excavation along the planned route, as well as tests of raw water quality and water supply
pressure were performed. The reason for the insufficient water supply was also investigated.

The study team also had discussions regarding the background of the request of the
Government of Palau and objectives of the Project with officials of Palau.

After returning to Japan, the study team preparcd a draft final report on the basic design study
for the improvement of water supply system in the Koror and Airai areas, after examination of
the present condition of water supply system, water service, operation and maintenance, and
other projects related to this project. After the study team headed by Yoshiaki Hata, Grant Aid
Division, Economic Cooperation Bureau, the Ministry of Foreign Affairs, explained a draft
final report from April 16 to April 24, 1990 to officials concerned of Palau, the study team
prepared this Basic Design Study Report on the Improvement of water supply system in the
Koror and Airai areas.

The basic design study team and the draft final rcporﬁﬁg team, study schedule, list of officials
- concerned of Palau and minutes of discussion are shown in the attached Appendix.






CHAPTERQ BACKGROUND OF THE PROJECT






2-1

CHAPTER 2 BACKGROUND OF THEPROJECT

Outline of Palau

Palau, located in th.e south-west tip of Carolline Islands, about 1,000 km cast off the
coast of the Philippines, lies at 7°30' north latitude and 130°30" east longitude. Palau,

~ well known for its scenic beauty, consists of the central Palau islands and four coral

islands scattering in the south.

Palau's land area encompasses 492 km2. Babelthuap Island (404 km?), in Palau, is the
largest-iéland in Micronesia. Government offices are located in Koror area. Palau
consists of more than 200 islands, of which eight are inhabited with the entire
population. Except for three islands, Palau is located within a simple barrier reef,
which allows for smooth exchanges within the regions and a homogeneous culture.

Palau has been ruled by four foreign countries since the 18th century, so different
nationalities, manners and customs are intermixed in Palau.

Historically, Palau was a Spanish territory from 1885 to 1899 and then became a
German territory from 1899 to 1914, After World War I, it was under Japanese
trusteeship, and the Office of South Pacific of Japan was established. Since 1946, at
the end of the World War 11, it had been under U. S. trusteeship. In 1956 the national
cdn_gﬂ:ss was established under the authority of the United States of America. The

Micronesia Constitutional Establishment Committee was held in 1965, and the

constitution of Palau was appro_‘}ed by the nation in 1980. Palau became a sclf-
governing nation of constitutional polity in January, 1981, but foreign influence has -

been firmly established in the national consciousness.

(1) Socio-economic aspects
Palau's staple products include marine products, woodcraft products.

Palau's Gross Domestic Product (GDP) in 1975, 1977 and 1983 was US$15
million (about ¥2.17 billion), US$17.5 million (about ¥2.52 billion) and US$31.7
million (abom:¥4.58 biliion) reépectively. The annual average rate of GDP
growth was 9.2%. In particular, the annual average rate of growth from 1977 to



€5

1983 was 10.5%. This rapid growth of GDP was caused by the rising prices of

commodities.

Per capita GDP amount in 1983 was US$2,345 (about ¥340,000) per year. But
forclgn-afflhated companies are mostly involved in GDP. In pamcular many
F111p1no seasonal workers have stayed in Palau. Therefore the actual per capita
GDP amount of the niation is US$1,716 (about ¥240,000) per year. The revenue
and expenditure of Palau are US$14.5 million (about ¥2.1 billion) and US$3$26.6
million (about ¥3.84 billion) respectively. A deficit in revenue has been covered

by assistance from the U. S.
Language

The main lém guage spoken :throughout Palau is the Palau language. The pc_oplé on

the islands speak different dialects of the Palau language. Approximately 500

people in the south-west islands speak a language similar to_' the language on Truk
Island. Therefore the constitution of Palau has set both of these languages as the
national language. English is widely spoken in Palan, and the older population

- who were residing during the Japanese trusteeship can speak Japanese.

3

Population -

According. to the latest population census held in 1986 Palau's population,

‘including 2 ,000 Palau nationals living abroad, was about 15, 000. The population
of the Koror and Airai areas was about 9,500 and 1,000, respectively. 70% of
Palau's popu]atmn is found in the Koror and Airai areas. In particular, Koror area
has been developed as' the center for politics, trade and tounsm during the last

several years. The populatxon growth in Koror was high, at 3.5%, while that in
Palan as a whole was 0. 7% This was attributed to the rapld influx of the
population from rural areas and the i mcreasmg number of tourists.
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2-2-1

QOutline of the Related Projects
Outline of the national develiop_ment plan

The Government of Palau has formulated the First Five-year Development Plan (1987-
1991) as a great step for creating a society based self-determination and equality for
achieving the long-term goal of self-reliance.

The national development objectives which provide the basis for this Plan includes the
following:

- lay the foundations for achieving the long-term goal of self-reliance based on a tree
market economy

- develop the full potennal of natural resources through controlled utilization, which
will lead to the expansion of exports to earn foreign exchange and thus meet
increas_ed domestic demands for improved living standards -

- develop, to the maximum extent possible, manpower resources through increased
training programs and new jobs |

- achieve a balanced growth and development among the States, as well as income
generating opportunities for the population

- protect the environment and preserve the cultural hemage of counUy

The Government of Palau divided the first Five-year Development Plan into four
sectors; economic development, infrastructure, social and government, to formulate the
national development plan.

Developmem budgetary allocauon/requlrements by sector are shown in Table 2-1. The
allocatlons and requirements by sector of development expenditure show that the
existing infrastructure, including transportation, energy, water and sewerage, account
for the largest share of expendiiure (63.8%‘ of the total planned development
expenditure during the Plan period). Improvement of the infrastructure is heavily
weighted in the First Five-year Development Plan.



Table 2-1 Development Budgetary Allocations/Requirements by Sector, FY1987-FY 1991

. (Units: US$1,000)

SECTORS 1987 | 1988 | 1989 | 1990 | 1991 | Total Percent
ECONOMIC SECTORS 2246] 2038] 1618| 1368| 1573| 8843 93
— Manpower Devclopment 0 - - - - 30 -
— Agriculture 604] 461] 136| 156] 86| 1443| 15
— Marine Resources 640] 590|345 301 105 1710 1.8
— Mineral Resources 125 s0| s0{ 50| s0f 325/ 03
- Tourism 327 187 187| 132| 132 965 1.0
~ Industry and Commerce 20| - N - ~ 20) -
_Banking 500! -750]  900| 1000} 1200] 4350] 4.6
INFRASTRUCTURE SECTORS| 11337| 9070 13500| 12668{ 13865| 60440] 63.8
- Transporiation - 3979 1000|3250 5020 6450| 19695| 20.8
- Telecommunication & Postal | 562) 1645| 250 398} 165 3020] 3.2
~ Energy S 1630| 1625 3000| 4500] 5500| 16255 17.2
- Water and Sewer | 4600| 3800| 3800| 2050| 1050] 15300] 16.1
- Governmen{ FacilitiesfHousing 550 1000 3200 700 7001 6150 ‘. 6.5
ﬁEnvironm./qululion Control 20 - - - — 2ﬁ —
SOCIAL SECTORS 6719|_6705| 6216|1780 iss1| 23271 24.6

|- Health Services 5375 5365| 4864| 359| - 359| 16320| 172
~ Education _ 1223] 1296] 1305| 1374| 1ad4| 6642| 7.0

1= Youth & Community Develop. 200 - S I - 20| - -
— Cultural Affairs 101 46l a7) 47| 48| 289| 03
GOVERNMENTSECTOR | 1s42 s20| 120] - | - |- 2128 23
~public Safety . o) - - | - |- || 13
_ Legal and Judicial Service | - | 3000 -~ | — | — | 300 03
— Civil Service _ as| - | -1 - _. - | 45 o
- Other Government Services | 300 220] 120] - | - | e40] 07
Toal | 21,844/18,333|21,454! 15,816]17.289 94,736 | 100

(Source: The Fi\}é-year Development Plan of Palau)



The national development plan by sector as shown in Table 2-1 is summarized below:
(1) Economic development

- Agricultural development
US$1.44 million (about ¥208 million) is allocated to agriculture development to
develop farms, train agricultural workers and supply food.

- Marine resources development
The Governmienit is paying particular attention to the marine resources
development. - The marine resources development budget accounts for 19.3% of
the total_cxpendituré for economic development sectors. 1J§$1.71 million
(¥250 rﬁillion)' is allocated to this marine resources development. The
Government plans to educate personnel engaged in deep sea development and
marine producf industries.

- Mineral resources development
Although the development of mineral resources is limited, the Government is
attempiing to establish working regulations for private sector ermployees who
can collect phosphatic mineral and bauxite, prombtc assistance to landowners

and foreign-affiliated compani'es and introduce new technologies.

- Banking _
The Government policy favors banks which finance the development of
domestic industries, including, agriculture, industry, fishery, and tourism.

- _Industry, commerce, and community development
At pr’esent,'the profitability of industry and commerce is unclear because of the
small scale. Howevef, the Government has set up policy to educate those who
are engaged in particular businesses and encourages the advanced training and
education for self-reliance.

(2) Infrastructure sectors

- Transportation _ _
The budget for roads (US$20.8 million (¥2.89 billion)) accounts for the largest
~ expenditure (3_2.6%) for the infrastructure sectors. Road improvement is given
high priority. Th_é bu'dget for road improvements has increased year 1o year.
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The Government plan's_ to improve the mooring facilities for marine transport at
islands other than Koror Island.

- Telecommunication
The budget for telephones accounts for only 5% of the total cxpenditure in the
infrastructure sectors, but the Government plans to promote a more

~ sophisticated telecommunication system.

- Energy
The budget for energy (US$16 3 million (about ¥2.35 bilhon)) accounts for
26.9% of the total expenditure for the infrastructure sectors . This budget has
increased annually. The improvement of transmission lines in Babelthuap

Island, under fapan's grant aid, is one of the major projects in this area.

