2-3: Basic Design

2:3-1

Design Concept

(1) Natural Cenditions

)

2)

3

Tempcréh’:rc and Relative Humidity

The Project Arca has a mean annual temperature of 27 - 28°C which " is
approxlmatcly constant throu ghout the year even though a maximum temperature of
35°C has been recorded in the past The relative humidity can reach almost 100% in
the rainy season and (he mean annual average is 82%, rcﬂeclmg the occanic tropical

climate.

Asthe new generation facilities to be constructed under the Project will be housed in
a building, no special measures for the external air temperature and humidity will be
necessary. In the design of the air intake for engine and indoor ventilation, however,
the past maximum temperatuce of 35°C is used. An air temperature of 40°C is
adopled'as the design temperature for the outdoor transmission and distribution
facilities as in the case of the previous projecis. The introduction of ventilation
openings, use of space heaters, cte., for enclosed equipment should be considered in
order to avoid an excessively high level of ambicent humidily.

Rain

The Pfoject Area has a rainy season from May to September and the monthly rainfall
can exceed 800 mm. Roads in the 4 notthern states of Babéldaob Island, where the
construction of the new power transmission and distribution network- is planned, are
unpaved (not even gr’avél roads but clayey dirt roads), narrow, and have many sharp
curves and undulations. Continuous rain over a few days can make these roads
almost impassable, even for 4 wheel-drive vehicles. Accordingly, avoidance of the
rainy $eason for the transportation and delivery of the equipment and materials to the
Project sites is noccssary.'F'urther consideration is required for the selection of

“electric poles, light steel poles in addition to heavy concreie poles, to ensurc the
* safety and ease of transportation and construction work.

Salt Conlami_nation'

AsPalau is an island country, seawater may splash over the power lines due to strong

“wind. Insulators are particularly vulnerable to salt contamination. However, the high

level of rainfall tends to wash away the salt deposited on insulators, reducing the
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(2)

chance of salt accumulation over a long period of time, Specml attention should be

- paid under the Project to possible salt conlamm'itlon to insulators (assessed by the
equivalent salt deposit density) due to typhoons, Galvanizing, etc., will be applicd to
the steel electric poles to prevent salt contaniination when such materials are
sclected.

The planned site for the new generation facilitics at the Malakal Power Plant is near
the coast. Therefore, in order to prevent salt contamination, the generating units as
well as auxiliary equipment will be housed in a buitding and salt-proof paint will be
used for the fucl tfmk, radiators and exposcd piping. |

Social Conditions

As Palau was governed by the US for a long period of time, there are no traditional
customs, which will seriously affect the project implementation. Nevertheless, the
chieftain system stitl survives in all states and the chiefs arc generally more powerful than
governors in state administration. This fact will be taken into consideration throughout
the project period.

Locéi Construction

- High level of construction :iclivily involving civil enginecring, building or plant

- consiniction work is not scen in Palav. Consequently, the local construclion companics

“

and machine leasing companies mainly have a small number of second-hand construction

machines. Port Malakal does not have a large crane capable of unloading the planned

gencrators  (approximately 50 tons each in weight). There 'is also a shoriage of
transportation vehicles {dump trucks, ete.) to transport the clectric poles, ctc. These

- conditions will be taken into carefu! consideration when planning the procurement and

use of construction machinery in the Project.

Usc of Local Construction Company and Materials

1)  Use of Local Construction Companies

There are approximately ‘10 construction companies in- Koror, most of which are
small with 100 - 200 workers and run by American or Korean owners, etc. Most of
the engineers and workers employed by these companies are forcigners, ma inly from
the Philippines (approximately 75%) and Taiwan/China (approxtmalely 10%). Only
a few Palatl'ms work in the construction mduslry When alarge construction project
is taunched, cngmccrs and workers are- recruited for the project. Accordingly, the
capability of local construction companiés is not high and lhcu' use for the Project
will be lumlcd to lhc supply of workers. '
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Therefore, for the construction work on the ‘Project, ic., installation of ‘gencraling
facilitics and construction of transmission and distribution lincs, enginéers and
technicians will be dispatched from Japan for supervising the construction work,
schedute control, quality control and commissioning tests.

2) - Local Material Procurement

In the preparation of the construction plan, priority will be given to the use of local
materials. While the gravel, sand, cement, reinforcing bars, elc., for the structural
work are available lom]ly, finishing materials and building facility equ:pmcnt are
lmportcd. The existing gencration facilities originate from the US, UK and Japan and
the power transmission and distribution materials were also imported. Even in these
days, a local construction companies are imporling coricrete poles from Japan for the
construction of power distribution lines. It is, therefore, unrealistic to expeet lacal

procurement of generation facilily and pawer linc construction aterials.

3) Procurcment from Thtrd Coumnes

For the procurement of the gencrahon facitity and power line construction materials
from a third country, the selection criteria should not only be price alone, but also the
product quality, delivery time and availability of spare parts and consumables after

commissioning.

(5) Maintenance Capibility of Project !mp]ementali(jn Beody

It is planned that the PUC will be responsible for the operation and mamtenance of the
new generation facilitics and power transmission and distribution network under the
Project after their completion and handing-over o the Government of Palau. The PUC is
currently conducting operation and maintenance work for both the Aimelitk and Malakal
Power Stations and maintenance work for the existing power network constructed under a
previous project. As its performance is judged to have been gcnerél]y satisfactory, it is
decmed to ‘have - sufficient technological capability to conduct the operation” and
maintenance of the facilitics to be constructed under the Project. As the PUCis a young

' orgamzauon cshbhshed some 2 years ago, it has a slight manpower shoitage. At present,
it plans to incréase the manpower at the Malakal Power Station from' the current 3
operators for each of 4 shifts to 4 operators for each shift. The PUC is atso engaged in the
conslruction of distribution lines with the cooperation of the Bureau of Public Works in
the Ministiy of Resoiirces and Development.



(6)

Under the Project, Japanese engincers will conduct OJT for PUC engineers in relation to

the operation and maintenance of the new generation facilities and power lines in order to

ensure the effective and efficient operation of these new facilitics.

Design Scope and Technical Level of Facilities, Equipment and Materials

The de&gn scope of the facilities, equipment and materials and their (echnical levels are

determined based on the following principles, taking the conditions desciibed in (1) ~(5)

above into cansideration.

i)

2)

Principles Governing Scope of Facilities and Materials

Malakal Power Station Improvement Plan

The gcncral.ing capacily of lhc.planned new generating units for the Malakal Power
Station will be cquivalent to the base load required to urgently meet the poier
demand of Koror (the capital) and entire Babeldoab Island and the necessary but
minimum configuration and specifications of the facilitics have been selected to
cslablish a stable public power supply source with easy and inexpensive

maintenance.

Transmission and_Distribution_ Grid Consleuction Plan for 4 Northern States of
Babeldoab Island

“The routes of the new transmission and dmr:buuon lines to thc non- elccmfxed 4

northern states of Babeldoab Island will be decided to ensure a fair and stable pubhc
power supply for all local inhabitants. The standards and specifications applicable to

‘the new lines will be the same as those of the existing lines o that the new lines can

be casily linked to the existing network, making the best usc of lhc‘imcrchangicability
of the new and old facilities.

Technical Level

The specifications of the equipment constituling the new generating facilities and
pow'er lines will be carcfulty specified so that they are not beyond the technical
capabzlﬂy of the PUC which will be responsible for the opcranon and. maiitenance of
such cquipment following completion of the Project. As the new branch distribution
lines will be constiucted by the Government of Palau (PUC) equipment and
materials which are appropriate for lhc tcchmcal level of constniction in Pahu will
be selected.
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(7)* Censtruction Period
In view of the hecessity and urgency to improve the present tight power supply situations
and to provide public power supply for non-electrificd areas, the Project will be

implcmémcd in the foltowing 2 phascs.

Phase ] Construction:

Installation of generating units with the necessary but minimum capacity lo urgently
provide power suppl'y for Koror and the construction of a new generalor building.

® Construction of a generator building and exterior work at the Matakal Power Station

@ Procurement and installation of new generating 1tllits(3.4 MW x 2 uaits), main fucl

tank and its auxiliary cquipment at the Malakal Power Station

Phase II Construction:

Construction of new transmission and distribution lines to the non-electrified 4 northern

states of Babeldoab Island.

@® Construction of transmission and trunk distribution lines in the 4 northern states of
Babeldaob Island

® Procutement of equipment and materials for branch distribution lines in the 4
northern states of Babeldaob Island '

2-3-2  Basic Design

(1) General
1) Design Conditions

The following design conditions ar¢ adopted to design the scale, capacity and
specifications of the facilitics and equipment to be constructed under the Project
after examining the conditions described in 2-3-1. '

@ Altitude
a) Consiruclio:i Site for Generating Units (Malakal Powcr Slétion)

The premises of the Malakal Power Station where the new generaling units
~ will be installed are located on gently sloping land with an altitude of 10 ~
25m. |
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b)

Construction Site for New Power Transmission and Distribution Lines

The 4 northern states of Babeldaob Island for which the new power lines
and substations will be constructed have an altitude ranging from 0 m to
1,000 m and can be classified as coastal zone, marine terrace zone and
inland steppe zone.

Climatic and Other Natural Conditions

- a) Design temperature:

b)

Désign relative humidity

Design wind velocity

FFor generating facilities 35°C (maximuin)

For power lines 40°C (maximum)

100% (maximim)

40 m/scc (average for 10 minutes)
32 m/sce (instantancous maximum
wind velocity)

d) Rainfall
) Annual days of lighting (1KL)

f) Salt deposition equivalent density

g2) Seismic force:
For equipiment

For buildings/foundations

h) Soil bearing capacity :
For power station

Codes and Standards to be Applied

a) Japanese Industrial Standards (}S)

4,100 mm (annual average)
3:7 da_ys

0.5 mg/em’

0.4 G (horizontal)
0.25 G (vertical) -
0.2 G (horizontal)

10 tons/m? (assuimed)

b) Standards of Japanese Electro ‘Technical Committee {(JEC)

¢)  Standards of Japan Electrical Manufacturers' Asso‘cié!i‘on (JEM)

d) Japancse Cable Makers' Association Standards (3CS)

e) Technical Standards on Efectrical Facilities in J:ipan

f)  Amcrican National Standard Institute (ANSI) Standards

g) National Electrical Manufactuters' Association (NEMA) Standards

h) Rural Elcc(riﬁcaliol_l Administration (REA) Slalidérds
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i) National Electrical Safety Code (NESC)

“j}  Regulations sct by the Eamvironsnenl:ﬂ 'Quality Proteclion Board (EQPB),

Paiau

Note: The American standatds, ie. ) through i), will only be applied to the

polc-mo:un{ed transformer,

the required clearances for the power

-~ transmission and distribution lines and safety facitities while the Japanese

standards will be applicd to ail other aspects of the Project-related work.

Unit

In princ'iplc',' ST units sre used.

The electric system to be employed under the Project will

Electric System

existing system as shown in Table 2-3-1.