- Water and sewer
The budget for water and sewérage projects (US$15.3 million (about
¥2.21 billion)) accounts for 25.3% of the total expenditure for infrastructure
sectors. - This project will improve the existing water supply and sewer fé_(_:ilitiﬁs |
in the Koror and Airai arcas and rural areas. The breakdown of the p:lannéd
development ailocations for water and sewerage is shown in the following
table.

| Year-to-year allocations planned for water supply facilities improv.ement projects in
the Koror and Airai areas have declined from a high share in 1987, because of the
* water projects in rural areas and Maiakal/Arakabesang sewcrage treatment prOJects
~ implemented between 1987 and 1989, Loss of water from wasteful use, bad water
quality of Airai water treatment plant and 1nsuff1c13nt storage capacity of Glhmel.
dam (raw water storage reservoir for the Koror and Airai areas) are pointed out in
the Five-year Development Plan. - -
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Planned Development Allocations for Water and Sewer, FY1987-FY 1991

{Units: US$1,000)

Project 1987 | 1988 | 1989 | 1990 | 1991 | Total

WTP Modification - - - | 450 450 900

{ Koror/Airai Well Development 300 - .| - - | - 1 300
Koror/Airai Water System Modif1_ | 2001 - | - | - | - | 200

Koror/Airai Water System Modif 11 300 | 300 - - - | 600

Rural Water System Project 1 2000 [ 1000 - - - 3000_

Malakal STP Expansicn - 1000 | 2000 1 1000 - 4000

Project 1 : 1500 | 1000 | - - - | 2500

Arakabésang Sewer Project 11 - - 1 1000| - -1 1000

‘House Sewer Connection I 200 1 200 - - - 400
Houée Sewer Cor_mécﬁon‘ I - - 5001 300| 300 1100

Ovitdoor Sanitary Facilities Project | 100 - | - - L - | 100

Rural Saritation Project - | 300] 300| 300| 300| 1200

Sanitary Landfill (Modif & Expan) | 30| 35| 40| 45| 50| 200

Total 4630 | 3835 | 3840 | 2095 | 1100 | 15500

(Source: the Five-year Development Plan of Palaw)

- Government facilities/housing . _
The Government allocated US$$6.15 million (about ¥890 million) for setting up
a new capital in the 1989 budget and started a full-scale study. The Ministry of
Housing has started to provide low-interest loans to finance housing for low-
income earners.

- Environment/pollution control
The Government plans to establish the Bureau of Environmental Preservation
for protecting the environment and monitoring pollution, in cooperation with the
Bureau of Public works which is responsible for sewer systems.

3 Social sectors
- Health services
The health services account for the largest budget allocation with a total of

US$16.32 million (about ¥2.36 billion) or 70.1% of the total expenditures for
the social sectors, of which US$14.5 million (about ¥2.1 billion) is allocated
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2-2-2

2-2-3

for the establishment of a new hospital during the next three years. After the
establishment of the new hospital, the Government will continue to study

methods for improving health services in rural areas.

- Education -
The highest priority is given to the upgrading of schools in each state during the

next three years.
Development project of rural area

The Government is planning a rural water project to develop thc water system for ail
areas outside of the Koror and Airai areas, especiallyi Babelthuap, Pelellu, Kayangel
and the south-west islands. The popﬁlation in these rural areas is aboilt 5,000 which
represents about 33% of the total :pbpulation in Palau. This deve'lopment project will
improve the health of residents and local sanitation, as well as d_éi}elop the rural

economy.
Development project of the Koror and Airai areas

The Government is planning the large-scale developing of housings and hotéls in the
Koror and Airai areas, based on the Iongéterm national plan (5 - 15 years from now.)
The Government has already secured some land for developing, including land in
Koror Island near K. B. Bridge and Arakabesang Island. Therefore the development
project for hotels should proceed in the fu:turc. o
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Existing Water Facilities and Water Projects
Existing Water Facilities and Related Problems
Outline of existing facilities

The water supply facilitics for Koror and Airai areas, except for a 1.5 km length of
pipe laid during the Japanese trusteeship, was constructed between 1974 and 1984
with U.S. assistance. New construction and further improvements were also
undertaken between 1989 and 1990 with U.S. assistance. |

The existing water facilities, including intake facilities, raw water storage reservoir
(Gihmel Dam), water treatment plant, transfer pump station, pipelines, water tanks
and water di_stribution facilities, are outlined below. Refer to Table 2-2 and Figure 2-
1 for further details.

- Raw water is supplied to the water fredtment plant, by three submerged pumps (150

~ HP), installed at the intake pump station, via a 300-mm diameter asbestos cement

pipeline. The intake pump station is located at the junction of Edeng River and
Kmekumel River in the Airai area of Babelthuap Island. The water from the intake
pump station can also be supplied to the raw water reservoir, Gihmel Dam, by
operating the diverting valves on the asbestos-cement pipeline. Another 400-mm ‘
diameter asbestos cement pipélinc, has been constructed from the higher elevation
Gihmel Dam to the water treatment plant by gravitational flow. When Gihmel Dam

- reaches capacity duririg the rainy season, a 400-mm pipeline is used to supply raw

water to the water treatment plant. In the dry season, raw water is supplied directly
from the intake purnp station to the water treatment plant by a 300-mm pipeline.

After reatment through 4 filters, raw water-is supplied to the Koror and Airai areas by
four transfer pumps, two rated at 1.3 m3/ minute and two at 4.0 m?/ minute.
Originally, it was designed for water to be stored in two 3,800 m? and two 1,900 m3

- capacity tanks in the Koror area, and in a 3,800 m3 tank in the Airai area, and then

 supplied to individual users.

Although the system is uncomplicated, the existing facilities are not fully utilized
because of the problems outlined below.

oo Water p’ur_i]pcd directly from the water main to consumers

- Low water pressure
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- Insufficient management and maintenance
- Insufficient billing and collection system
- Waste by individual houses and establishments

2-3-1-2 Improvement projects to date
Improvement projects for the existing water facilities to date are summarized below.
(1) 1976 - 1980 imnprovement projects

1) Installation of three automatic valveless gravity sand filters at the water
~ treatment plant '
2)  Construction of water pipelines
- From water treatment plant to Airai tank
- From water treatrment plant to Ngerkesoal and Ngermid tanks
- From the above tanks to the entrance of the pipeline constructed around
1940
- From the end of the above pipeline to Arakabesang and Malakal tanks
3) Installation of the following water tanks
- Airai tank
- Ngerkesoal tank
- Ngermid tank
- Arakabesang tank
- Malakal tank

(2) 1983 - 1984 imp'rovement projects

- Constructxon of intake pump station . _
- Construction of raw water pipeline (300 mm diameter) from mtakc pump

~station to Gihmel dam
- Construction of raw water pipeline (400 mm diameter) from Glhmel dam to

the water treatment plant
(3) 1989 - _1"9_90 improvement projects

- Installation of one additional intake pump, _capacity 5.3_m3/rhi11ute (1,400
gpm) | |
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- Reinforcement of electrical transmission line to intake pump station

- Repairs of pipes at Gihmel Dam

- Installation of one additional automatic valveless gravity sand filter, capacity
2.65 m3/minute (700 gpm) | |

- Construction of water pipeline for Ngesaol and Edeng areas

2-3-1-3 Future Irnptovement Plan

Future plans_. for the improvement of the water supply system based on the Five-year
Development plan are described below.,

(1) The Goverﬁ_rrient of Palau's request for J apan's grant aid to improve the water
supply system of Palau (hereinafter referred to as the project)

(2) Future conceptioﬁ . _
The following are under consideration for the future

- . Removal of the accumulated soil from the Gihmel dam reservoir and increase
the capacity of the reservoir' ' _

- Installation of a pre—treatment facility such as a clarifier to improve the quality
of supplied water '

2-3-1-4 Problems of Bxisting Facilities

. (1) Inmtake facilities .
 Intake facilities include diversion weir, intake pumps and raw water pipeline. The
_existing problems for each facility are listed below.

1) Diversion weir
The diversion weir can intake water from the Edeng River and Kmekumel
River. The diversion weir, constructed of stone (2 m high by 10 m long)
was built in 1989, 40 meters downstream from where the two rivers merge
‘to_.increése the amount of raw water intake. There are no problems either in
‘the scale or functioning of the diversion weir.

2) Intake pump station’
The intake pump station was constructed between 1983 and 1984, 300 m
upstream from where the Edeng and Kmekumel Rivers merge on the Edeng
River side. One additional intake ptimp was installed in January, 1990 to
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increase the capacity of the raw water intake. However, the following

problems exist at the facility.

River discharge

The daily average discharge at the 1ntake pump station of the Edeng and
Kmekumel Rivers was measured and found to be 65 times greater than
the target year plan of 5,300 m3 (approximately 1.4 million gallons) per
day water supply, according to discharge statistics from the past 8 to 14
years, Even with flow fluctuations, the river flow amount Seems more
than adequate. However, in 1983 an unusual situation oceurred where
the maximum discharge was only 60 % of the planned water supply
quantity. If this unusual situation reoccurs, there is a p0551b111ty that the
planned water supply quannty can not be drawn from Edeng and
Kmekumel Rivers for a short period of time.

The avei'ageidischarge from the rivers at the i'nt:ak_c pump station is
estimated at 99,600 m3 (26 million gallons) a day, acéording to actual
discharge survey data collected by the US. for 14 years at Edeng River
and 8 years at Kmekumel River.

Edeng River Average Discharge ,
Q1 = - 317 fi3/second x 60 x 60 x 24
2,739,000 f13

= 77,600 m3 (20.5 million gailons)/day
Kmekumel River Average Discharge
QR = 8.96 fi3/second x 60 x 60 x 24

= 774,000 fi3 -

= 22,000 m?3 (5.8 million gallons)/day

Average discharge =Q0=Q1 + Q2 = 9_9,_6_{)0_ m3 (26 million galloné)/day

The minimum discharge of these Tivers is cstimated at 3,130 m3(0.83
million gallons)/day, according to the above discharge observation data.

Minimum discharge of Edeng River during Aprll 15- 17, 1983, according to

- discharge data of 14 years
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1.1 ft3/second x 60 x 60 x 24
= 95,000 ft3
2,690 m3 (0.7 million gallons)/day

Qr

i

Kmekumel River's minimum discharge during April 14 - 17, 1983,
according to five-year discharge data -
Q2 0.18 ft3/second x 60 x 60 x 24
15,500 ft3 -
440 m3 ( 120,000 galions)/day

i

i

Minimum discharge = Q0' = Q1" + Q2' = 3,130 m3 (830,000 gallons)/day
b. Intake pump

- An additional pump, capacity 5.3 m3 (1,400 gallons)/ minute, was
installed in January, 1990, bringing the total to three pumps, which
can intake the quantity of raw water necessary to meet the target
year's water supply.

- The electrical ‘power for the intake pump station is supplied by
overhead electrical transmission lines, which run 20 km through
dense jungle and hill areas. When these transmission lines were cut
by trees that fell during strong winds, 20 to 30 hours were required

for power restoration.

c¢. Raw water pipeline
At the intake pump station site, the daily average discharge is 65 times
the planned supply. However, the existing water pipelines are mainly
used to supply raw water from the intake pump station directly to the
water treatment plant. There is no pipeline to supply raw water from the
intake pump station to the reservoir, Gihmel Dam, so the water 18
- wasted as discharge. |

(2) Raw water reservoir (Gihmel Dam)

1) Water from Gihmel, Edeng and Kmekumel rivers is stored at Gihmel
- Dam, a gravity-typé concrete dam. The planned water storage capacity
of 94,6000 m3 (25,000,000 gallons) decreased to 75,000 m3
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2)

3)

(20,000,000 galions) because of accumulated soil and damage to a
rubber dam.

A rubber dam (height 60 cm, length 15;_2 m), was constracted at the top
part of the tailrace in 1969 to increase the reservoir potential of Gihmel
Dam, but was removed after it was damaged.

Various water sources are necessary to secure a sufficient water supply.
U.S. assistance project was extended in 1989 - 1990 to secure a stable
water supply from groundwater. Three wells, capable of 0.23 m3 (60
gallons)/ minute, were dug at the Gihmel dam site.

(3) Water treatment plant and water transfer equipment

1)

2)

3)

At the water treatment plant, four automatic valveless gravity filters have
been installed. The filters should not be a problem because they require
minimal electrf.city, are simply constructed, function well and are easily

operated and maintained.

Since there is no pre-treatment facility, such as a settling basin, water is
sent directly from the intake pump to the filters. Particularly during the

~ rainy season, the water combines with silt from the Edeng and
~ Kmekumel river beds and becomes muddy. When water is sent directly

from the intake pump to the filters, the filters frequently clog with soil.
The filters must be cleaned 'by -backwashing with much water,
consequently the water supply_ drops. In the dry season, filters are
backwashed once or twice a day for five minu_tcs; so the water wasted

-through discharge is small.

Inadequate Water Storage Reservoir

The reservoir which stores water for the transfer pump has a capacity of

- only 300 m3, so it cannot function as a storage reservoir, 1ead'ing to the

problems listed below.

- ‘The amount of suppl:ied'water is limited fo _th_e capacity of the filter.
- Adecline in ﬁltgring_capacity leadsto a drop in the water supply.
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4)

3)

- Supplying water to meet morning and evening peak water usage is
difficult.

The fil;er‘s' treatment capacity is 2.65 m3/ minute (700 gallons/ minute)
f{_)r each of four machines. But, for the reasons stated above, they are
only functioning at 70% of its designed capacity. At present, American
filter sand is used. Filter sand cannot be supplied domestically since
Palau Island is largely formed of laterite, aged and weathered basalt.
Co_nseque_:htly, filltcr sand is not sufficiently replaced because of a
shortage in maintenance funds.

The four existing water transfer pumps, two large (4.0 m3 (1,050

gallons) / minute) and two small (1.3 m? (350 gallons)/ minute) have the

following problems.

- The functioning of thc two small pumps has decreased because of
deterioration and abrasion from continuous operation.

- Since the total head and capacity for the large and small pumps

 differ, standard operation of the pumps is difficult.

- The actual capacity of the pumps is reduced because of a lack of
spare parts and maintenance tools. Damaged water meters are left
unattended and water supply data is incomplete.

- Since thc water transfer pump has no automatic control function, so

. it must be operatcd manually over three shifts for continuous 24-
hour service.
- Smce a daily operations record is kept by opcratmg personnel,
water supply quantity can be estimated from the discharge pressure
of tlic pump and summarized as follows. The discharge pressure
of the pump is rated at 125 psi; but operates from 100 psi during
the day time to 145 psi at night.

a) From 9 p.m.to 5am,
operating pumps: two 1.3 m%/ minute, two 4.0 m/ minute

b) From 5am. to9 p.m,
_operating pumps: two 1.3 m3/ minute, one 4.0 m?/ minute
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4 Water transfer-distribution pipelines

1) Water is transferred and distributed by one pipeline, The capacity of the
booster pump for the water tank is insufficient, leading to the problems
described below.

- In the served area near the treatment plant, the water supply and
water pressure are sufficient, However, since water is freely used
by the residents and establishments of the served area near the
treatment plant it has caused an imbalance leading to extreme
shortages of water supply and pressure insufficiencies for areas
distant from the treatment plant

- Water cannot be stofed at Malakal and Arakabesang tanks, located
at the edge of the served area, because of the insufficiency in
supply and pressure.

- The water supply and distribution pipeline valve for the Airai area,
located in the center of the served area, is closed between 9 p.m.
and § a.m. During the susp'en'si'on,_ water is transferred to
Ngerkesoal and Ngermid -tan'ks:'to meet the peak morning water
use. However, since the capacny of the booster pump for Ngermid
tank is insufficient, water is supplied to N gerkesoal at 50%, and to
Ngerrmd at 15% of their respective capacmes “Thus water supply
for the morning peak demand is insufficient.

An anticipated'increasc in fljtui'e'éonstruction: of public.facilities and housing
in the upstream area will aggravate the already imbalanced water supply
condition, - '
(5) Waiter Tank
1) Water tank operation
B Althbuéh five Watc'r‘t'anks'_ for diét'ributing water were originail} planned

 for water distribution, only Ngermid and Ngerkesoal tanks are partially
functioning, and the other three tanks are not functioning.
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a)

b)

Arakabesang tank _
This tank has not been able to store water since its construction due
to-insufficient water pressure.

Malakal tank

‘Since the water supply quantity and pressure is insufficient, this tank

has never stored water at the water supply facilities. There isa
nearby concrete tank constructed during the Japanese trusteeship,
which temporarily stored water from the mountain riverbed, and
water was transferred from this concrete tank to Malakal tank.

- However, this facility has deteriorated so it can no longer be utilized.

c)

- d)

Since the Malakal tank valve has been closed, water remains in the
tank. '

Ngerkesoal tank .

Water is transferred to the Ngerkesoal tank by suspending water
supply to residents in the Koror Island urban arca, Arakabesang,
Malakal Islands and Airai area from 9 p.m. to 5 a.m. However, the
tank is filled onty to half of its capacity.

Ngermid tank

-As in above, water is transferred to Ngermid tank between 9 p.m.

and 5 a.m. However, since the tank is about 80 meters above sea

‘level, the water transfer pump pressure is insufficient, so a booster

pump is used to send water. However, since the capacity of the '
booster pump is relatively smaller than that of the tank, water is
stored at only 15% of the tank's capacity.

Airai tank

Becaus_e' the tank is near the water treatment plant, water supply
pressure is high and for a short time the tank is filled. However, the
tank valve remains closed for the following reasons, and the tank

. cannot be used. -

- - Generally, the inlet valve to the tank is automatically opened and

. closed according to'the water level in the tank. However, the
Airai tank valve is manually operated so it continuously supplies
water even when it is full, leading to overflow.
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- The valve needs to be opened and closed manually, according to
the water level of the tank. It is very difficult to operate the valve
everyday, so the valve for the Airai tank remains closed.

2) Condition of Water Tanks

All the tanks are made of steel. The steel plate and anchor bolts have not
been damaged. However, since construction (1974 - 1975) touch- -up
painting for the inside and outside has not been done, so spot corrosion
is evident on the surface. Furthermore, a 2 meter-stretch from the
ground and along the edge of the roof has shown some damage. If it is
left as it is, corrosion on the outside will progress rapidly. To prevent
corrosion and maintain Arakabesang tank as a safe tank for high water
quality, it is necessary to repaint. The interior of the tank needs to be
repainted before storing water to prevent corrosion and maintain
Arakabesang tank as a safe tank for hlgh water quality. Since the area
around the tank is profuse with weeds and trees, it needs to be cleared
and maintained to prevent damage and maintain safety..

3) Condition of Tank Valve . B _
The sluice valve in the distribution 'pipaline to the five water tanks is the
same kind of manually operated device as found. at the Airai tank. To
improve the: water supply system it is necessary to change to an
- automatic valve, which opcns and shuts according to the water level.

Condition of Water Supply Prcssure
Water prcssuré has been measured at 22-poir1ts along the water pipelines

between the treatment plant to the edge of the served area. The measurement
locations and results are contained in the appendix, "Field Report”, Table

. AN-1 and Figure AN-3 (1/2), (2/2). ‘The maximum water pressure near the
water trcatmeht- plant is about 7.0 kg/cm? (100 psi). However, at the

minimum pressure, no water flows to the highiand area of Koror Island.
This water pressure imbalance is caused by the defectlvc water supply
system which allows water to be taken from the upstream area and waier
waste. In addmon the water pressure is 1nsufﬁc1ent for the difference in
ground elcvanon. For these reasons, a drop in the water pressure occurs in
areas far from the water treatmeht plant. . Thus, water cannot be stored at the
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(8

- water tanks, and the water supply condition on Arakabesang and Malakal

Islands is poor.
Condition of Water Supply Quantity

Since the actual water supply quantity cannot be directly measured, the water
transfer pump discharge pressure and pump operation data is taken from the
daily operation record of the water treatment plant, and data from two flow
meters on the Airai side of the K.B. Bridge are used to estimate the water
supply quantity at the water treatment plant in the Airai area. From this data,
the amount of supplied water fluctuates betwéen_4,500 m3 (1.2 million
gallons) to 8,300 m? (2.2 million gallons)/day, according to the filtering
capaciiy, (number of machines in operation, time) water transfer pump |
capacity and the number of times the filter is backwashed.