Table 2-3-1 Power Systém

conform to the

Transmission Ling

Disiribution Line

Low Voltage

Low Voliage

(for Lighting) (for Power)
Nominal Voltage 34.5kV 138KV 240/120V 2087120V
Maximum Veltage 365kV 14.2 kv - —
Wiring System 3 bhase.4 wire - '3 phase, 4 wire . single phasé. 3wire| 3 phase, 4 ;.vire :
Frequency 60 Hz 60 Hz ~ 60 Hz 60 Hz
Barthing System Multiple earthat - Muilliph: carthat . -
neuleal point nevtral point

® Basic Insulation Level

In designing the new, transmission and distribution facilities, lh;: following'B'lsic

lmpulsc Insulation Level (BIL), which was employed for lhe existing facilities,

will be applied to ensure thic ‘coordination of insulation between cqunpment and

"~ the msulatlon lcvel of the enure network.

~a) 34.5kV systein: BIL 200 kV

b) 13.8kV system:

BIL 110kV
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@ Environmental Protection chulahons

In designing the new gcncratmg f'1<:111||cs the n.gulahons of the Environmental )
Quatity Protection Board (EQPB) in Patau will, in principle, be applied as the
environmental protection. However, EQPB does not have specific regulations
directly related to the Project, e.g., NOx emission, SOx emission, ctc. Therefore,
the followmg standards which are ‘gencrally applied in Japan have been
established as'the design COIldlllOnS for the Projccl

a) NOx einission level: 950 ppm or less (at a 13% O2 dry)
b) SOx emission level : 250 ppm or less (at a sulphur content of fuel oil of 1%)

¢) Oil contamination
inn discharge water @ 30 ppm or less

d) Particulates : 100 mg/Nm?* or less

¢) Sound noise level : 65 dB (A) or less at the site boundary on the public road
during operation of the new generating units

f) Vibration 165 dB or less at the site boundary during operation of
the new generating unils

2) Layout Plan

The layout plan for the generating facilities and the transmission and distribution
facilities to be constructed/installed under the Project is described below.

® - Generating Facililies |
The new generating facilities to be constructed under the. Project will be
installed in the arca of the existing workshop located next to the existing power
house building at Malakal power station. The existing workshop has already half
cotlapsed and will be demolished to provide the area for the new gencrating
facilitates by the Palau side (sce MPS-M-01}. This location is at the furthest end
if the Malakal Power Station premlscs scparated from the exsslmg private and
public buildings around the power station, therefore rcsultmg in the least noisc
problem, This site selection was also promptcd by its proximity to the existing
control soom in view of casy control and mamtcnance of lhc ‘whole power
station,
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The main components of the new generating facilities (engine, generator,
control pane), ventilation blower, ctc.) will be housed in a gencrator building
equipped with an overhead crane for maintenance purposcs.

Access to the new generator building will be provided by the exisling station
roads. As these station roads on the premises are unpaved, hindering operation
and maintenance work at the power station, sufficient concrete paving wilt be |
employed. A new road providing access to the generating units will be
construcied between the existing generator building and new generator building.
" After completion of the Project, this road will be used as the main access of fuel
tank lorries to the main fuel tank and will also be used as an acvess road when
new generating units will be installed in the existing generator building by the
Government of Palau in the future.

The radiator will be installed to the north of the exislin’g fuel and water tanks in
front of the new gencrator building. Demolition of the existing workshop and
land preparation for the new generator buitding will be conducted by the Palan
side.

® Transmission and Distribution Facilities

New 34.5 kV/13.8kV trarismission and distribution liries will be built along the
existing roads. The selection of cither roadside for the crection of poles will be
decided based on the existing conditions of obstacles such as trees, houses and
slopes and the degree of workability. Many of the existing roads are
characterized by many curves and a sharp gradient and the unpaved, élaycy
surface of these roads has been damaged by downpours, requiring urgent
rehabilitation by the Palau side to allow the transportation of Préjcct?rcla(ed
equipment and materials prior to the commencement of construction work under
the Project. Since (he Compact road will be built in the same arca as the new
transmission and distribution lines, the focation of eteciric polés will be decided
taking into consideration the route of the Compact road. Three sub-stations o

| transform the transmission voltage of 34.5kV to the distribution voliage of 13.8
XV will be constructed as shown in Basic Design Drawing BDT-01 to ¢nsuie the

: stability of tlic' network system, i.e., one in Ngerdman State and 2 in Ngeraard
State.

- {2) Oullinc of Basic Design

" The basic design contents of the Project are shown in Table 2-:3-2,: taking the basic design
principles, design standards and layout plan described in 2.3.1 into consideration.
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Table 2-3-2 Summiary of Basic Design

Phasc

Malakal Power Station Improvement Plan

Power Neiwork Exténsion Plan for -
Northern Babeldaob

i

Construction
Work

Procurement
and
Installation

- Generator building (approx. 980 m’)

- Foundalions for gencrator, engine, fuel tank
‘and auxitiary equipméent

+ New slation road and outdoor lighting; -

extension of foundations, fencing and roof for

substation

Buildings facititics .

Procurement and Instaliation of {wo diesel
gencrating units (3.4 MW X 2 sels)
Procurement and Instaltation of the following
syslems to accompany the above
¢ Fuel supply system (including main fucl ol
tank) '
» Air suction and ¢xhaust system
*Cooling walter system
= Piping
= Procurement and Installation of the following
electrical equipment for the generating unit
*1.ocal conirol pancl
- *Synchronizing panc!
* DC power supply system
«Circuil breaker cubicles (two in gencrator
building and one in substalion)
* Wiring and carthing system
*Remote control panel
- Procurement of spare parts, and maintenance
tools for generating unit and auxiliary unit
- Procurement of opération and miaintenance
manvals for generating unit and auxiliary unit;

Prociirement
. and
Construction
of Power
Transmission
and
Distribution
Network

|_implementation'of OJT___

- Construction of 34.5 kV fransmission
line from Asahi Sub-Station to Ngcraard
No. 2 substation {approx. 31 km)

- Construction of 13.8 kV trunk
distribution lines {approx. 23km} from
Ngeraard No. 2 substation to
Ngerchelong state and from Melekeok
statc to Ngiwal state

- Construction of Ngerdmav, Ngeraard

No. | and Ngeraard No. 2 Sub-stations

(45138 V). '

Procurcment
of Power
Bistribution
Materials

- Procurement of materials for 13.8 kY
bianch distribution lines (approximately
23 km) :

- Procurement of pole-mounted
tranformers, arrcsters and cutout
switchés with fuse (for 13.8kV)

- Procurement of installation manuals and
maintenance manuals for power
distribution materials
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) Building Plan (Malaka& Power Station Improvement Plan)

D)

2)

3y

Plan Contents

The following facilitics will be constructed at the Malakal Power Station under the

Project.

® Generator building < steet frame, single story (2 stories in part) totat floor
_ _ arca: approx. 980 m’ with building services

@ Toilet building . concrete block, single story total floor area:

_ approx. 6 m?
® Equipment Foundations :  foundations for cngine, generator and oil tank, etc.

@ Station road : including a rainwater drainage system

Facility Layout Plan

The Hayout of the planned facilities is shown in Basic Design Drawing MPS-M-01.
The layout plan has been made taking the conditions described in 2.3.2-(1)-1) into

consideration.

Qutline of Main Facilities

The basic plan for the gererator building has been decided based on the floor area,
sectional dimension and work flow line, all of which are coordinated to ensure the |
full performance of the planhed generaling units under the Project. Selection of the
equipment and materials for the construction of facilities has been made based on a

fair assessment of ‘the locally available materials, implementation schedule, - .

durabitity and future maintenance: The main specifications of each facilily arc listed
below.
@® Generator Building

a) Main Specifications

- Foundations . reinforced concrele; spread footings

- Ground Roor slab and

cable pils, elc. :  reinforced concrete
- Uppef structure | _
(columns and beams, etc.) @ steel fiamc ; _
- Floor S . Reinforced conicrele or steel checkered plate
- Partitions i concrete blocks

- Bxternal walls and roof - : state with sound proof material

- window frames and doors : aluminium or stee]
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b) Main Rooms and Floor Area, ¢te.

‘The main rooms, their floor arcas and building services of the generator
“building arc shown in Table 2-3-3.

Table 2-3-3 Generator Building Rooms

* Room Floor i\rea ' Building Scivices
) .
1 | Generator Room 195 lighting, ventilation, fire- fighting
2. | Control Room 90 lighting, air-conditioning, fire-fighting
3 { Auxiliary Equipment Roomn 135 Iightiﬁg, véntilation, fire-fighting
4 | Machine Room for it lighting, ventifation, fire-fighting
Venlilation Blower
"5 | Air Suction room 50
6 'C'ab!cs and pipiﬁg room 420
i Total ' 980

Note: The existing gencrator building is expected to provide spare parls
storage, kitchenette and rest-room, eic.

¢) Building Services
@® Lighting : JIS standards for luminous intensity, fluorescent
lamps or mercury lamps are vsed -
@ Ventilation oo provided by the blower system
@ Air-conditioning : - provided by the package type air-conditioner

@ Firc-fighting -+ ion lype fire detectors and ABC fire extinguishers
(3 kg type) arc provided for each room

@ Foundalions -

The foundations for the diesel engines, generators, radiator, auxiliary
cquipment, electrical equipment and oil tank, ete., plumbing and cable pits will
be constructed for instailation of the facilitiés procured under the Project. 'The
foundations, cable pit and shed for the breaker cubic_tc will 'bé added to the
existing substation for the conncclion of power supply from the new generators
to the existing power line. | '
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@ Station Read, ete.
- a) Station Road

As shown in Basic Design Drawing MPS-B-04, a new road will be
consimcted to run from the main entrance of the power slation premiscs to
the miain fuel tank via the gencrator building. Surface concreling will be
made for this road and U shaped side ditches will be provided for rainwater
drainage. The rainwater will be drained to a side drain of the public road in
front of the éntrance to the Malakal Power Station.

b) Outdoor Lighling

Outdoor lighting will be installed around the gencrator building, main fuel

tank and radiators for maintenance and securily purposes.

(4) Generating Facility Plan (Malak'al Power Station Improvemient Plan)

The generating facilitics to be constructed at the Malakal Power Station are described
below. The basic specifications of the facilities and ¢quipment are shown in Table 2-3-6.

1y Basic ltems
® Selection of Generating System

A diesel generating unit has been selected as (he generating unit for the Project
- in view of its use by existing power stations, ease of operation and maintenance,
local natural conditions such as water resources and economic considerations.

@ Fuel Composition
The fue! used by'thc existing Malakal and Aimeliik Pdwcr Stations is diese! oil
purchased from Shell Oil. This fucl will be used for the new generating units

and its composition such as water content and properties arc listed in Table 2-3-
4. '

'@ Lubricant Oil
Each geﬁc’raior manufacturer recommends its specific lubricant oil with
different composition. As the existing power stations in Palau purchase lubricant
oil from Shell Oil together with diesel oil, the use of lubricant oil which can be
“obtained from Shell Oif is recommended.