Water Leak Condition

Inspection for leakage has been carried out along the water pipelines from the
water treatment plant to the edge of the served area. For the reasons
described below, leakage is minimal,

1) The exist_ing water pipelines in Koror Iéland, except for a 1.5 km
pipeline constructed during Japanese trusteeship in 1940, was
constructed between 1974 and 1930 and are not thought to have worn
out or been damaged. Construction periods for the existing water

~ pipelines are shown in Figures 2-2 and 2-3.

2) Sections of the pipeline constructed during the Japanese trus‘fecship
- were removed and abandoned in a field in the K.B. bridge area. After
inspection, they do not appear to have been worn out or damaged at all.

3)  Since the so'ill'quaiity of the project site area is clay-like, permeability is

. low. If a leak were to occur, water would normally come to the ground

or road surface. '.Howe\'/er, in this area, there is no evidence of leakage
points on the road or slope.

- 4) - A geological survey conducted along the existing water pipeline, with

test holes at 21 sites revealed no leakage.
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3)

6)

7)

8)

%N

10)

The leakage condition for the pipeline, which links each island in the
Causeway area, was examined at low tide when the entire foundation

was visible, but no leakage was found.

Since construction, there have only been six minor leaks from 1980 to
1987, all of which were repaired soon after detection. The source of the
leak are shown in Figure 2-4.

Only minor damage to the rubber connecting hoses of the distribution
branch pipes to individual houses and businesses was found, and
leakage was minimal.

The Bureau of Public Works repairs leaks soon after detection.

Each household has a small water tank installed, and during water
supply time, water is stored for personal use. . Since water is not being

-supplied continuously, it is troublesome to open and close the valve, so

the valve is left open and the water tank eventually overflows. Palau is
trying to prevent such waste, but has yet to find an effective solution.

Leakage can be measured by existing flow meters installed in the water
pipelines. An investigation using the two methods described below
found almost no leakage. Locations of the ex'isting flow water meters
are shown in Figure 2-5 and Figure 2-6.

a) Comparison of metered flows of both sides of the K.B. Bridge

To detect possible water leakage in- the pipelines, actual

measurements of flow meters installed on both sides of the K.B.

Bridge were taken at 9 a.m., when water transfer to Ngermid and

Ngerkesoal tanks begins, and at’s a.m., at the completion of the
~water transfer. The average difference of this data for 8 hours is 85

m3 (22,500 gallons), approximately 3% of the water transferred.
- Refer to Figure 2-3 for details. :

Since water in this area is ut_ilized for di_fferént purposes including,
- residential, business; industrial an:d= agricultural, different quantities
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of water need to be supplied to the consumers. There is little
leakage in this area. The actual amount of water supplied can not
be measured at homes and businesses without flow meters.

b) Comparison of metered flows and the water stored at Ngermid and
Ngerkesoal tanks

The actual measurements of flow meter (Inabo flow meter) installed
on Koror side of the K.B. Bridge were taken at 9 a.m. and at 5 a.m
to detect possible water leakage in the pipelines. The average
difference of the measurements of flow meter and the water
'quantities stored at Ngermid and Ngerkesoal tanks for 8 hours is 33
m? (3,90{) galions). Refer to Figure 2-4 for details.

Since there are about 30 residences, businesses and farms in this
area, different quantities of water needs to be supplied to these
consumers. There is very little leakage evident. The actual amount
of water supplied can not be measured for consumers without flow
meters.

(9) Condition of Waier Quality
| 1) Water quality testing standards

Raw water is suppli‘ed from the'Edeng and Kmekumel Rivers. There
are few people in these river basins, and during the dry season, the
water is clear and the water quality is good. However, the water
quality _détcfiorates when laterite soil enters the water during the rainy
season. The water supply facility is not adequately supervised. After
filtering, a gr'avitatio'nlal infuse of hypochlorite disinfects the water.
However, the quality of the water is not fully conirolled.

A widé sampling of raw water, filtered water and water supplied to

" households (12 san"niplé's) was gathered just before returning to Japan
for 'thcltcst:ing of quality in accordance to Japanese water quality
standards, as specified in the Waterworks Law of Japan. Sampling
sites for testing are shown in Figure 2-7.
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2) On-site testing results of raw and water quality

Elcctric conductivity (EC) was measured by a simplé electric
conductivity meter to determine the salt concentration and contents of
organic matter. The water quality was determined to be good because
the measurement values were small and of little variance. The sampling
locations, test purpose and electric conductivity data are listed below.

Samplifig gite Test purpose EC value
Junction of Edeng and Kmekumel Rivers: | Intake site water quality 84 psfem
1 sample S )
‘Gihmel Dam (Storage reservoir). Storage reservoir water quality 96 psfem
1 sample . :
Existing treatment plant: Existing treatment plant 85 psfcm
1 _s_ample _ ' purification capacity :
Households: - : Existing water supply Systém' 90 - 100 ps/ecm
9 samples . L water quality™ :

*including whether groundwater or dirty water has entered the pipeline
3) Results of raw and processed water quality testing conducted in Japan
The same samplings described above were also tested in japan. |

Common germs and colon bacillus were detected in the raw and filtered
water samplings, but were not detected in the chlorinated water.

Some metal cohtents 'w_er_e detected in the raw and filtered water
because the existing water treatment plant is inSuffiqient. Iron (0.38
mg/l) and zinc (OOS mg/l) were present in the filtered water. The water
tasted a_nd_smelled_ of iron because iron 1s presérit in the laterite of the
intake river area. A pre-.t'reétmcnt:faci_lity_, stich as a clarifier should be
installed at the water treatment facility, since these microscopic metal
bits can pass through the filter. A chlorination device, which can
automatically infuse a Chlo_rine.pfdportionally'to the water level, should

also be installed. '
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(10) Condition of instatled water meters

Although water is distributed to 2,054 locations, functioning water meters

are ohly installed at 50% (1,037) of the these location's, as shown below.

Since the number of installed meters is insufficient, the wasting of water by

households and establishments is neither supervised nor prevented, and

water cannot be billed according to use. Furthermore, the inhabitants do not

understand the need for water conservation. These factors have led to an

insufficient water supply for the Koror Island urban district hills,
Arakabesang and Malakal islands.

Water supply consumers and installed water meters

Amea No, of water No. of installed | Unmetered water
service consumers water melers supply*
Koror area 1,754 1,037 717
- Airai area 300 0 300
Total 2,054 1,037 1,017
*This figure includes installed but (Source: Burean of Public Works)
darmaged meters

-(11) Condition of administration and maintenance

1)

2)

.- Water meter charge:

Insufficient water meters
As explained in (10), functioning water meters are not installed at all
houses and businesses.

Deficiencies in billing systeni

Since functioning water meters are only installed at 50% of homes and
bu:.sine:ése‘s,'a bil]ing systerﬁ for collecting the charges from consumers
based on the amount of water used has not been organized. The present
water billing system is as follows.

$5.00/month
$0.50/1,000 gallons

- Basic charge:

The inspection of water meters and collection of payment are under the
jurisdiction of the utility collection agency in the Ministry of
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3)

s

Administration, However, the rate of collected charges is only 54% of
total water usage. . Only payment for the basic charge, and not for the
corresponding use of water, can be collected from: homes and
businesses where no meter is installed. The total amount of charges
collected in the most recent three years, is shown below. If bill
collection based on water usage was c'or'nplete, the National Treasury
would expect an annual revenue of $300,000.. However, at present
annual revenue is $110,000.

Results of water payment collection

(Unit: US$)
1987 1988 1989
Basic charge payment collection | 22,205 21790 | 236315
Meter charge payrném collection 88,611 98,581 1 82,609
Total: | 110816 . | 120381 | 108924

(Source: Bureau of Public Works)

‘Wasted water

When water supply is avaﬂable in the daynme individual households
and businesses store water in personal tanks, so these tank valves are
usnally kept open and the tanks overflow, Ieadmg to a waste of water.
In the evening, ‘when water supply is normally suspended, each
household and business use water which has been stored in the tanks.

“The detection and prevention of wasted water by_r’nonitoﬁng.ihdividuals

known to waste water, conservation campaign and education activities
have proven ineffective.

No vehicle is available for the inspection, maintenance and repairs of the
water facilities, or the monitoring and education to prevent water waste.
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Table 2-2 Summary of Existing Water Facilities

. Equipment Quanltity Measure
(1) Intake facilities Average flow: 99,600 m3
(26 million gallons)/day
Raw water intake 3 Pufhp capacity: 5.3 m3
pump (1,400 gallons)/minute
Motor: 150 HP
(one standby maching)
Raw water pipe 5,100 m Pipe diameter: 30 cm
belween intake and (12-inch) asbestos cement pipe
Gihimel Dam
(2) Raw Watcr - ] Gravity Dam i Planned storage capacity:
storage. : 94,600 m3 (25 million gallons)
reservorr Present storage capacity:
(Gihmel Dam) 75,700 m3 (20 million gallons)
Raw waté_r pipe 1,800 m Pipe diameter: 40 cm
between Gihmel (16-inch asbestos cement pipe)
Dam and water 1,800 m Pipe diameter: 30 cm
treatment plant {12-inch asbestos cement pipe)
(3) Water treat- Filter 4 Diameter: 6 m (20 feet)
ment plant : Type: automatic valveless gravity filter
: Capacity: 2.65 m3
(700 galions)/minuie
Filter supply 3 Pump capacity: 2.65 m3
pump (700 gallons)/minute
: Motor: 15 HP
Generator 2 Rated output: 300 kVA
Water transfer 2 Pump capacily: 1.3 m3
pump (350 galions)/minute
: Motor: 40 HP
2 Pump capacity: 4.0 m3 minute
(1,050 gallons)/minute
Motor: 100 HP
(4) Water transfer | Between water 1,800 m Pi;ﬁe diameter: 20’ cm
pipe ireatment plant and {8-inch) asbestos cement pipe
Airai tank
| Béiween water 6,700 m Pipe diameter: 20 cm
treatment plant and {(8-inch) asbesios cement pipe
Arakabesang and
Malakal storage 8,400 m Pipe diameter: 30 cm
tanks : - (12-inch) asbestos cement pipe
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continued