Table 2-3-4 Table of Fuel (Dicsel Oil) Composition

Item Unit Tcélithelhod- - Results

Specific Gravity 15/4 - JIS K2249 0.849
APL {601 C : o 35.08
Anifine Paint 'C JiIsK2256  |75.0
Flash Point A S ¢ JISK2265 - | 76.0 (PMC)
Viscosity seC C.8 | NSK2283 3.34

100°C c.st | nsk283 | 185
Pour Point ‘C NSK2269 |75
Chemical Reaction JIS K2252 neutral
Sulphur Content wit % IS K2541 0.i%
Water Coritent wt % NS K2275 0.02 or less
Ash Content | wt% | JSK2272 0.0t orless
Residuat Carbon Content wil % JIS K2270 0.01
Hydrogea Content wt% R REA
Nitrogen Content i ow% HSK2609  |0.03
Sediment wt % JIS K2601 0.01 or less
Dicsel Index ' ' 58.6
Na . mgfkg 0.5
Si : mglkg 0.3
Total Calorific Value keal/kg NS K2279 10.8%0
Net Calorific Value keal/kg NS K2279 | 10,180

Source: Fuel Analysis Results of Study Team

' @ Cooling Water

‘Fhe existin g Malakal Power Station uses municipal waler supplicd by the Koror

" State water supply system. The new gencrating unit will also use this water as
cooling water and a'supply line will be branched off from the spare stop valve of
the existing water tank. The chemical analysis results of l'his:municipal waler are
“given in Table 2-3-5. As shown in the fable, the total hardness of 290 mg/litic is
‘acceptable as drinking water according to the Japancse water quality standard
(300 mg/litre for drinking water) but is unsuitable as cooling water for the
radiator and engine cooling syst'em because :of pbésiblc accumulation of scales
inside the equipment. A water softener will, therefore, be installed under the
Project (0 reduce the total hardnéss to approximately 10 mg/litre or less.
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. Table 2-3-5 Chemicat Analysis Results of Municipal Water

B _ Item ~ Unit - Results
pH (at 20°C) 7.3
Elcctric Conductivity (at 25°C) nSiem 56.0
Alkalinity (as CaCO,) mglt 310
Total Hatdness (as CaCO,) - mglt 290.0
Calciuni Hardness (as CaCOy) mgfe 170.0

‘| Magnesium Hardness (as CaCO;3} mg/t 120.0
S8 _ mglt 20 orlcss
DS mg/e 73.0
CoD g/t 14
T-Fe mg/é 0.62
Mn mg/t 0.05 or less
Na mg/é _ 3
5,0, . mg/é 13.0
ce’ g/ C 60
50, mgle 0.64
Langelicr index — ~09

Source: Water Analysis Results of Study Team

2} Design Criteria
@ Engine Output and Generator Capacity

The total output of the gencrating facilitics to be constructed under the Projccl is
determined based on the condition to cover the expected power supply shortage
of “approx. 625 MW (6.72 MW i'ncluding station service power and
transmission losses) against the estimated total power demand of 16.45 MW at
the end of 1997, cohlplclion year of the Project. The provision of 2 gencrators to
meet this output requirement has been decided (cach having 50% of the required
output) in order to establish more reliable power supply condition in plant
operation. ‘The oulput of each unit is determined to be 3.4 MW. Consequently,
‘the required engine oulpwt for each generating unit and the rated capacity of
‘each generator can be determined as shown below. As the specifications of the
eng_ine.=etc. slightly vary from one generator manufacturer to another, the
following calculation results shoutd be used as refecence figures.



a)

b)

required by 1997. Consequently, the Government of Palau is requited (o
systematically install new generating facilities in view of the demand increase
following the construction of the new gencrating units vider the Project and the
target should be a base load supply capacity of 16 - 20 MW in the year 2000 as
- put forward in the NMDP. The construction of additional g'cncr'ali ng facilities to
“meet this target should be carried out by' the self-reliant efforts of the

Engine Outpul .

Pe2————= 4,866PS % 4,900PS
T0.7355 X1,
Where, :
Pe : engine output (PS, metric horscpower)
P 1 generator output (3,400 kW)
Hg  generator ef ﬁcicncy (assumed to be 95%)

Generator Capacily

P, =-F . 4 2500va
rf

Where,

P, : generator capacity (kVA)
P . gencrator output (3,400 kW)
Pf : generator power factor of 0.8

The Project aims at increasing the power supply capacity which is urgently

Goverament of Palau.

Mechanical Equipment

a)

Fuet Supply System

The Malakal Power Piant has 2 main - fuel tanks, cach storing upto 25,000
“gallons (approximately 94.6 kilolitres) of fucl. The fuel is supplicd by tank
lorry by Shell Company which has a fuel supply. contract wilh_lh_c PUC.
However, the existing fuel tanks have deteriorated, and the existing tank
capacity is sufﬁc_ieni for only 2 days operaiion of the new generating
facility. This is obviously insufficient to supply the fuel to the extra
generators 1o be installed under the Project. Accordingly, one n_cﬁ" outdoor
fuel storage tank will be constructed under the Project. This tank will be
placed at the back side of the 'gcncrator'build.ing (scc Basic Design Drawing -
MPS-M-01) and will be surrounded by oil retaining walls to prevent oil
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leakage. The fuel will firsily be supplied to a service tank by the dicsel fucl
oil transfer pump and the gravity system will be used to supply fuel from
- the service tank to the engines. This method has been selected because the
direct supply of fuel from the fuel tank to the engines by the fue! pump will
réquirc constant pump operation, resulling in an increase of the on-site
power consumption. The fuel oil supply system is shown in Basic Design
Drawing MPS-M-03.

Storage Capacity of Diesel Fuel Qil Storage Tank (Main fuel tank)

~ Fuel transportation from Singapore to Palau will take some ‘14 days.
Therefore, assuming a fuel reserve of 2 weeks' supply (14 days), the storage
capacity of the main fuel tank is calculated as follows.

Vi = V1 X 3,400 kW X 24 hrs X 14 days X 2units == 543,782 Jitres
_ % 550 kilolitres
Where,
Vm @ storage capacily of main {uel tank
Vi : fuel consumption (0.238 litres/’kWh) per generating unit (3.4
MW) based on specific gravity of diese} oil of 0.85 kglitre

It has, therefore, been decided that the storage capacity of the main fuel tank
is 550 kilolitres.

Dicsél Fuel Qil Sérvice Tank

A diesel fuel service tank will be installed to supply fuel to the 2 generaling
units and this diesel fuel oil service tank will store enough fuel to continue
approximately 2 hours of operation with 2 units. The slorage capacity is
calculated as foltows.

Vs = Vix 3400 kW x 2 hrs X 2 units = 3,237 litres
_ % 3.5 kilolitres
‘Where,
Vs @ storage capacily of fuel sérvice tank
Vi o fuel cbn'sumption (0.238 litres/kWh) per generaling uni (3.4
- MW) based on specific gravity of diesel oil of 0.85 kg/litre

- It has, therefore, boe’n'decided_ that the storage capacily of the service tank
will be 3.5 kilolitees. |
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b)

d)

€)

Lubricating Oil System -

Given the current lack of a common lubricatioii system at the Malakal
Power Station, a lubricating oil sySlem for cxcll:lsi'vc use by the new
generating units will be installed under the Project. Lubricating oil will be
fed to the engine by the lubricating oil transfer pump from a drum placed
outdoors. See Basic Dcsigﬁ Drawing MPS-M-04 for the lobrication system.

Cooling Water System

As aireédy described in 2.3.2-(4)-1)-®, inunicipal water stored in the
c:&isling waier tank will be used as cooling water after softening. The
radiator system used by the existing génera!i_ng' units is selected as the
cooling system for the Project. This is made because it is familiar to
maintenance staff and requires lower operaling cost than the cooling tower
system due to the lower replenishing water supply by some 10%. Basic
Design Drawing MPS-M-05 shows the cooling water syS!ctn for the new
generating units.

C'ompr:css'ed Air Sﬁpply System

The existing generating facilities have individual compressed aic system for

- cach unit. Therefore, a new compressed air system for each new generating

vnit will also be installed. While a compressor will be installed in the

auxiliary machine room for cach generaling unit inside the gencrator
- building, 2 new compressors will have a connecting line for mutval back-up

operation in case of trouble. Basic Design Drawing MPS-M-06 shows the
compressed air system.

Air Intake and Exhaust System

Outside air will be sucked through an air intake duct to the engine via a
supercharger and, after combustion, will be discharged to the outside via a
silencer. Basic Design Drawing MPS-M-07 shows the intake air and
exhaust system.,

Ventilation System .

A veitilation system will ‘be installed in the generator building for
ventilation of the engine room. A-suclion blower will be installed in the -
blower room above the control room and air will be fed to the engine room
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through a duct. Exhaust will be conducted through exhaust fouvres in the
roof of the generator building.

g) Sludge Treatment System

The Malakal Power Station has an outdoor oil-water separator for the
existing generating units but inflow of rainwater during (he rainy scason
results in waste oil spilling obt of the pit, causing environmental polution.
In order to prevent further envitonmental detetioration in the power station,
a sludge separation tank and an oily water separator for exclusive use by the
generating units will be installed under the Project to separate oil and waler
s0 that only walter is drained to the U shaped ditch beside the station road.
. Basic [)cSIgn Drawmg MPS-M-04 shows the sludge scparation system.
Needless to say, the scpma(ed sludge and waste oil should be disposed of in

an appropriate manner (o prevent environmental pollution.

h) Piping

The following piping will be installed outside of the generator building.
This piping will be prolcctcd by appropriale supports, ctc. and concrete
trenches will be introduced to protect those pipes crossing a road. Basic
‘Design Drawing MPS-M-01 shows the piping roules.

Fuel oil piping

Cooling water piping

1

Waste oil piping

Water drai-nagc pipin g

@ Electrical Facilities

The generating voltage of the gcncraling facilities to be provided under the

Project is 13.8 kV, on the grounds that the largest gencyator (3.2 MW} in Palau

al the Auneluk Power Station’ adopts a genenung voltage of 13.8 kV and that

{hé existing trunk distribution vollagc of 13.8 kV cnables the new gencraung

units to directly connect to the existing trunk distribution lines without the use

of a transformer, resulting in high cbmp’atibility',_réliébi]ity and economy. The
" main clectrical installations ate described below.

25~



a)

b)

<)

d)

€)

: 13.8 kV Brcakcr Panc.i for Conneclion with Bxistin'g Distribution I;incs

One 13.8 kV breaker panct will be installed al the Malakal substation, to
connéct the new gencrating units with the existing trunk distribution lines.
This pancl will be equipped with protective relays required to protect from
shotl circuits, carth faults, etc., an operation switch and indi_caling lamps,

ete. As it will be placed along with the existing breaker pancl, it will have

the same dimensions as the existing pahel {sce Basic Dési_gn Drawing MPS-
E-02). The voltage of the direct current to operate this breaker panel will be
110 V as in the case of the existing panel.

13.8 kV Genierator Breaker Panel

A generator breaker pancd for cach generator will be installed in the control
room of the gencrator building. A feeder terminal board wilt also be

" installed ¢o provide the connection to the substation.

Generator Control Panel

A central gencrator contro} panel will be installed in the contro} room
of the generator building so that the generating facilities can be centrally
controlled from die control room. The synchronizing operation of the

- generators will also be made from the contro! room.

- Local Control Panel

A local contsol panel will be inslalled beside the generating unit for local
starting, stopping, control, measurement and fault indication.

Excitation Unit

The excitation control system of the brushless thyrister excitation system
will be installed in the generator control panel.

Remote Monitoring Panel

The existing generating facilitics of the Malakal Power Station are remotely
monitored and controlled from the control reom i_h the exisling generator
building. In order to monitor the operation of the new generating wnits from
the same control room, a remote monitoring panel will be installed next to
the existing contiol panel, | o
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g) DC Power Unit
One set of DC power unit for starting, stopping, control, measurement and
indication ‘purposes in relation to the generating unils and auxiliary

“cquipment will be installed in the contro! room in the generator building.
The voltage will be 110V, This unit will serve both new generators,

h) Transformer for Auxiliary Equipment

An outdoor transformer will be installed to supply power to the auxiliary

equipment for the 2 new generators.

i) Earthing Systems
There is no common earthing system at the Malakal Power Station as each
cquiprient has its own earthing system. This practice will be adopted for the
new cquipment and the following independent earthing systems will be
. installed.

- Barthing to protect electrical systems
- Earthing to prevent electric shocks from metal or ¢lectrical cquipment

- Earthing to protect facilities and equipment from lightning

1)) Cabling '

Power and contml cables connccling the new generaling units to the 13.8
kV breaker panel to be installed in the existing substation will be laid to the

_cast side of the existing generator bmldmg_. In view of better workability,
armoured cabling. will be used and dircctly buried except at road crossing
sections where the existing concrele manholes and pi;iing trenches will be
used to protect the cabling. Basic Design Drawing MPS-M-01 shows the
cable routes.

3) Basic Spccnﬁcauons of Major qupmcnt

The - basic specifications' of the ‘major equipment for the gcnera!mg facilitics are
shown_ in Table 2-3-6, they have been decided based on the design principles, design
standards, design conditions and layout plan of the facilities and equipment, ¢tc.
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Table 2-3-6 Basic Specifications of Main Equipment of New Generating Facilitics

Equipment Name

Item No. _ Basic Specifications
L Diesc! Engine Rated Operation : continisous .
' Ouput : generator oulput 3,400 kW
{approx. 4,500 PS)
Revolutions i not more than 720 rpm-
l‘.nginc : 4 stroke eycle, trunk piston type with
turbocharger, water cooling V or L lype
dicsel engine
Cooling Mcthod : radiator system
Fucl Ot : diesel oil _
_________ e Others : comnon bed lype flexible mounting
2. Generator Rated Operation : conlinuous
Rated Output < 4,350 kVA (3,400 kW)
Frequency 1 60 Hz
Phases : 3 phases
Rated Vollage : 13.8kV
Revelutions : not more than 720 rpm
Powei Factor 1 0.8 (lag)
Connection : Y conncction, with neutral tine -
T P __|lnsulation  :ClassF S
3. Mcchanical Systems
31 Fuel Supply System
® Fuel Oil Storage Tank 550 kitotitres, API 650
@ Fuetl Oif Unloading Pump including motor, gear pump and filter (30 m’hr x 3 kg/em?)
@ Fuel Oil Transfer Pump including motor, gear pump and filter (3 m¥%hr X 3 kgfem?)
@ $iuel Oil Service Tank 3,500 litres _
@ fwel Ojl Circulating Pump including motor, gear pismp and filter
® [uel Oil owmeler
@ ¥uel Oit Filter . primary and secondary
@ Fuet Oil Pressure Regulations Vatve
@ Fuel Drain Discharge Pump including motor, gear pamp and filler
® FuctOilDrain¥ank . - .| 100 litres E—
312 Lubricating Oil System

SRS NCN N S

Valve .

Lubricating Oil Transfer Pump
Lubricating Oil Sump Tank

Lubricating O3l Priming Pump
Lubricating Qil Cooter _
Main Lubricating Oil Main Filter
Backwashing Oit Filter
Lubricating Oil Purificr
Lubrica(ihg Ol Pressure Regulating

including molor, gear pump and filter
approximately 5,000 litres

incleding motor and gear pﬁm’p

including automatic temperature control valve
50 micro

.| including motor and automatic discharge unit
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@ Circnil Breaker Panel for Connection to
Trunk Distribution l,i_nc

Item No. m Ejyipm'cni Name Basic Specifications
33 | Cooling Water System _
- 1@ City Water Supply Pump | including motor and ceatrifugal pump
@ Jacket Cooling Water Tank 300 litres
@ Jacket Cooting Water Pump inctuding motor and centiifugal pump
@ Jacket Cooling Watcr Cooler
® Jacket Cooling Water Temperature
" Regulating Valve
® Radiator :
@ Sccondary Cooling Water Pump including motor and centrifugal pump
® Softner . : :
® Chemical Injection Unit 3 kilotitres
® Soft Water Tank 300 kilolitres
@ Expansion Tank
16 Soft Waler Circulating Pump I T U
3.4 | Compiessed Air System '
@ Air Compressor motor operated
@ Air Receiver sufficient capacity to start 3 times in succession
@ AirPressurcReduging Valve |
35 Air Intake and Exhaust System
@ Ventilation Blower
19 Intake Air Duct
1@ Intake Air Filter
| @ Exhaust Gas Stlencer with cxhaust pipe; exhaust outlet noise: 100 dI3 (A) or less
o ® Exhaust Gas Duct : .
36 | Sludge Treatment System
@ Sludge Tank 100 kitres _
@ Sludge Collecting Pump molor and sceew pump (0.5 m'/hr)
® Oily-Waler Separator Tank 2,000 litres’ )
| ® Oily-water Separator Pump motor and screw pump (0.5 mfhe)
| ® Oily-water Tank 2m :
® Waste Qil Discharge Pump motor and screw pump (0.5 m'hr)
& Waste Oil Tank 100 litres
® Oily-water Separator _
@ Oil Check Tark 1,000 litres
® Sludge Discharge Pump o B -
4, Electrical Equipment

24 kV vacuum circvil breaker; 600 A; 60 Hz; 12.5 kA

24 KV vacuum cireuit breaker: 600 A: 60 Hz; 12.5 kA

@ Generator Breaker Panel

@ ‘Motor Control Pancl for Auxiliary sclf-standing type, including auxiliary equipment control
~ Equipment pancl ’

Generator Control Panel sclf-standing type, including AVR panel, auxiliary
_ S equipment operating pancl and synchronising panei

® Remote Coatrol Pancl scll‘-éiand_ing type; same size as the existing panc)

® DC Pawer Source tead acid battery; 110 kV

-~ 1@ Station Transforiner outdoor, self-cooling type; 500 kVA
® Neutral Barthing Panel self-standing type
@ Substation Communsication Panel self-standing type
| ® Primary Pancl of Station Transformef self-standing lype
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4) On-the-Job Training (OJT) Plan
® Purpose of OJT
OJT will be conducted for the purpose of transferring the operation and

maintenance techniques for the equipment, to be installed under the Project to
the Palau counterparis during the construction period of the Project.

The specifications and types of the generating u.nits'sclc_clcd under the Project
have been decided taking into consideration the technical capability of the
Palauan engincers for operation and maintenance. "As far as the basic
technological aspects of the dicsel engine g_cn'cr'aling facilitics are concerned,
there is fittle difference between the ptanrned generating units and the existing
generating unils or between different manufacturers. However, most of the
existing facilities are "old syS!.ems of more than 10 years in age and the
manufacture of some of these facilities has been suspchdcd. In view of the
likelihood that sonié mechanical parts, electrical parts, instruments and systems
combining these items, which constitule the generating facilitics to be
constructed under the Project, are not used in the existing generating facitities,
OJT on the operation and maintenance of the new generating facilities will be
provided for the Palavan engineers. This OJT will be conducted by engineers of
the manufacturers of the equipment selected for the Project and’ delivered to
-Palau during the construction period. Morcover, upgradiong training of the basic
- skills of the Palavan engincets through this OJT should lead to the effective,
efficient and safe operation and maintenance of the new géneraling facilities
~ after their commissioning.

@ Outline of OJIT
a) Typeand Period of OJT

¢ Class room training : approximately one week (at site)
+ Practical Training  : ‘approximately 3 months (at site)

" b) Instructors |
The instructors for the above OFT will be énginceré d_iSbalched by the
manufacturers of the genérating equipment selected and delivered by the

Conlractor and assigned to supervise the equipment installation, test
operation and adjustment. '
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d)

"Trainces

The (rainees of the OJT will be those Palauan engincers listed below who
will be directly responsible for the opération and maintcnance of the new
facilities alter their commissioning. The project implementation body in
Palau (MRD) and PUC must appoint the OJT trainces prior to the
'co_mmcn_ce'ment of the generator unit installation work.

+ Chief Engineer 20

* Operation Staff —  FElectrical Engineer 1
Mccha'nical Engineer
Electrical Techaicians

Mechanical Technicians

Mechanical Engincer

i

2

| 2

+ Maintenance Staff —  Electrical Engincer |
1

Electrical Technicians @ 2

3

Mechanical Technicians

Contents of Training
Class room Training

Using the operation and maintenance manuals and audio-visual materials
(television and video-tapes, etc.), the following basic education will be
condiicted on mainly the generating units. o

« Characteristics and structure of generating unit

+ Basics of operation and maintenance (schedule control; basic concepts of
preventive maintenance; equipment functions; basics of measures to deal
with accidents and breakdowns; spare parts and tool control; drawing and
docutent contrbl)

Practice

“During the cquipinent installation, test operation and ‘adjustment periods,
the following practical training will be conducted.

+ Disassembly and maintenance of cylinder head (mcqhanical)
+ Overhaul and maintenance of fuel valve (mechanical).

+ Grinding ﬁriishing of suction and exhaust vahue (mechanic;ﬁ)
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» Overhaul and imaintenance of piston (mechanical)

. Diszisscmbly and n&ainfcnanée of crank pin bearing {mechanical)
» Maintenance of motor pump (micchanical)

* Cleaning of suction filter and other filters (mechanical)

» Unit starting up and stopping (clectrical) -

’ Bmcrgéncy stopping .in:casc of trouble (electrical)

* Remote monitoring and visual inspection methods (electrical)

(S) Transmission and Distribution Facilities (Transmission and Distribution Network
Extension Plan for 4 Northern States of Babeldaob Istand)

The basic specifications of the transmission and distribution linés to the 4 northern states

of Babeldaob Island, i.e. Ngerchelong, Ngeraard, Ngerdinau and Ngiwal, are shown in

Table 2-3- 14, The following basic principles are applied in the design of these facilitics.

1) Basic Design Principles

@

The new facilitics will be designed to have compalibility with the existing
power nelwork which was constiucted under a previous grant aid project, as
well as to take into consideration the transmission capacily, voltage drop,

minimization of oulage area during accidents, etc,

As a part of the national trunk power line, the new facilitics will be designed to
have high reliability and have acapacily to easily deal with the extension due to
future demand increase.