(5) Water tanks

(6) Well

Section instatled
along K.B. Bridge

Airai tank
Ngermid tank

Ngermid tank
booster pump

Nge:kesoa] tank
Arakabesang tank
Malakal tank

Gihmel Dam area
Waler lreatnent
plant area

Ngerias area -

Arakabesang arca

400 m

Pipe diameter: 30 ¢m
(12-inch) ductile cast-iron pipe

Capacity: 3,800 n_r13
(1.0 million gallons)
Diameter: 22.5 m, height: 9.6 m

Cabacity: 3,800 m3’
(1.0 million gallons)
Diameter: 20 m, height: 12 m

Pump _ca’ﬁa’ci:ty: 0.95 m3
(250 gallons)/minute
Motor: 10 HP

Capacity: 3,800 m3
(1.0 million gallons)
Diameier: 22.5 m, height; 9.6 m

Capacity: 1,900 m3
(0.5 million gallons) o
Diameter: 17.0 m, height: 84 m

Capacity: 1, 900, m3
(0.5 mitlion gailons) . _
Diameter; 17.0 m, height: 8.4 m

Pump capacity: 0.23 m>3
(60 gallons)/minute, each

Pump capacity: 0.25 m3
(65 gallons)/minate

Pump capacity: 0.32 m3
(85 gailons)/minute

Pump c_apaci!,y:: 0.09 m3
{25 gallons)/minute, each
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232

Organization, Personnel and Budget

(N Organiiation for Operation and Maintenance

The organization in charge of the water supply project is shown in Table 2-5.
“The Bureau of Public Works is under the Ministry of National Resources as
shown in Figure 2-8. The Bureau of Public Works manages the facilities for the
water system, sewer system, telephones, and electricity, as well as the promotion
of construction of roads, ports and harbors. The Bureau of Public Works
employs 156 people, as shown in Figure 2-9. '

The construction, operation and maintenance of the existing water facilities is
administered and managed by the departments shown in Table 2-5. The Ministry
of National Planning, which is directly under the president, is in charge of the
construction. The Water Supply Branch of the Division of Utilities, which is
under the Bureau of Public Works, is in charge of the operation and maintenance
of the water system. The Ministry of Administration is in charge of bill

- collection. The Water Supply Branch is composed of 20 personnel, including 18
who are in charge of the Koror and Airai areas, as shown in Table 2-6.
However, since only three persbnncl are knowledgeable about the existing water
system and facilities, the water facilities specialist personnel are insufficient.
Presently, two American supervisors, who have the necessary technical
knowledge, are stéying to provide technical advice for maintenance and operation.
Furthermore, since the budget of the Bureau of Public Work is managed by the
government, the financial self-sufficiency of the water project is difficult to
achieve.

' Table 2-5 The Divisidn of Construction, Operation, and Management

Construction Operation and Maintenance Sales

‘Charged | Burcau of National Bureau of Public Works Water | Ministry of Natural

section - | Planning - Supply Branch, Division of Resources Billing
: : Utilities Department
Work Planning, design and | Water facilitics, Opcrau"(m and | Meter inspection
execytion of work maintenance

Bill Collection
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Table 2-6 Water System Branch Personnel  (as of 1989)

Name

Position
1. A, Remoket Trades Specialist
2. U. Debelot Phumber Foreman
3. M. Moses Plumber
4.. N. Sena_rdd Plumber
5. L Ngelwong | Plamber
6. S. Rechirikl Piumber Foreman
7. :L. Antonio Piumﬁer
8. ‘M. Petrus Plumber
. 9. J. Ngieraklang | Plumber
10. D.Ngiraibai | Plumber
11, H. Renguui Plumber
12. M. Daniel Plumber
13. T.Tesei WTR P. Operator
14. N. Blesoch Equipment Operator
15. J.Meledang | Equipment Operator
16. . Rengiil Mechanic |
17. R Isaac I‘ radesman
18. M. Telei | Plumber
19. | J. Belibei |wrp Opérator (Angaur State Water'Systcfn)
20 | WTP Operator (Melek_é__o_k State Water System)

. H. Fungel
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(2) Budget

The operation and maintenance budget of the water facilities is described as
follows. Although $223,614 (¥34,200,000) has been budgeted for 1990, a large
share of this is taken up in personnel expenses, so little remains for the operation,
maintenance, and the purchasing of tools and spare parts for the facilities. The
Government of Palau is making a substantial cuts in the budget requested by the
Bureau of Pliblic Works, since the National Budget is insufficiem. However,
budget improvements need to be made for the organization of the bperation and
maintenance of the water facilities after the implementation of this project.

The Water Facilities Operation and Maintenance Budget

Year 1988 © 1989 1990

Annual|  US$164,312 US$228,987 US$223.614
budeet | (¥24.9 million) | (¥34.3 million) | (¥34.2 million)

(Source: Bureau of Public Works)

2-4 Details and Contents of the Request
(1) Details of the Request

Koror area, the capital of Palau, has been the center for politics, trade and tourism
and over the last several years. Development in this area has led to an influx of
foreigners, which has increased the population by 3.5% annually, while the
national population has only risen by 0.7%. Airai area has also shown the same
kind of growth, and the population of both aré_as is anticipated to increase from
10,000 people in 1986 to 20,000 by the year 2000, including seasonal workers and
residents.

At 'prcsent, water supply is suspended from 9 p.m. to 5 a.m. throughout the year.

However, water is still wasted because of defects in the water facilities, insufficient

~ maintenance and operation of the facilities, and an inefficient system of billing and

collections. In the hi gher elevation residential and commercial areas very little water

can be secured even wh_eh_the water supply is available during the daytime because

of insufficient water supply and pressure. Water supply is also restricted during the
dry season depending on the rainfall, when water supply and pressure develop into

a serious problem. The ordinarily high temperatures and humidity makes the daily |
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life of residents harsh, and seriously affects the development of business and

tourism.

Palau's cutrent First Fiﬁé—ycar Development Plan ('1987 - 1991) has progressed in
the development of the Koror and Airai areas. However, by the target yém‘ 2000,
the estimated water supply will be seriously insufficient. The Government of Palau
has requested to the Government of Japan for'grant aid on the iinprovement of the
water supply system to meet the target year 2000.

In tesponse to the Government of Palau's requ_e'st,' the Government of Japan
dispatched a study team to conduct a preliminary study on the feasibility, impact
and necessity for the water supply improvement plan. _ The siudy team concluded
that the grant aid for the implementation of this plan would provide a stable water
supply for the Koror and Airai areas, contribute to hygienic environment for the
residents, and lead to an anticipated expansion of the society and economy.

Contents of the request

The request involves correcting the water supply condition of the Korbr and Airai

-areas, by improving the existing water facilities, as described in detail below.

1)  Construction of emergency _power generators for the intake purmps
Two 300 kW machines - :

2) Co_nstfuction of a water pipeline from the intake pump station to Gihmel
Ductile cast-iron pipe: - diameter: 400 mm, length: 6,200 m

3) Constru_ctibn of water transfer pipeline under the sea from the water treatment
plant to Koror area . - :
Ductile cast-iron pipe: - diameter: 400 mm, length: 5,000 m
© Steel pipe (under the sed): ~ - diameter: 400 mm, length:. 500 m

4)  Construction 'of water transfer pipeline for Koror afca

DUCtiIe'cast-iron pipe: diameter: 400 mm, 'Ie'ng'th: 3,380 m
‘Duciile cast-iron pipe: ~+ diameter::300 mm, length: 7,430 m
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From Airai witer
treatment plant

|

C Airai flow meter
-——bn-Ql
Q2 —~a—o

K.B. Bridge

i Ngersoal gate valve

39—~ To Ngersoal Hamlet

Q3 ~-— S o
-=— Inabo flow meter

- Ngermid tink

-"— Ngcrmid flow meter

Q5

f_ Ngerias gate valve '

Ngerbodel gate valve _' —-@-——» To Ngerias Village
To Ngerbodel Hamlet -0 _ ' .
_ . -~ Ngerkesoal tank

(_)~=- Pressure guage

=To Ngerkesoal Hamlet -

' L‘ Ngérkeso.al gate valve
Q= |

Q) ~4— Minami gate valve

i

From .To Koror City
- Ngerbodel ‘

~ Hamlet

Fig. 2-5 = Flow Meter M'ép
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. _CHAPTE_R 3 OUTLINE OF THE PROJECT SITE

General Conditions
Topography

The Koror area is composed of Koror, Arakabesang and Malakal islands, which are
linked by a causeway, to form a 10 km2 (2,471 acres) area of land. The arca has
rolling hills, which is convex-shaped, with little plain area, as typically found on
Arakabesang Island. The development on suitable flatland areas is concentrated on
Koror Island and one part along the coastline of Malakal and Arakabesang islands.

The residential and commercial development of Palau is concentrated in the center of

- Koror Island, a 6_km-long, narrow island, on an elevated plateau, which runs down to
_ the_ coastal flatlands.

Since there are {rcry few flat areas along the coastline on Malakal Island, Palau's

R developing industrial area is concentrated in Malakal Port.

3-1-2

Since Arakabesang Island is characterized by rolling hills,_with little flatland, the
Presidents Office and residents are located on the elevated plateau area.

The Airai area, located on the southern tip of Babelthuap Island, Palau's largest island

(404 km?), characterizéd by rolling hills, is linked to Koror Island by X.B. Bridge.
The international airport and wide areas of empty space are on Babelthuap Island, and
the future development of housing and tourism is expected here.

Popuiation

“The populatlon for the Koror and Airai areas in 1986 was 10,463. 9, 432 (9()%) people
~ were Tesidents of Koror area, wnh 8,100 (86%) peopie residing on Koror Island (6.7

kmz) mcludmg in the h111 areas.

Under these'preseﬁgt -'(':onditions,idemar-ld for._housing m the highlands, outside of the

Ci:t.y limits is unaVoidablc_. 810 '(9%) people of the populﬁtion of Koror area are living
on a steep slope of the narrow highlands on Arakabesang Island. Since the Koror and
Airai areas have ﬁ)ery little flat areas, this condition will become even more aggravated
in the future, | |
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The population of the Koror and Airai areas from thie 1986 national census, is shown

below.
Year 1986
Kororarea 9,443
Airai area 1,021
“Total: 10,463

_:Natural Features

Topography and Geography

The area of this project site is generally 30 - 90 meters above sea level, with rolli_ng '
hiils. However, the southern part of Koror Island is a flat area; 2 - 3 meters above sea

level.