Efforts will be made to improve the power supply reliability in lerms of a
reduction of voltage fluctuations and the prevention of accidents.

The specifications of the equipment and materials will not exceed the levels of
the existing power network with which Palavan engineers are familiar in view of
the ease and safely of maintenance of the new facilities.

Efforts will be made to select standard equipment and materials and to minimise

the number of items in view of the most economical system design of the

planned facHities.

2) Selection of Routes

The shoitest routes 1o the user areas will be selected so that the new power line is
“economical and easy to maintain. The routes for the plahned 34.5 kV teansmission
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lines and 13.8 kV trunk distcibution lines under the Project are shown in T able 2-3-7.
" The ‘branch distribution fines are shown in Fig. BDT-03. While the materials for the
branch distribution lines will be procured by the Japanese side as part of the Project,

the actual construction work will be conducted by the Palau side.

" Table 2-3-7 Proposcd Power Network Routes

Trunk Linc Route under

Approximate

Statefs)

ipe of Ling 5 : Re
Fype of Line the Project Distance .| - Involved x_marks
@® Asahi Substation 17kin | Ngeremicgui [ A3.5kmscclionof roadin
{constructed by Ngerdmau | Ngeremiegui State is missing but
previous prant aid) - will be constructed by the
Ngerdmau Substation Government of Palau prior 16 the
comincncement of the construction
345KV _ ) | | workunder the Projecl
Transmission | @ Ngerdmau Substation - 9 km Ngerdntau
Line Ngerdard No. | Ngeraard
Substation . ) . R
& Ngeraard No. | 5 ki Ngeraard
Substation - Ngeraard
"No. 2 Substatien e
‘Total . 31 km - ]
® Ngeraard No. 2 14 km Ngeraard Transmission voltage is 13.8 kV
| Substation - Ollel arca | .| Ngerchelong considering the load in this area.
@ Melckeok State - 8 km Melekeok A causeway (some 500 m) in
Ngiwal State ' Ngiwat Ngiwal State is currently under
‘ construction and will becompleted
138 kY by the Government of Palau prior
Trunk to the commencement of the
Distribution construction work under the
Line \ = .  Project i
@ Ngefdmau Substation - 1 km | Ngerdmau
Urdmang Area '
{mounted on 34.5 kV
Mire poles) . i L
Total 23 km

3) Types of Supporting Structures

As the planned power lines run near the coast, they will ‘require -anti-corfosion

measures against salt contamination. Among the supporting structures (concrete

* poles, built-up steel pipe polés.'and,wcoden poles), concrete poles have the highest

level of corrosion sesistance. Given the difficult access fo the construction sites with

"sleep, narrow roads, it will be extremely difficult to transport heavy and long

materials, such as coﬁcr_ctc poles. Consequently, zinc-plated built-up stec] pipe poles
with corrosion resistance will be used in these areas due to their light weight and
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short Icngth in order to shoricn the conslmcllon period and to ensure work safety.
“The planncd supporting structures under the Project are listed in Table 2:3-8.

Tablc 2-3-8 Types of Supporting Structures

Site Category T)’PCST{ uSthlS::::m“?g - Specifi caitirf _Re—njtalks
Gc'nera!_Scﬂion _ concreie pole Total length: 13 m Same spcciﬁcétions_ as
(Nat road with casy access) ' - | Design iead: 700 kgl | existing conerete ' poles
Common Transmission ard coricrete pole Totat tength: 16 m as abave

A Distribution Route Section ' Design load: 700 kaf
(Nat road with easy access) o 1 B | o
Mountainous Section buiit- up steet pipe | Total length: 13 m
(steep road with difficult access) | pole Design 1oad: 700 ke!f

4) Types of Conductors

The present power demand forecast for Babeldaob Island suggests that the r‘eqliired
transmission line capacity will not be lJarge in the immediate future. Once
constructed, however, the power lines cannot be casily replaced and, therefore, it is
necessary to provide enough capacily to meet a future demand increase due to the
development of Babeldaob Island. As the use of various materials and sizes of the
conductor in the comnected network is not preferable from the viewpoint of
maintenance, the conductor specifications of the existing power network have been
_adopted as shown in Table 2-3-9 in view of compatibility and interchangeability.

Table 2-3-9 Types of Conductors’

§inc Category Type of Conductor Size Max, Allowable
_ Current {A)
34.5 kV Transmission Line | AAC (stranded h_ard-dmwn Aluminium) | 150 mm? 430
13.8 kV Distribution Line | HDCC (slrandcd hard-drawn copper) ' 33 mm? 220
NewtralLine fyrremror ottt a1 2e 2| oaam
e | HDCC {stranded hard-draw : k1]
(for both of the above) ) 7(s raq ed har . rgwg copper) mm‘ 220

The voltage dro:p is assumed less than 10% and the transmission- capaéily of the
planned power lines under lhe Pm;cct at the time of a maximum voltagc drop is
shown in Table 2-3-10. :
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“Table 2-3-10 Transmission Cap'acily of 'Pl.ah_nc'd_Powcr Lines Under the Project

34.5kV

Line

5)

NP Approxintate | Transmission .
sine Cat Route .
Line Category o Distance | Capacity (MW)
Aimeliik Power Station - Ngeraard No. 2 49 km Approx. 25
Substation
Transmission Line Malakal Power Station - K-B Bridge - 78 kmi Approx. 15
. | Ngeraard No. 2 Substation
T N era;;h;o.i! Substation - U
3.8 kV Distribu geraar . 5k .4
13.8 kV Distribution Konrel District (northernmost area of 15 km Approx
Ngcrchelong Statc)

Insulators

LP insulators will be used for the straight line poles while for the angled line polesa
combination of suspension insulators and LP insulators will be used to achieve the
maximum economy. The types ahd quantities of the insulators to be used are shown

in Table 2-3-11.

Table 2-3-11 Selection of Insulators

| Type of Insulator
Linc Category | Typeof Pole | 500 1 1p3o Suspension Insulator
3 250 mm)
Msky - | Stoight - L .
Transmission Line | 5p01ed - 1-2 4
13.8 kv Slfaight 1 - -
Distribution Line | Apoteq 1-2 . 2

6) Standard Pdle Interval and Pole Height

® Standard Spans

As described cadlier, concrete poles and built-up steet pipe poles will be used (o
support the powcr lincs to be constructed under the Project. Given the standard
pole length of 10 - 15 m, the staidard pole span is 30 - 80 m depending on the
tensile strength, sag and height (ground clearance) of the suspended conductors.
While it is economical to increase the span of the poles as much as possible, the
actuaj locations of the supporting strictures are determined by the. actual
to;;ographtc conditions in the arca with many meanders and steeps areas,
thereby tending to make short spans. The following standard sp'ms have bcen '
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determined based on the road conditions as welf as the topographical conditions
* of the Project Arca. ' '

Mouatainous Arca: 50 ~60m

Flat Atcas 1 60~70m

@ Ground Clearance and Horizontal Clearances between Line Conductors

In principle, the ground clearance of the: transmisston/distribution lines and the
horizontal clearances between line conductors are determined in accordance
with NESC standards. In mountainous arcas with many trees, lhe ground
clearance will be determined so as to avoid any grounding faults due to contact
between conductors and trees. The clearances will be compatible with those of
the existing lines as sh_OWnrin Table 2-3-12.

Table 2-3-12 Ground Clearance and Horizontal Ciearanceé bet'wcch Line Conductors

. ' Minimumrm Ground Horizontal clearance i
Line Cat ; .
. Anet-ategory Clearance (i) : (mm)
34.5 kV Transmission Line 6.4 ‘1,190
£3.8 XV Distribution Line ' 6.1 825

7) Distribution Substations

Distribution substations with a sufficient capacily to meet the power demand in the
respective distribution area will be constructed near user areas to' transform the
transmission voltage (34.5 kV}) to the disiribulion'vtﬂlage (13.8 kV). The planned
distcibution substations under the Project are listed in Table 2-3-13, On both the
primary and secondary sides of each substation transformer, a fused switch will be
installed to protect the transformer and power lines. In the case ‘of the long 13.8 kV
trunk distribution line from the Ngeraard No. 2 Substation to Ngerchelong State, a
load-break switch for maintenance pusposcs will be installed at’ the boundary
betweén Ngeraard State and Ngerbhelong State.



8)

9

Table 2-3-:13 Di_slribulion Subsiations

Sate | Substation . Specifications ‘Fransforiner Location

Single phase transfi ormer 34.5/13.8%V,
75 kVA x 3, outdoor type

Smglc-phasc transformer 34.5/13.8 kV
25 kVA X3, eutdoor type

3 ph:ssc transformer 34.5/13.8 kV
300 kVA x 1, outdoor type

Ngerdmau | Ngerdmau pole-mounted

Ngeraard | Ngeraard No. 1 pote-mounted

- —

Ngeraard No. 2 pole-mounted

Disiribution Transformers

Pole-mounted distribution transformers will be procured to distribute power from the
13.8 kV distribution lines to users. The capacity of fhesc transformers will be a
uniform single phase, 15 kVA, 13.8 kV/240 - 120 V to ensure mluch'mgcablhty at
the time of a breakdown and 1o simplify the distribution system. The quantity of the
distribution transformiers to be procured is calculated based on the criteria given
below.

+ General users :  one transformer per 10 houscholds

"+ Public facilitiés :  one transformer per facility

Table 2-3-14 shows the number and the location of the distribution transformers o
be procured under the Project. An arrester and a fused switch will be installed to
protecl the tramformcr on the primary side (13. 8 kV side) of cach transformer and
the necessary quanlltlcs of these items will be' procured - under lhc Project. The
Government of Palau is to undertake the installation of the distribution transformers,

" arresters and fused switches and also the procurement and installation of tow vollage

{240-120 V) distribution materials and equipment.

Circuit Breaker Panel at Transmission Outlet

- The planned lransmlssmn lines under the Project will branch oul from the existing

Asahi Substation. When the Praject is completed the power network in Palau will be

~ extended to cover entirc Babeldaob Island. The totat length of the power line will be

greaﬂy increased, rcqulrmg more complex control of the electric power system in
case of teouble than before.
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As it is extremely impcrta}it to swiftly and safely separatc'ihc point of a grounding or

short-circuiting accident from the rest of the sound power network for the continuous

- operation of (he system, an outdoor cubicle type breaker panel will be installed at the

10)

11)

Asahi Substation outlet to protect the system.

An ammeter, vollmeter, watthour meter and other instruments which will become
necessary to control and monitor the power flow will also be mounted on the above

breaker panel.

Prevenlion of Earth Fault

Extension of the power network in Palaw will reguire simplification of the
maintenance work. Fast-growing trees and weeds climb up the power lines and
could possibly result in a groimd fault which lowers the reliability of the system. The
PUC has been making efforts to prevent such accidents through the use of chainsaws
and haichcts elc. 1o cut down the trees and weeds along the transmission and
distribution routes. However, its workload has been increasing, for example, 22
grounding faults occurred in 1995 due to touching and falling of trees or othcrf
causcs. To minimise such accidental contacl, a climber protection device which is -
normally used for transmission and distribution lines in mountainous regions in
Japan will be altached on the pole support siay wires where the use of such a device
is deemed uscful in order to reduce the maintenance cost and to prevent casth faults

caused by climbing creepers or ivies.

Specifications and Quantity of the Equipment and Materials

“Table 2-3-15 shows the specifications and quantities of the equipment and materials -

which will be procured under the Project.

The actual quantily of conductors and electric poles for the construction should be
determined based on the detailed topographic maps.

‘Therefore, the quantities as shown in the Table include a 5% allowance added to the

quantity which has been determined by using a 1/25,000 scalc map.

The specnﬁcauons of the planned cqmpment for the power lransmission and

distribution network are ‘similar o those of previous pmJecls and the Palau side has
been operating and mamtammg such equipment with no major trouble or

breakdowns. In view of this, the cqulpment involved in the powcr network extension
work will not be mcludcd in lhc scope of the OJT. .



Table 2-3-15 Specif ications of Equiprient and Materials to be Procured for

Power Network Improvement Plan

Equipment/Material

" Quantity Spécifications
1. 34.5 kV Transmisston Line Construction Work
(1) Transmission Conductor 93,990 m | AAC (stranded hasd-drawn aluminiom wire), 150 mm?,
. _ _ for 3-phase
(2) Neutral Conductor 31,330m | HDCC (s!randcd hard-drawn copper wire), 38 mm?
(3) Electric Poles -
13 Concrete Poles 24 nos Ilelght. 16 m; design load: 700 kgf, 34.5/13.8kV lines
58 nos Height: 13 m; design load: 700 kgf
2} StectPoles 332 nos | Height: 13 m; design load: 700 kgl
(1) Lead Breaker Switch § st For 34.5 kV line, 3-phase
(5) Distribution Transformer Eset [ 34.5kVi240: 120V, 15 kVA, single phasc with fuse -
e e swilch L
2. 138kV Distribution Line Work. : _
(1) Suspended Distribution Conductor 68,960 m | HDCC {stranded hard-drawn copper cable); 38 mm?;
: .| for 3-phase
(2) Suspended Neutrat Conductor 22,990 m | HDCC (stranded hard-drawn copper cable); 38 mm?
(3) Llectric Poles
1) Concrete Poles 240 nos | Height: 13 m, design load: 700 kgf
2) Steel Poles 188 nos | Height: 13 m, design load; 700 kgf
(4) Load Breaker Switch I set For 13.8 kV line
3. Sub-Station Work . :
(1) Ngerdmau Substation I set * Transformer @ 34.5/3.8 kV single phase
60 Hz 75 kVA % 3
* Cutoul switch
with fuse for 34.5kV: § set
‘ for 3.8 kV: 1 set
» Arrester for 34.3kV: 3 sets
' for 1I3.8 kV: 3 sets
(2) Ngeraard No, 1 Substation ¥ set s Transformer @ 34.5/13.8 kV single phasc
] 60 Hz 25 kVA x 3 sets
* Culoul switch _
with fusc for 345 kV: 1 set’
for 13.8 kV: 1 set
* Arrester for 34.5 kV: 3 sets
; ' for 13.8 kV: 3 sets
" (3) Ngeraard No. 2 Substation 1set |+ Transformer : 34.5/13.8kV 3 phase
' 60 Hz 300 kVA X 1 sels
* Cutout switch o
with fuse for34.5kV:1 set
for 13.8 kV: I set
= Arrester for34.5kV:3 sets
for £3.8 kV: 3 sels
(4) Asahi Substation t panel = Circuit D 34.5kV 600A, with ammeter,
[ (34.5kV transmission linooutlct) o breaket panel  voltmeter and watthour meter
4. Eqmpmenland Materials for Distribution Line :
(to be installed by Palau side)
- (1) Distribution Conductor: 70,190 m | HDCC (stranded hard- drawn copper wire), 38 mm? ,
(2) Suspended Neutral Conductor 23,400 m | HDCC (stranded hard- drawn coppcr wire), 38 mm?
"(3) Electric Poles 321 nos | Concrete poles
70 nos Steelpoles
{4) Distribution Trans{ormer _ Steel pole 13km (Ngcraa:d No 1 §8- Ngkelau)
1} For 34.5kV Transmission Line 1 (spare) | 34.5 kV/240- 120V, 15 KV A, single phase with fuse
: . | switch
2) For 13.8 kV Distribution Line 49 (inchuding] 13.8 kV/240- 120 V, 15 kVA, smglc ph'asc with fuse
o : - 4 sparcs) | swilch
(5) Other Spare Pasts I sel * L.oad breaker switch (for 34 5 kV) 1 set

« Load breaker switch {for 13.8 kV): 1 set

40 -
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(6) Basw Dcﬂlgn Drawings *

-~ The followmg basic desngn drawmgs have been pnpwrcd for the Project.

b Malakal Power Station Improvement Plan

MPS-M-01  General Arrangement of the Site

MPS-M-02  Generating Facilitics Layout Plan

MPS-M-03  Flow Dihgrain of Fuel Oil System

MPS-M-04  Flow Diﬁgram of Lubricant Oil Systein

MPS-M-OS Flow Diagram of Cooling Water System

MPS-M-06 - FJOW Diagrahl of Compressed Air System
MPS-M-07  Flow Diagram of Intake Air and Exhaust Gas System

MPS-E-O1 Single Line Diagram for Malakal Power Station
MPS-E-02  Substation Arrangement

MPS-B-01  General Layout Plan for Civil and Building Work
MPS-B-02  Fiiish Schedule for Generator Buildiog
MPS-B-03  First Floor Plan for Generator Building
MPS-B-04  Second Floor Plan for Geaerator Building
MPS-B-05  Scction Plan for Generator Building

MPS-B-06  Elevation Plan for Generator Building

2) Transmission and Disiribution Network Extension Plan for 4 Northern States of

‘Babeldaob Istand

BDT-01 Planned Transmission and Distribution Routes

BDT-02 Single Line Diagram for Transmission and Distribution Network
BDT-03 Work Demarcation of Transmission and Distribution Network

BDT-04 ‘Typicat Arrangement for Supporting Structare
(34.5kV (‘oncrcte Pole)

BDT-05 Typical Arrangement for Supporting Slmclur«, (34.5kV Steel Po!e)

BDT-06 Typical Arrangemcm for Supporting Structuse
- {13.8kV Conerete Pole)

" BDT-07 . Typical Arrangemént for Supporling Structure (13.8 kV Steel Pole)

BDT-08 Asrangement for Ngerdmau and Ngeraard-1 Substations
' (Single Phase Transformer X 3)

BDT-09 Arcangement for Ngeraard-2 Substation
(Theee Phdsc Transformer X 1 unit)
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CHAPTER3 IMPLEMENTATION PLAN

Implementation Plan

3-1-1  Implementation Concept

The Project will be implemented within the framework of the grant aid system of the
Government of Japan. Accordingly, the Project will only be nuplcmentcd after its approval by
the Government of Japan and the formal Exchange of Notes between the Government of

Fapan and the Goverament of Palau. The basic issues and special points for consideration for
“the implementation of the Project are described below.

(H

Project Implementation Body

The organization responsible for the iniplementation of the Project on the Palau side is

' s the Ministry of Resources and Development (MRD) which:t)pcrdtes-and controls public'

‘be selected by the Governiment of Palau in accordance w:th Japan’s grant aid system. For |

services, mainly power supply', water supply and sewcrage services.: Following the
éomplelion of construction work under the Project, the Public Utilitics Corporation

(PUC) will be rcspbnsible for the operation and illaitllcnaﬁCc of the newly consiructed

facilities and ‘equipment which forms part of such facilities. Consequently, in order to
casure smooth’ implemeniation of the Project, the MRD and PUC should have close -
contact and consultation with the Japanese Consultant and Conlractor, both of which will

this reason MRD and PUC should sclcc! a pcrson to be rwponsnblc for the

: j1mplcmcmfitmn of the Project.

(2)

‘The person sclected as the overall project manager will be required to cxpl:iin the

contents of the Project to staff members of the Malakal Power Station and inhabitants of

“the 4 northern states of Babeldaob Island in order to obtain their coopcrahon for the

Project which will be 1mplcmemed at the said powcr station as well as in lhc said states.

Consultant

In order to construct the planned facilities and to procure the planned equipmcnt:undcr
the Project, the Japanese Consullant will conclude a consultancy 1gn,cmenl wilh ‘the

Government of Palau and will conduct the defailed design and supervision of the site

work for the Pro;ec t. The selected Consultant will prepare the tender documents and will
exccute the prequalification and tender on behalf of the project implementation body.
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(3) Contractor

The Contractor, which will be a Japanese corporation selected by the Government of
Palau through open tender in accordance with Japan's grant aid system, will conduct the
construction of the planned facilitics and will procure and install the planned
equipment/materials. Asil is decmed necessary for the Contractor to provide after-care in
terms of the supply of sparc parls and the repair of cquipment breakdowns in regard fo
new facilitics and equipment, the Conlfractor must pay proper attention to continual
tiaison with the PUC,

(4) Dispatch of Japancse Supervisors

The power slation consleuction work under the Project will be very complex in that
building work and generating unit installation work will be simultancously conducted
and, therefore, proper coordination between the foundation work and instaltation work,
cte. will be essential. These requiréments make the dispatch of a site manager from Japan
imperative to provide consistent management and guidance on schedute control, quality
coitrol and work safety.

The construction work under the Project will, in fact, consist of various types of work and
there are few local skilled workers {!cchniciahs) for steel-framing work, air-conditioning
work, plumbing work and electrical installation work: Accordingly, the Contractor witl
be required to dispatch Ja]}:{nésc chiucers to supervise the schedule control and quality
comrol etc. Generaling unit installation demands wide- -ranging knowledge and high
skills on the part of workers for the functions and designs of generaung facilities makmg :

it nocess:uy for the gencratmg unit manufacturer to- dlspatch experts 10 superwsc the
installation and test nmnmghdjmlmenl of the gcner'mng facilities.

3-1-2 Implementation Conditions

(1) Construction Work in Palau
-1} Useof Local Construction Companies and Dispatch of Supervisi:ng Engineers

There are approximately 10 construction companies in Koror, most of which are
smatl wuh 100 - 200 workers and run by American or Korcan owncrs etc. Most of
the engineers and workers employed by these companics arc foreigners, mamty from
the Philippines (approxnnalcly 75%) and Taiwan/China (approxlmately 10%) Only

a few Palaumc work in the construction mdustry “When 2 large constructlon ptoject
is Jaunched, engineers and workers are recruited for the p[O_]CC( Accordmgly, the -
capability of local construction com pamcs is not high and the wse of local companies
for the Project will mainly focus on the supply of workers,
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2)

Even though the construction work under the Project, i.c. installation of generating

units and construétion of transmission and distribution lines, is not particularly
difﬁcult,: engineers and technicians will be dispatched from Japan for making the
construction plan, schedule control, quality control and start-up ddjustment,

Procurement of Construction Machinery

* Asin the case of engineers referred to above, there are few construction machines in

the market in Palau and the leasing cost is qmtc high. Accordingly, the procurcnient
of vehicles for transportirig the construction equipment and materials and pole
erection machinery, etc. in Japanor a third country is planned.