Except for one part near the K. B. Bridge, the geology of the area is mainly formed of
laterite, weathered basalt . When laterite becomes wet it dissolves. Water retention is
high so it does not dry out properly.  Since in one part of the area near the water
treatment plant Mangrove swamp was reclaimed i construct a Toad, the soil ir_teludes
mangrove humus. ‘There is coral rock (2.0 km) near one part of K.B. Bridge on Koror
Island. - Accordingly, special measures are needed for construction in this area, such as

. shoring work and breaking bedrock.

3-2-2

(D

Meteorology, Hydrology and Oceanography
Meteorology and Hydrology

Palau is a tropical country with a yearly average temperature of 27 degrees centigrade,
and a maximum t'cmperétere'of 30 degrees centigrade. The te’rﬁ'ﬁéfét'tire ne'\?er drops
below 20 degrees centigrade. Throughout the year the temperdture chan ges very litile,
50 in one day, the temperature varics no more than 5 degrees eentlgrade The average
humidity is high at 80%, however, trade w1nds and squalls sllghtly moderate the
temperature and humldlty -
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Rainfall is heavy, With annual average rainfall at 3,800 mm. During the year, January,
and May to September, is generally considered the rainy season, while Fobruary to

- April; and October to December, have been observed as the dry season, though these

2

seasons are not clearly distingnished. Rain falls many times in one day, but usually for
a short duration (30 mmutcs to an hour). It often rains hard and typhoons usually

‘occur throughout the year, though big typhoons are extrcmely rare.

Since the frequency of rainfall is great and the probability of heavy rain is high, the

- clay-soil dissolves in water, so its viscosity is not very good for pipeline construction,
thus it is necessary to keep rainwater from entering the excavated trenches.

Oceanography

From yeaf—roun_d observation data of the Malakal Harbor in 1987, the greatest change

| between low and high tide was recorded at 2.2 meters.

3-3
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The velocity of the biggest tide is about 5 -6 knots.

Infrastructure

Residential

Housing in Palau is largely ¢oncentrated in the Koror and Airai areas. Most housing is
one-story, however, jn the Koror Island urban district, some 3 and 4:story apartments
and office buildings have been constructed recently. '

There are also large (38 to 100-room) hotels on each of the islands.

Water Facilities

The exrstmg water facilities was built with U.S. assistance. “The main pipeline is
constructed from asbestos cement and the service pipes from PVC pipe. The main

p1pes_and-serv1ce pipes run in an intricate network throughout the Koror Island urban
area . The existing main pipeline is generally buried 90 cm under the ground.
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Sewer Facilities

‘Except for raw water pipelines from the intake pump station to the Airai water treatment -

plant, sufficient number of sewer pipelines have been installed along the water pipelines
of the project site area. Sewage is treated at the sewer treatment plant on Malakal Island
and then discharged to the sea. '

Rainwater Drainage

In the Koror 'and Airai areas, V-shaped side guiters have been installed for rainwater -
drainage along one side of the paved road. Rainwater is discharged through a guttér to
a drainage pipeline below the road. However, the capacity of the g'u_tt'er‘an.d drainage
pipe is small, and after a 10-minute squall, the roadway becomes flooded.

In Airai area, a concrcte plpc (diameter: 900 mm, carthcovenng 0.5 m) and two
culverts (Wldth 2.1 meters, helght 2 m, carthcovermg 0.6 m) for discharging
rainwater have been installed underneath and perpendicular to the road .

. Harbor

Shipping companies from Japan, the U.S.A., Aus'tfralia and other far east countries,
have been sérvicing Pa?au for the transporting of food, Cons_tfhction material and
machinery and geﬁeralrcargo, but the nu’rhbei_' of ships is small.." There is only one
sailing scheduled per month from J apan.- Cargo can be unloaded only at Malakal Port
on Malaka! Island for the Koror and Airai areas. : '

Malakal Port's wharf facilities are summarized below. - - -

- Commercial wharf length: 155 m (510 feet)

- Ship side wharf depth: 8.9 m (29 feer)

- Concrete block warehouse:. -~ Two 15.2: m x 30.5 m (5() feet x 100 fcet)
- Channel width: .. 0 91.4m (300 fcet)

- Channel length: . 15,850:1_11 (19,200 feet)

- Channel depth: = ‘-  8m(26.1 feet)
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Cannisters and rhomboid buoys indicate the course in the channel.

-~ Possible anchoring sites near

the channel entrance exist -

- Ferry service: : available
- Distance from anchoring point: -~ 5,850 m (19,200 feet)

- Water supply facilities: wharf alongside ship

- Fuel oil supply facilities: wharf alongside ship

- Pilot: : available

- Crane liftin g capacity: 30-ton (Crawler crane)

S R : 20-ton (Mobile crane)
- Wharf height: : 104 cm above sea level (3 feet 5.inches)

There is sufficient capacity for unloading construction equipment and material

- necessary for this project at Malakal Port, since the pier can handle 5,000 - 8,000 ton

class transport ships for transporting containers.
Electric Power, Tclephbne '
Electric Power

A diesel power station (generating capacity: 12,800 kW), located on the west coast of
Babelthuap Island, s_upplies all the electricity required for the Koror and Airai areas.

The transmission lines, constructed by Japanese grant aid, are all overhead Iines and

provide a reliable electricity supply. The high voltage cable is rated at 34.5
kilovolts/13.8 kilovolts, and the low voltage cable at 210 volts/120 volts. The charges
for electricity costs are outlined below.

Less than 2,000 kWh: US$0.09/kWh
2,000 kWh and over: - US$0.10/kWh

Unless power is cutoff in an accident, such as falling trees knocking down power lines,

the power station and existing transmission facilities have sufficient capacity.
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Worldwide telephone service from Palau is available via a communications satellite
linkup to O'ahu Island in Hawaii. However_, the use of telephones has not spread
across Palau, making international calling difficult from hotels. International calls
should be placed throegh the communication center ‘at Arakabesang Island. All
telephone lines are overhead. I :

Roads

The main roads in the Koror area have already been paved w1th U.S, assistance,
leaving just 4.0 km stretch (2.5 miles) of secondary roads unpaved In Airai area, only
one part of the road from K.B. Bridge to the airport and Airai village has been paved.
The two_—lane main road from Malakal Port, passing K.B.Bndge to the Airai Airport

has been paved. Thus there should be no problems for transporting construction

machinery and materials 1o the project site of this plan." The access road from the main
road to Gihmel Dam is 5 meters wide, with a 15 - 20 degree steep grade for 300

meters. Coral sand uneveniy-covers the laterite, And when it rains, construction

machinery and vehicles could slip. Some improvement of the road surface is necessary
to ensure the safety for the construction work of the project.

The road from the airport to the intake-station is in-a similar condition as the road
described above, so similar measures need to be taken. ' '

| Bridges

K.B. Bridge

Constructien of .K B. Bridge was completed in two years, in Apn‘l 1977 . The longest
span is 241 meters (790 feet), making it the world's: longest pre-siressed concrete box-
typed bridge at the time.

The design for this bridge was conducted by Alfred A. Yee and Associates, Inc., a
Hawai'i-based company. Construction was performed by Socio Construcnon Co. of
Guam. Before construction was completed, this company declared bankruptcy :
However, with governmental assistance, the brldge was finally constructed. The
bridge was built by the Dywidag method, but the cente_r of the bridge sags. However,
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since the beaﬁng capacity of the bridge is sufficient for heavy vehicle-use, there should
be no problem for constructions for this project. '

Other Bridges

There is a 2.0—metér' long bridge on the way to the intake pump station. The steel

_ girders of the bridge have corroded, so necessary precautions should be taken. From
Koror Island to Malakal Island there are many 5 - 6-meter long concrete bridges, which

should not pose any special problems.
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CHAPTER 4 OUTLINE OF THE PROJECT

Objectives and Contents

* Even with an abundant average rainfall, nieasu_ring‘ 3,800 mm annually, the water

supply for the residents of the Koror and Airai areas is suspended from 9 p.m. to 5
a.m. year-round beé_ause of defects in the existing water facilities. Despite these

. measures, water supply and pressure at mid-day are still insufficient for elevated areas.

Since 1974, improvements to the water facilities have progressed under a-U.S. assisted
plan which ends in 1990. However, there are many problems with the existing water
facility, as summarized in section 2-1.Chapter 2. If these problems are left unresolved,

-the =li\'/ing cond_iiions' for the residents will become increasingly harsh. This project
- would'improve the existing water facilities by the target year 2000 and secure a clean

water supply for the Koror and Airai areas for 24-hours a day.

The objective of this water facility improvement plan is to advance the health and
welfare of the residents of Koror and Airai-areas, promote industrial growth and

“contribute to the stability of the civil adrriiniétr_a_tion of Palau. The Government of Japan

will extend Japan Grant Aid to attain these objectives..

Evaluation of the Request

The study team conducted a field survey to study the condition of the water supply and

. the existing water facility based on the request made by the Government of Palau. The
‘study concluded that the improvement plan, summarized in the following, is necessary

to secure the water supply. The existing water facilities, the improvement plan

-~ submitted by Palao and the imp_rovement plan proposed by the study team arc all shown
- in'Table 4-1, At the time of the field survey, the study team submitted a draft proposal

for improvement of the water supply facilities to the Palau officials for their

- consideration. (referto Appendix 9, Field Report)

- The _cffsctiye_ness, urgency, appropriateness, safety, economy and term of work should
- not just be studied, but actually integrated in accordance to the related improvements of

the existing water and sewer systems and road made under U.S. assistances, in
determining this improvement plan. -
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Adequacy and Necessity of the Plan
Instailation of intake generator' (fbr EMETgENCy-use)

The electrical power for the intake pumips is supphed by transmission lines which run
for 20 kilometers through dense jungle and hill areas. Durmg strong winds, trees have
fallen over, cutting the power transrmss:on lines, and at least 20 to 30_ hours are
required to restore power. - During this time, “water from Edeng River cannot be
utilized. From the basic study, one 300 kw emergency generator is determined to be
necessary.  However; after a- detailed review in Japan it was determined not to be a
major priority for the following reasons. _
- The capacity of the present storagc reservoir is 14 times the water supply

quantlty for the plan's target year, and 36. times the prcsent water supply quantity.
_ Accidents which sever the power transmission lines are rare.
- During the restoration of power, water from the storage reservoir at Gihmel

Dam can be utilized, avoiding'an.'y decline in the water supply. |

Construction of raw water pipeline

The daily average discharge of Edeng andeekum’c_l rivers at the intake pump station
is 65 times the planned supply. ‘However, since there is no pipeline to supply raw.
water from the intake pump station to the storage reservoir, Gihmel Dam directly, the

water is wastefully discharged.