In the case of the power line construction work in the 4 northen states of Babeldaob
Island, the installation of a small power generating unit at the workers' camp site
must be considered due to the absence or shortage of power.

(2) Poiirts to be Noted for Work Plan

_-]}

- 2)

Power Station Improvement Plan

The equipment and materials for the new generating facilities will be unloaded at
Port Malakal, which lacks appropriate unloading facilitics for the diesel engines
(approx. SO tons cach). Morecover, a low bed trailer for the transportation of the
equipment and materials from the port to the construction site cannot be hired in
Palau. It will, therefore, be necessary to plan the use of a cargo vessel or barge |
:equipped with a farge crane for the transportation of the eguipnient to Palau and a
low bed trailer for inland transportation. As there is no large mo‘mle crane in Palau, it
will. be necessary 1o plan . to install the heavy cqmpmcm on their rcspeclwc '
foundations using hydraulic jacks and rolters. '

Power Line Construction Plan

The monthly rainfall in the 4 northern states of Babeldaob Island where many of the
ncw - transmission and distribution lines will be constructed can excccd 300 mm

~ during the rainy season from May to September. As the local roads are unpaved (not

even gravel roads but clayey dirt roads), narcow and have many sharp curves and

~undulations, continuous rain over a few days can make these roads almost

impassdblc‘ even for 4 wheel- drive vehicles. Accordingly, avoidance of the rainy
scason if posstblc for the transportation and delivery of the cqulpment and materials
(o the project sites is important. Further consideration is rcquurt,d for the partial usc
of the built-up steel pipe poles instead of concrele poles to ensure the safely and ease
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'of ltansporta!ion and construction work. In regard to those construction sites which
are far from Koror, the use of a barge to transport the equipmient and materials by sca
will be necessary. '

Given the fact that the new transmission and dislribution lines will be constructed
along the existing roads, the Government of Palau should complete the construction
of the road between Asahi subﬁtahon to Ngerdmaw state, and upgrade the existing
' carlh roads 1o at Jeast gravel roads fell obstructing trees and s!rengthen the existing
road bridges, cte. o a fevel capable of supporting the heavier traffic associated with
the consiruction work under the Project prior to the commencement of the said

construction work.
3-1-3  Scope of Works

The scope of work (o be undertaken by the Goverminent of Japan and Government of Palau is
shown in Table 3-1-1. Of the 8 gencrating units installed in the existing generator building of
the Malakal Power Station, 5 are out of opcration due to either breakdown or ageing and their
- removal is planned by the Government of Palau. As this removal will creale space in the
existing generator building for the storage of spare parts, expendables, maintenance tools and
~ repair machines to be procured under the Project, no storage space for these items will be
planned in the new generator building to be constructed under the Project. The work to repair
the existing generator building will be included in the scope of work to be conducted by the
" Government of Palau tog'c_lhcr with the demolition of the existing workshop.

~ Of the work relaled to the power line construction, construction of the 34.5 KV transinission

lines and- 13.8 KV trunk distribution lines will be conducted by the Japanesc side while the
‘branch 13.8 kV distribution lines to supply power (o users in villages, etc. will be constructed
by the Palau side with the necessary equipment and materials being procured and supplied by
the Japanese side. This has been concluded based on the judgement that relatively 'well
developed roads in the branch line arcas will allow the Government of Palau to complete the
planned construction work (branch distribution lines) by ils own efforts within the project
period.

~ The Govermment of Palau is also sequired to procure and inistall low voltage wires, watthour
meters and external lighting facilities, ete. as in the case of the previous project.
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Table 3-1-1 Scope of Work

*Work ltem

Palau

Remarks

1. Malakal Power Station Inprovement Plan

1.1 Common ltems

) Dcmo!mon of Existing Wo:kihop Bua!dzng

(2} Provision and Preparation of New Generator
Building Site

(3) Provision and Préparation of Sites for Main
Fuct ‘Fank, Radiator and Auvxiliary
Equipment, elc. .

(4) Work Related to Water Supply, PowerSupply
and Telephone Extension for Construction
Work

(after TP“)

(upto '}P)

TP; Terminal Point

(5) Payment for Water, Power and Telephone
Bills for Construction Work

“(6) Payment for Test Run Fuet, Lubsicating Qil
and Water

(7) Payment for Fuel, Lubsicating Oit and Water
After Connection (o the Network

(8) Repair of Existing Generator Building

After connection to

disteibution system

Workshop and spare parls
storage

(9) Provision of Site for Temporary Facilities
(Site oftice, Stock, Yard, elc. with Free of
Charge to the Contractor

1.2 Building Work

(1) Generator Building

(2) Main Fuel Tank Foundations and Oil
Retaining Wall

Cio

(3 Geacrating Unit and lts Foundations

lncluding the foundations
of radiators and station
segvice iansformer elc.

(4) Equipment and Fuel Delivery Road

(5) Paving of Existing Road (as indicated on
drawing)

{6} Cable and Piping Trenches Rc!atui to the
Pro,ea:l

(7} Independent ‘Toilet Facititics with Septic Tank
and Infiltration Tank

(8) Building Services Related tothe Pro_;eci
{Lighting, Plumbing, Ventilation and Fire-
Fighting, etc.)

ol O O 00

- (9} External Lighting for Sccurity and
Maintenance

1.3 Generating Facilities

“(h Procuremenl and Installation of Diesel Engme
Genesators (34MW x2)

{2 Procurement and lnslallatmn of Mechanical
ltems for (1) - :

(3) Procurement and Instatiation of Electrical
{1ems for (2))

" {4) Procurement and Instatlation of Circuit
Broaker Panel for Connection with the .
Transmission Line

el OF O ¢ O
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Worik ltem

Palau

Rema

rks

(5) Procurement and Installztion of Main Fuel
Tank and Fuel Service Tank

(6) Procurement and Instaliation of Earthing
__ Equipment Related to the Project

(7} Procurement of Repair Machines Rela{ed to
the Pro_;tct

(8) Procurement of ’I‘cs!:ng and Rep.m Tools
Related to the Project .

Installation

Storage

(9 Procurement of Spare Parts and Consumables
Relaled o lh‘, ijccl

Storag‘,

QO) Prmmon ol' oir

Panticipation

2. Transmission and Distribution Network
Extension Plan for 4 Northern States of
Babcldaob !%land

2.1 Common ltems

(1} Construction of Road Between Asahi 8/S and
Ngerdmau State -

Incompleie section

@ Repair of Existing Roads (Gravel Paving and
Side Ditch Constmclzon ete.)

(3) Prowston of Land for Pole lnﬂiaﬁallon

(4 Pmusron of Substa!mn Sites

5 Fdlmg of Trcg._s Dbs_(ruc!mg Poles Installation

|

{6) Repair of Existing Road Bridges (1o make
them capable of supporting a foad of 10 tons)

(7) Provision of Stock Yard and Free Loan to
Japanese Side

(8) Provision of Land for Site Office and Camp
and Frce Loan Lo Japanese Side

(9) Application for and Obtaining of
Environmental Clearance of EQPB

o ¢l ol oloioiol o o

2.2 Transmission and Dtsmbutlon Lines

{1} Procuremant and Tnstaliation of 34.5 kV
Transmission Lines

{ncluding poles,
insulators, arms and
conductors, ete.

(2) Procurement and Instaltation of 13.8kV
Trunk Distribution Lines

O

Same as above

{3) £3.8 kV Branch Distribution Lines

(C)] Connu:non 0 34.5 kV Line at Asahi 8/8 and
xisting 13.8 kV Power Line in Melekeok
State

Procutement and
delivery at respective
port

Intand transportation
and instaliation

Same as above

O .

- {5) Procitrement and Installation of 34.5/13.8kV
Suh:ta[loas (3 su’oslahons)

O

(6) Pole—Mounted Transforimers and Chmbcr
Prevention Device

7 (7} Procurement and Insiallauoﬁ ol’ Low Voltage

N {3-191120 Y) Distribution ngs

“(8) Procurement and Instaliation of Watthour
Meters for Users

Procurement and
_ installation (0 Lrunk
dlstrlbuhon lines

“Installation to branch
distribution lines

o

O

(9} Procurement and Installation of Strect

Lighting, ctc.
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3-1-4  Consultant Supervision

The Consultant will or'ganizé' the project team in accordance with Japan's grant aid system and

the concept and principles of the basic design in order to smoothly proceed with the

implementation of the Project. The Consultant will also appoint at least one full-time oR-site

cngmcer to supervise schedule control, quality control and Safety contro! and will dispalch

other expert engineers in accordance with the progress of the installation, test running and

adjustment and delivery testing, etc. to supervise the work conducted by the Contractor. -
Furthermore, the Consultant will arrange for Japariese experts to attend (he inspection of

equipment manufactured in Japan or a third country at the manufacturing and pre-delivery

stages to prevent the equipment from having possible troubles after delivery to Palau.

(1) Supervision Principles

The Conisultant will supcrvise the work progress (o ensure punctual completion within the
planned period and will supervise and guide the Contractor ifi ordeér to achicve the work
quality indicated in the contract without any trouble at site. The main points to be noted
for the supervisory work are described below.

1) Schedule Control

The Constltant will make weekly and monthly comparisons between the actual work

progress and the contract schedule submitted by the Contractor at the time of signing - . | :

the contract in terms of the following items. If the Consultant forcsees any delay of
the work, he will issuc a warning to the Contractor, requesting that the latter submit a
remedial ptan in view of completion of the werk within the planned work period.
@ Quantily of work conducted

@ Quanlity of equipment and materials delivered

@ Work cfficiency and actual number of enginecrs, technicians and workers

2) Quality Control

The Consultant will supervise the Contractor in the following so as to adhere lo the
quality of the facilitics and equipment indicated in the contract documents (technical
specifications and detailed design drawings, ete.) If the Consultant de¢ms that the
quality does not meet the requirements, he will demand that the Contractor should
correct, change or mod;l’y the siluation.
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Checking of shop drawings and specifications for equipment -

Checking of faclory inspection results for equipment or attendance at shop
inspection '
Checking (_Sf installation manual, site aperation, Inspection and test manuals and

wdrking drawings for equipment

Supervision of site installation of equipment and attendance af test running and
inspection

Checking of building working drawings

Comparison between building working drawings and completed work

3) Safety Control

The Consultant will discuss and cooperate with the represeitative of the Contractor

with a view to supervising the on-site construction and installation work to prevent

any accidents to workers with due attention paid to the following safety control

principles.

® Establishment of safety control rules and selection of a person responsible for
work safety

@ Prevention of accidents to workers by means of periodical inspection of the
construction machinery

® Introduction of travelling routes for work vehicles and construction machinery,
cte. and thorough enforcement of slow driving on the site’

@ Enforcement of welfare measures and day-offs for workers

(2) Project Implementalio.n Regime

The project implementation regime is shown in Fig. 3-1-1.
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[ Governmeat oflapanl «— Governmeni of Palau

.