Water can be stored effectively at the ‘storage reservoir, Gihmel Dam by constructing a
raw water pipeline (diameter: 250 mm; length: 5.1 km) . 1t is appropriate to consiruct a
main raw water pipeline to increase the quantity and stability of supplied water. -

Installation of a rubber dam at Gihmel Dam :

The storage capacity of Gihmel Dam h‘as' decreased from 94,600 m3 (25 million
gallons) to 75,700 m? (20 million gallons) because of accumulated sand and damage o
the surplus d:schargc rubber dam. However, after followed review in Japan the
restoration of the rubber dam (height: 60 cm, length: 15.2 meters) was detcrmmed not
tobea major pnonty for the fo]lowmg reasons. Lo
- The capacity of the present storage rescrvom is 14 times thc water supply 3
quantity for the plan’s targct year, and 36 times the prcsent water supply
quantity. = ' -
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Construction of water transfer pipeline

Water is pumped directly to houses and establishments through the existing water

~pipelines. Consumers in the upstream area near the water treatment plant freely use and

waste large quantities of water, leading to insufficient water supply and pressure at the
edge of thc supply area of Arakabesang and Malakal islands. Since an increase in
future construction of public facilities and housmg in the upstream area is anticipated,
insufficiencies of the water supply i in the downstream area will accelerate as the target

year approaches.

The constructidn_bf_ a new water transfer pipeline would correct this situation by

changing the function of the existing pipeline from supply and distribution to only
distribution.

Water supply quantity and’ pressure would increase by replacing one water transfer
pump, and installing water pipeline. The four tanks could then be utilized to distribute

a stable and uniform supply of water to the planned supply area.

The new water transfer pipeline, running from the water treatment plant transfer pump

* to Ngermid and Ngerkesoal tanks will be 300 mm in diameter. The pipeline diameters

in'Koror urban area will be 250 mm, and the pipeline diameter from the water transfer
pump to Airai tank will be 200 mm. '

Palau requested the construction of a water transfer pipeline under the Toagel mid

* channel. Howcv:c'r, since the water is too deep (30 - 36 meters), the current is 100
rough (5.-6 knots) and there are undetonated bombs left over from the second world

war at this site, construction in this area should be avoided.

The eXisting pipeline (diameter : 300 mm, Ductile cast iron pipe) to K.B. Bridge has no

* problem, and it will be used for water transfer. Therefore the pipeline to K.B. Bridge
- is not included in this project.

Installation of water level control facility for the water tanks

~‘Automatic ?valves_, which operate according to the water level, should be installed at

Aii‘ai, Ngermid, Ngerkesoal and Arakabesang tanks to prevent water waste.

.59 -



(6)

M

®

©)

Installation of water treatment facility

‘The capacity and the numbers of the existing filters are sufficient for water supply at the
plan's target year since, out of the existing four filters, three will operate at the working
ratio of 70% and one as a spare. '

Installation of water transfer pump

The existing water transfer pumps include two large pumps and two small pumps. The
two small pumps, which have been regularly used, have become extremely old and
-worn out. ' Since the dlschargc and head of the large and small pumps differ, operation
is difficult and complex. Without an automatic conlrol function operators for 3 shifts
are necessary for uninterrupted 24-hour manual operat_lon of the facility.

The 1nstallat10n of one new large pump to rcplace thc old small pump will i increase the
‘;upply water capacity to meet the target year by sccurmg the demguated head SO water
can be pumped to the water tanks. - Since the new transfer pump has the same
specifications as the ex'isting large putnps, operation and maintenance would be simple.

The water supply quaritity and -prééshre for the target year can be secured by installing

one large pump.

Painting of Arakabesang water tank

All of the water .tanks, constructed of steel plates and bolts, have received little
corrosion damage. However, since the inside and outside touch-up painting has not
been done, spot corrosion is evident on the entire surfacc and along the edge of the
roof, some damage is evident. In partlcular, since Arakabesang water tank has much
damage, it is necessary to paint the outside and inside surfaces of this tank.

Maintenance truck with cone ton crane and patrol car with communication equipment

The Bureau of Public Wo'rks'has. ohe truck (pick-up type). : Ther.efo'rc it is pos'sible. to

execute the scheduled inspections, repau' work or contract for mamtammg the safety
and funcuonmg of the water facxllty by using thls truck Thercfoxe supply of a

maintenance truck and a patrol car is not considered a high priority. -

-60 -
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(10) Water meters

4-2-2

- Water meters have been installed at 50% of all residences and businesses. Leaving

50% of residences and busmesscs where water meters have not been installed,leading
to the wasteful use of water.

Installing water meters is an effective way to reduce water shortages, at a comparatively
low cost by supervising the water usage of consumers. This is one of the means 1o
improve the condition of the water facility by establishing a water charge collection
system. |

The Govemment of Palau is progressmg the mstallanon works of water meters to each
residence or busmess by the U.S. assistance from February, 1990. And after the
completmn of the installation works of water meters, all residences and businesses will
have water meters. Therefore the provision of water meters from Japan Grant Aid is
not necessary. '

The Contents of the Government of Palau's Request and the Improvement Plan

-The contents of the improvement plan were changed after careful con31dcrat10n of the

effect, urgency and economics as well as the coordination and use of existing facilities.
The comparison is shown in 'I'able 4-1.
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Qutline of | the Project

Implementation of the project

The National Planning Council is responsible for the implementation of the work under
this project, and will operate and maintain the facilities after completion.

Basic Schemes for thé Plan |

Basic schemes: for the imp'rox./t_:ment plan of the water facility are described as follows.
The dcsigﬁ target year is set at 2000.

The planne:d served area is the Kordr and Atrai areas.

In the target yéar,. water supply cﬁpacifj ‘willl bc'5,.30{5) m3 (1;4 mitlion gallons)/day.
1) In thé.designed target yéar; th.c.servéd population will be 20,600 people.

2) Inthe désignéd target year, the average per capita water supply will be 257 liters
(68 gallons).

The water supply system will be changed, additional pump and pipelines will be

“installed under Japan's grant aid to imprové the existing facilities equipment.

Improvements in operation, management, and charge collection will be made to
improve the administration of the existing facilities.
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4-3-3 Project sumimary

Improvements planned for the water facility of Palau are summarized below.

Summary of the Project

Y

2)

3)

4)

S)

Installation of raw water pipeline

— Ductile cast-iron pipe, diameter: 250.mm, length: 5.1 km

Installation of water transfer pipeline
(excluding the existing 300 mm pipeline installed to K.B. Bridge also
used for water transfer pipeline)

— Ductile cast-iron pipe, diameter: 400 mm, length: 0.1 km
— Ductile cast-iron pipe, diameter: 300 mm, length: 5.5 km
— Ductile cast-iron pipe, diameter: 250 mm, length: 6.8 km
- Ductile cast-iron pipe, diameter: 200 mimn, length: 2.4 km

Installation of water level control device

— Installation of water level control facilities with automatic valves at the
four existing tanks

Installation of fresh water transfer pump

~—  One multi-siage turbine pump [3.97 m? (1,050 gallons)/min.]
(Same as the existing large multi-stage turbine pump)
— One motor and control device
-— Partial improvement of the discharge pipe of existing large multi-stage

pump

Painting of Arakabesang water tank (outside and inside surfaces)

- 64 -




' CHAPTER 5 BASIC DESIGN






5.1

CHAPTER 5  BASIC DESIGN

Basic Design Philosophy

The study of the_ contents of the request made by the Government of Palau and the

- results of the field survey revealed that significant regional imbalance between the water

supply quantity and water supply pressure was caused by defects of the existing water
supply facilities, insufficient number of water meters installed, and insufficient
maintenance.

‘The main objecti\fes of the Proje.clt for Impfovemcnt'of Water Supply System includes:

1) eliminating thie above imbalance, 2) securing the design target year's water supply
quantity, 3) supplying water continuously for 24 hours a day to residents in the Koror

-and Airai areas, 4) improving the existing water supply facilities, and 5) enhancing their

function. The achievement of these objectives will lead improve the living standards of
the residents in the Koror and Airai areas, as well as the industrial facilities.

The basic design for this project was. conducted, emphasizing functionality, durability
and economic efficiency, in line with the contents of this project described in Chapter 4,
and according to the following policies.

(1) The planned served area for this project will be the Koror and Airai areas.

(2) The new water pipelines for this project will be used exclusively to transfer water
to water tanks. The existing pipelines will continued to be used for the
-distribution of water to individual hoﬁseholds. Therefore the pipelines for water
_distribution and water transfer can be separated.

(3) This project will be planned to make the most effective use of the existing water
supply facilities.

(4) The existing pipes (pipé diameter: 300 mm,' material: ductile cast iron pipe)
installed along K.B. Bridge sidewalk will be used for water transfer pipeline.

(5) Since the present project is for the improvement of the existing facilities, efforts
will be made to coordinate machine types, specifications, standards and other
relevant aspects, by taking into consideration operation and maintenance, as well
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(6)

)

®

©)
- (10)
(i1)

(12)

(13)

as the interchangeability of parts and components. Japanese design standards and
products will be used, unless comparative products are found in Palau.

The service life the existing facilitics is taken into consideration in the design of

this project.

Areas in the South _Pac'ific_:Ocean, inéluding'Palau, were greatly affected by a
drought in 1983. This project is planned to minimize the effect of such a drought.