- MRD
-PUC
A
* Approval of Detailed Design
» Approval of Tender Documents Censultancy .
* Cetification of Agreements Agreement Construction
* Repotting of Work Progress Contract
A
Work Supervision
Fapanese Consuliant < > Japanese Contractor
» Preparation of Detaited s Procurement, Transporiation
Design Documents and Tnstallation of Equipment
* Preparation of Tender and Materials
Specifications = Construction of Buildings, efc.
* Execution of Tender » On-Site Tesling and Delivery
Opening and Evaluation of Completed Facilities to
* Work Supervision ' Palau Side

s Provision of OIT

Note:  The consultancy agreement and construction contract must be verified by
the Government of Japan.

Fig. 3-1-1 Project Implementation Regime -

(3) Work Supervisors

The Contractor will employ a tocal construction company or a co:nslmclion cdmpany ofa:
third country as a subcontractor to conduct the construction and installation work in‘_
accordance with the construction contract. It will be necessary for the Contractor to

dispatch engincers with experience of similar work abroad to Palau to supervise }hie

subcontractor with a vic\»;_lo ensuring the strict enforcement of schedule control, quality

control and safety control by the subcontractor.

Given the size and contents of the Project, the Contractor's appointment of at least the

following full-time on-sile engineers is preferable.

« Site Office Manager -~ (1) : _gencral management of on-site work and incharge of
OJT

‘s Generating Engineer (1) :  instruction on and schedule control of generating unit
installation work -

¢ Power Transmission ~ (1) : -~ instruction on and schedule contro! of power grid
and Distribution Engineer ~  installation work S
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In addition to the above; the dispatch of caginecers will be required in accordaice with the
“progress of the work. These engincers will include, chuipmcnt installation supervisor and
conumissioning test engineer.

3-1-6 Procurement Plan

The  equipment and materials for building construction, _gcncﬁlin_g cquipnient  and
transmission/distribution equipment and related materials to be used under the Project are not
manufactured in Palau. Although some imported construction equi[:;mcm and materials from
Jepan and the US, etc. arc available lbcally, it will be cxtremely difficult to secure the
required quantities of the steel frames, external wall materials and building service materials
for the generator building let alone the generating units and power gfid equipment and
malerials in the loéal market in view of the size, contents and design specifications of the
Project. Accordingly, the equipment and materials used for the Project will be procured in the
following manner. |

(1) Construction Materials, to be Procured in Palau

Ready-mixed concrete, Cement, Sand, Aggregates for concréte, Concrete blocks,
Reinforcing bars, Timber, Paint, Plywood, Nails, Petrol, Diesel oit, Smal} vehicles,
Mobile crane (15 - 20 tons), other materials for temporary structuces

(2) Equipment and Materials, to be Procured in Jap'an

1) Construction Equipment and Materials
Building materials such as roofing and wall matc’rials, cte. and building facilities
such as air-conditioning equipment, ctc.

2) Equipment and Materials for Generating Facilily
Diesel engine generaling facility, Auxiliary equipment, Etectrical equipment, Fuel
piping materials; Cablés, etc. '

3)' ‘Transmission and Distribution Facility

Distribution materials such as electrical poles,” conductors, insulators, ctc., and
substation equipment such as distribution transformer, cutout switch, cte.

(3) Equipment and Materials to be Procured in Third Country

The possibility of procuring materials, ele. for the Project from 2 third country was
examnined at the field survey stage, at the subsequent analysis stage in Japan and at the
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project cost estimation stage. However, the procurement of materials, etc. for the Project
from a third country was decided against due to the following reasons.

1) Bquipment and Materials for Generating Facility
@ US Products

There is a tendency among US generating facility manufacturers not to
' nianufaclure medium-speed diesel engine generators {continuous rating at 720
pmi or less) which are required for the Project. Instead, they mainly:
manufacture high-speed (1,000 - 1,500 rpm) generators wilh short-time rating.
One manufacturer indicates the availability of medium-speed engi'ncs jn its
catalogue but has not produced ma'ny such engines. This manufacturer may
accept an order but would require to start from the design stage for a new order.
Given the fact that the required enginé gencrators are not part of its standard
-manufacturing line, it will be extremely difficult for this manufacturer to
deliver, install, test and adjust the units wilhin the time-scale of Japan's grant aid
system and to hand them over (o the Palau side. Even if this US manufacturer
could meet the delivery deadline, spare parts and expendables would have to be
specially made as in the case of the generating units themselves. This could
mean a long wait for the delivery of such items after commissioning of the new
gencrating uﬁils and the -operation of the generating units could be hampered
due to such a lengthy delivery time and the possibly high price of spare parts,
ete.

@  European Products

" There are scveral mantifacnjrcrg in Burope ivhich manufacture generating uRits
which meet the specifications adopted for the Project. In fact, the gencrating -
units of the existing Aimeliik Power Plant were made in the UK. However,
Furope is geographically quite far from Palau and the long delivery time
(estimated to be double the delivery time from the US) means that it would be
difficult for any manufacturer to deliver and conduct the final hhnding over
“within the time-frame of Japan's grant aid system. Moreover, the actual delivery
records of spare parts and expendables to the Aimeliik Power Station from the
UK show that it usually takes approxi mately 6 months for delivery to be made
after order placement,: making the PUC struggle to maintain the plant operation
“schedule.

Based on the above analysis results, the generaling units, auxiliary equipment and
electrical cquipment, elc. required for the Project will be procured in Japan.
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2) Equipment and Materials for Transinission and Distribution Network
@ Procurenient in Guam

The concrete poles commonly used in Guam are octangular reinforced conciete
poles. Compared to Japanese prestressed concrete poles, those in Guam are 1.5
(0 2 times larger in diameter and 3 to 4.5 times heavier. Due to the mountainous
of hilly topographical nature of the 4 northern states of Babeldaob Island and the
unpwcd roads with: many undulauon‘; and curves, it will be quite difficult to
transport the concrete poles made in Giam to the construction sites. These poles
are’ also not recommended from the onWpoinl of work safety and workability.
Built-up steel pipe poles afe unavailable in Guam and it will be difficult to
arrange their procurement there. The stock levels of cables, wires and insulators,
etc. in Guam are low duc to the small scale of power netwoik constitic tion work.
The procurement of thes¢ itenis inay be possible from the US via ‘agents in
Guam but the long transportation distance from the ‘US is considered a
disadvantage in terms of the prompt detivery and after service of the procured
| equipment, etc.

@  Procurement in Singapore

As the distribution lines in Singapore are mainly buricd underground concrete
poles, elc. are not locally produced. The same apphes to built-up ‘steel pipe
poles. While cables, wircs, insulators and accessories are produced locally, the
-speciﬁc'ations arc based on British standards. Consequently, theése products
cannot be used for the power network in Palau which .is constructed in |
accordance with US and J apanese standards.’ Smnlarly, substation cquipment is
produced to meet Brmsh standards and will, therefore, be mcompaublc with the
'exmlmg equipment in Palau’ which was provided under the previous grant aid
project.

@ Procurement in Phlllppmcs

The Ph:hppmcs is not very far from P'dau and produccs a wide range: of
industrial products. While it was previously thought foas:h!o to procure cables,
and wires etc. from the Philippines, it was found that the product ranges of cable
and wire manufacturers in the Phlhppmes do riot include ¢lectric wires which
are suitable for the Project. Simitarly, no distributing concrete poles or buitt-up
steel pipe poles to meet ihe specifi ca(:ons sct by the Project are produced in the
Philippines. '

~78 ..



Based on the above analysis resulls, Japanese equipment and materials for the
transission and distribution lines will be procured and their specifications will be
the same as those under the previous grant aid project with which Palavan engineers

are familiar.
3-1-6 - Implementation Schedule

Following approval of the implementation of the Project by the Governmcnt of Japan, the I/N
will be signed by the lwo governments to comnience the actual implementation process of the
Project. The construction work under the Project will largely consist of 3 stages, ic. ®
detailed design and preparation -of the tender documents, @ tender and signing of the
construction contract and @ building construction, and procurement and installation of

equipment and materials.

The Project has 2 components, ie. .imp:rovemcm of the ckisling power station and the
clectrification of non-clectrified arcas, and will be implemented in the following 2 phases in
view of the work size, contents and urgency of each component. Fig. 3-1-2 shows the project
~implementation schedule. ' |

Phasc Work

I. Malakal Power Station Improvement Plan
(1) Construction of generator building, etc.

(2) Instaltation of two gencrator units (3.4 MW) with main I‘ucl oil tank, aux:hary
equipment and clectricat equipment

First Stage 1. Transmission and Distribution Line Extension Plan

(1} Conslruction of lransmlssmn lines (34.5kV): promremem and ms!al]atlon ol'
equipment and materials

- (2) Construction of trunk distribution lincs (13.8 kV): procurement of equipment and
materials only

&) Procurcmcnl of bra nch distribution lines (!3 8 kV}: proc urement ¢ of maierials only

Sccond Stagc 1.Transmission and [}lslnbutmn Line Fxlcnsaon Plan
(l) Construction of trunk dnslnbuuon lines (13.8 kV): inslallation work only

(2) . Construction of substations: installation work only
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12| 3lafslefl7]8] s|i0]n]12
Field Survey)
Detailed -1
Design 1 work lnlagi:m
' Field Vedfication
) |
Trénsponalion
. | '
Phase Manufaciute
| Generating’ _ _
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317 Obl.ig'ations of Recipient Country

" The Government of Palau has the obligation to provide and conduct the following items

regarding the implementation of the Project.

(1

(2)

To Provide necessary data and information for the Project.

To ensure speedy unloading and customs clearance of the goods for the Project at port

- and/or airport of disembarkation in the Republic of Patau.

o)

“supply of products and services under the verified contract(s) such facilities as may be

@

5)

(6}

0

(8

(9)

To accord Japanese nationals whose services may be required in connection with the

“necessaty for their entry into the Republic of Palau and stay therein for the performance

of their work.

To exempl Japanese nationals from custom duties, internal taxes and other fiscal levies
which may be imposed in the Republic of Palau with respect to the supply of the products -
and services under the verified Contracts. And to take necessary measures for such tax

cxemplion.

To bear commissions to the Japanc&, foreign exchange bank for the banking scrvices
based upon the banking arrarigement,

To bear all the expenses other than those to be borne by the Grant Aid necessary for the
execution of the Pr:ojcct. ‘

To assign exclusive counterpart engineers and technicians fo the PrOJect in order to
tr'msfer the operation and maintenrance technique for the Project and to witness and
confirm construction works and qualitics of equipment and inaterials when inspection is
carried out.

To usc and maintain properly and cﬂecuvely all the facililies construcled and equipment
and materials pun,hased under the Japan’s Grant Aid.

To secure and provide 6lca;éd, c:ﬁbankcd,'_ leveled land and access road for Malakal

- power plant as well as the securing of roads and the cutling of trees neccssary for the

construction of _pd\ver transmission and distribution lines, prior to the commencement of

- the construction for the Project.

(10)

To construct incidental outdoor faci'lilic"s, bdunda:y fence and entrance gate at Malakal
power plant by the completion of the construction for the Project.
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