The maintenance of thc'éxisting water supply facilities is being carried out by the
Bureau of Public Works with 'dooperation from the U.S.A. However, the
necessary technical skill, khowlcdgc and the finanéial resources are insufficient,
Therefore, the:ladopti:on of a system or facilities which include sophiSti'cated
automatic equlpment must be avoided. Equipment which is mmple easy to

_ operate and i inexpensive to mamtain should be installed; so that the facilities can
- be repaired by the technical personnel of Palau.

“This project will be executed ensuring the safety of the existing infrastructure,

including water supply, sewerage and electricity, buildings and residents, and
causing minimum interference with the daily life of residents, commercial
activities and traffic.

The cost of this project will be minimized:

The construction work peﬁod will be minimized. -

Efforts wi_ll be made to obtain the hndérstanding and cooperation from residents
in the project area for the execution of the construction work under the

implementation of this project.

This project will be planned to utilize locally available construction equipment and
materials, as well as increase the employment opportunities for workers in Palau.

This project w111 bc planned to ut111zc pubhc land areas to minimize the use of
pnvatcly -owned land.
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5-2

(14)

(15)

Since much rain falls in Palau, this project will be planned to prevent rainwater
from entering trenches excavated for the laying of pipelines during the
construction work.

Since 80% of the population for the Koror and Airai areas is concentrated on
Koror Island, urgent improvements for the water supply, including the laying of
pipelines from the water treatment plant to the two water tanks on Koror Island
will be planned for the Phase I construction work.

Phase II construction work includé_s the laying of a raw water pipeline from the
intake pump stati‘on 1o Gihrriel Dam and water transfer pipeline from the water
treatment plant to Alral iank and the water transfer pump. T hls phase of
construction will secure the water supply quantity for the target year 2000,
improve the water supply condition for the Airai area located near the water
treatment plant and prevent water waste. Under Phase TII construction work, a
water supply plpelmc will be laid from the Ngerkesoal tank to the Arakabesang
tank, at the edgc of the served area, to improve the water supply condition for
Koror Island urban district and Arakabesang and Malakal islands .

Study of Design Conditions

The design conditions for this project are studied considering the water supply

impro{rement project which has been implcménted under the U.S. assistance, the

functions of the existing facilities, natural conditions, and the present condition of

operation and maintenance. These conditions are as follows:
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(1) Basic design conditions

Table 5-1 shows the basic design conditions.

Table 5-1  Basic Design Conditions

Tiem Design conditions ~ Note
1.] Design target year for the 2000 ' -
project for improvement of
water supply system R
2.| Water supply quantity for the | 0.257 x 20,600 = 5,300 m3
target year (1.4 million gatlons)/day
1) Planned population 20,600 ' _ o
2) Percapitaplanned | 257 liters (68 gallons)/man-day Refer to 5-2 (2) for the
daily average waler : - base of setting up.
supply =
3. Water supply quantity for 5,300 x 1.5 = 7,950 m?
design of water facilitics (2.1 million gallons)/day
4.| Pipeline system The existing water transfer and distribution
pipelires will be used exclusively for .-
distribution to each household, and new -
pipelines will be used exclusively for
transfer of water to the water tanks. _
5.| Pipe material Ductile cast iron pipe Pipes around water- | Refer to Table 5-8 for the
transfer pump, and aqueduct : sieel pipe) base of setting up,
6.| Pipe diameter 200 - 400 mm '
7.| Design flow velocity 0.75 - 1.5 m/séc.-
8.| Thickness of earth covering | the sloped area’= 0.7 m
' the flat area =09 m. o
9.| Air valve Single-type air valve, - | Air valves will be -
: ' installed at ridge portions
‘ on main line, .
10.| Wash-out valve Sludge-discharge pipe's diameter will be Several wash-out valves
- §1/2-1/4-of the main pipe's diameter. - will be installed at valley
: sections on main line,
11.{ Stop vaive Sluice valves will be insialled. Siuice valves will be
installed at diverting
points of the main pipes.
12.| Pipe installation Pipe will be buried into underground ' '

except for aqueduct and the wall of -
Arakabesang causeway.

.68 -




Planned served population

(2)
The planned population in both the Koror and Airai areas up to the target year is
shown in Table 5-2, as obtained through the 1986 census and the survey by the
Basic Design Team:
Table 5-2 Planned Served Population
Year 1986 1988 1989 | 1990 1992 1994 1996 1998 2000

Palau Nationals 10,4‘63. 11,200 -11,600 12,000 12,9001 13,800| 14,800| 15,800] 17,000

Forcign Nationals

{workers, eic.)

— — 2,000 2,100} 2,350 - 2,600F  2900| 3,250 3.600

Total

10,463 11.,200. 13,600 14,100} 15250! 16400 17,700 19,050 20,600

The population increase of Palau nationals is estimated at 3.5%, the same as the

present level.

The population based on the 1986 cenisus only included Palau Nationals, and did
not include long-term foreign workers who came from the Phillipines, Taiwain,
Korea and other foreign countries. In projecting the population figures for the
Keror and Airai areas, it is nec'essaly to include these long-term foreign workers
which are increasing each year due to-the growth in the number of construction
workers and employées for the service industry. Although the actual number of
foreign workers was not included in the 1986 census, according to estimates for
1989, there were 2,000 foreign workers, of Which' approximately 1,500 were
Filipino. :COHSnﬁe:tion of heu'sin'g and hotels-is currenily under planning as part
of the large-scale dev‘elOﬁrﬁem’ for the Koror and Airai areas. ‘Therefore, the

~ influx of long-term foreign workers is expected to increase from the Phillipines

and other neighboring countries.

Accordingly, the total population in the Koror and Airai areas is estimated to be
20,600 in the target year of 2000. In Saipan, whose population was 12,000
roughly equal to that of Palau in 1976, an explosive increase of population was
seen as the tourism development was started. In 1988, it numbered 36,000,

:three-fold over the above year. It may well be predicted that the total population

* will reach 20 6(}(} in 20()(} in Palay, where Iarge -scale deveiopment is planned

‘through Japanese and US. 1nvestrr1ents T he se(,ured water supply at the target

- year will be 100%, although thele are no I'IVCI'S nor lakes 1o supply water for

B these areas.
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(3) Planned served population by area at the target year

The planned served pupluation at the 'target year in Airai area and Koror, Malakal

and Arakabesang islands are shown in Table 5-3.

Projected population

Table 5-3
Served arca Airai area Kororlsland | Malakallsland | Amakabesang | Total
. ' Island
Ponaaton 5,000 1,000 1,500 3,100 20,600

(4 The_planncd served pbbulatibn and water supply by water tank at the target year

The planned served population: and water Supply by water tank at the target year
are shown in Table 5-4, S

The Planned Served Population and Water Supply

Table 5-4
by Water Tank at Target Year
Water tank for Airai tank Ngermid tank | Ngerkesoal tank | Arakabesang tank |~ Total
distribution _ '
Served arca Adirai area East area of West area of  Arakabesang
o “Koror sland | KororIsland and - | ‘Island and a part
a part of Malakal | of Malakal
| Islnd | Istand
Served population| 5000 2,100 9.900 3,600 20,600
Daily average] 1 1,200 530 2,560 920 5,300
aler supply : L R g _
WACTSUPRY 1@] 934 004 0.68 - 0.24 14
Water supply. | « : O BT AS ! s ' -
for designof | © 1,930 800 3,840 1,380 1,950
water @ s SRR : S '
| facilitics 0.51 0.21 _ 1.01 0.37 2.1

@ :m3/day @: million gallons/day
() Per capita water consumption at the target year (2000)

The large- scalc tounsm a.nd mdustnal devclopment programs undcr way. in the
Koror and Airai arcas in hnc ‘with the Koror Master Plan and A1ra1 Developmem
'Plan are mamly composcd of housmg and. hoteI construcuon as shown in
. Flg 2-10. - Since land for some pro;ects ncar K.B. Bndge on thc Koror Island' :
and Arakabesang Island have aiready been secured future dcvelopment should
progress rapidly. The progected dazly average water consumptlon at the target
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year is 257 liters/person, for industrial use, and 200 Iitefslperson for housing and
residents, as shown in Table 5-5. This figure is considered. a reasonable
projection in comparing it with the planned unit water consumption in cities
: throughout the woﬂd, as shown in Tabie 5-6, and in view of the increase in
water consumption by the growth in population, development of industry and
tourism, and the people's higher living standard in the Koror and Airai arcas.

The unit water consumpﬁon for the design of water facilities is 386 liters/person,

1.5 times the average water consumption taking into account seasonal variations,
as well as daily and hourly changes.
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Table 5-5  Water Consumptibn at Each Sector
Per capita water : . :
consumption to | Served population Total water
served (lit./persom) (persans) consumption to
‘ ' served (m3)
@ Resident and housing 200 20,600 4,120
@ Indusﬁy {present) 960
- Office _ 80 1,800 150
- School {primary to high schooi: 50 4,200 210
12 years) a '
- Hotel (330 rooms x 0.75 200 243 "50
{occupation raie) :
= 248 persons) _
- Restaurant 20 1,500 30
- Factory, slore 70 2,000 140
- Harbor, marinc product - - 150
- Construction - - 230
@ Industry (at the target year) _ 230
- Office _ 80 500 40
- School (primary to high school: 56 1,200 60
12 years)
_Hotel (400 rooms x 0.75 200 300 60
‘(occupation rate)
= 300 persons}
- Restaurant . 20 500 10
- Faclory, store 70 600 40
- Hospital (79 beds) 250 litbed 79 beds 20
CTOTAL (® + @ + @) ~ 5,300
(1.4 million
gallong) -
Total served waler consumption 257 lit./person -
per capita
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Table 5-6 Specific Consumption of Potable Water
in Urban Areas All Over the World
Country and Ci-ty Average consnmption Survey Remarks
per capita year
(lil,[capita- day)
Engiland & Wales 175 1971 Urban arca
West Germany 180 191 Maximum consumplion
with toilet and 50% with
bath
Ghana 57 1963
Ghana 189 2000 Forecast
India 116 2000 Forccast
' (urban area no flush toilet)
Rumania 130 - 1971 “Areas without hot water
o supply facilities
Venezuela 190 1956
Malaysia .99 1964
Phillipines 115 1964
| Indonesia 87 1964
| Singapore 94 1972

Source: WATERWORKS ANNUAL '86
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