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3. Present Status of Power Plant Facilities
(1) General

~ The frequency of shutdowns of Units No. 1 to 6 of Mak-Ban
Geothermal Power Plant in 5 years from 1986 to 1990 was 239
times and the total shutdown days were 839, which is
equivalent to 7.7% of the total operating days as shown in
Table 6-~2-6. (A plant shutdown of shorter duration than one

day is counted as one day.)

The causes of shutdowns are claséified in the following:

(The ratio is shown in the percentage of shutdown days.)

Cause of the Plant Shutdown Ratio
Plant overhaul /maintenance 58.8%
Plant electrical system faults 16.3%
Cooling water.pipeline troubles 8.3%
Hydrogén gas cooler cleaning 5.52

Troubles of PGI steam supply system ' 4.2%
Condenser vacuum low 3.92
Spark of generator slip ring carbon brushes 1.37
Governor system troubles - 1.32
Poﬁer System faults ' : 0.52

(2} Mechanical Facilities
a. Plant Overhaul and Maintenance

The shutdown days for the plant overhaul accounts for
nearly 60X of the total shutdown days. The number of
days required for one ovéfhaul is generally a matter of 4
weeks, but more.days are needed if the conditions of
turbine rotor are serious. The_nmximum number of days

. recorded in this power plant is 12 weeks.
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(3)

b. Cooling Water Pipe Troubles

Cooling water pipeline troubles and condenser vacuum low
are caused by the pipe material. Cleaning of hydrogen
gas cooler becomes necessary to restore the coefficient
of overall heat_trénsmission of the heat exchanger tubes

by removing the algae growth and sludge.
¢. Troubles of PGI Steam Supply System

Same as in Tiwi Geothermal Power Plant.
d. Governof System Trouﬁlés

Same as in fiwi Geothermal Power Plant.
Electric Facilities

The plant elecfriq_faciiities are groﬁpéd into those within
the powerhpuse:and those in the switchyard. Problems common
to both facilities in this power plant are corrosion of
COnductqrs, terminals, insulations, supports, overhead ground
wires, etc., due td.st gas cbntgined in the non-condensable
gas (NCG), which cause mis-operation of relays, mél-operation
of the equipment, broken cables, insulation breakdown of

insulators, etc.

Mak-Ban Power Plant is lqchted in Laguna Province in Luzqn
Island, and it is cohnectéd'with-the ma jor power demaﬁd ares
of Metropolitan Manila by felaiively_short transmission lines
of abdut 70 km. Probability of plant trips due to
transmission system faults is relatively low as compared with

Tiwi waer_Plant.
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The problems with electric facilities and countermeasures are

discussed in Subsection 4.

The frequency and number of days of the plant trips by the
causes are shown in Table 6-2-7 "Summary of Plant Shutdowns".
Most problems occurred in Plants A and B, and practically no

problem was experienced in Plant C.
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4,

Problems with Power Plant Facilities and Countermeasures

(1)

Mechanical Facilities

8.

Overhaul

The steam quality at Mask-Ban Geothermal Power Plant has been
improved since the commissioning, and further in 1990,
the steam scrubbing system was added.and'gqod results are
obtainéd. ‘Based -on the operation records to date, it is
judged that the safety of thé-plant-will be maintained
with the overhaul once or twice a year. Actually,
however, there occur the sticking of MSV and CV rather
frequently, and further_imprbvement of steam quality is

needed.
-Improvement of Steam Quality

iﬁ Tiwi and Mak-Ban Power Plants, the tests of ﬁhe steam
scrubbing system as a means'of steam quality improvement
have been continued. As it is one year since the tests
were started, the advisability of the addition of the
steam scrubbing system to other units was studied. The
past record revealed that there was decline of the ouﬁput
due to scaling even with the steam scrubbing system. The
improvement and maintenance of the steam quality should
be carried out on the'iesponsibility of PGI, the éteam

supplier.

Recently, the water washihg system was developed, and it
became possible to remove the scale deposited on the
turbine nozzles and blades without éhutting the unit

down.

As a means of protection of the plant, the water washing
system should be added for -extension of the continuous
operation time, prevention of decline of the output and

prevention of rubbing of the fotor due to scaling.
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Lining of Main Cooling Water Pipes

The main cooling water pipes and hot water pipes are
severely corroded, and in the extreme case, as much as
7527 of the tube wali thickness is corroded. These.pipes
are buried underground,. Therefore, if the corrosion
progresses at the present rate, it is feared that the

pipes may collapse under the earth pressure.

It is necessary to line the pipes with stainless steel
(SUS  304) pipes of wall thicknesses corresponding to the
lost thicknesses and prevent collapsing and further

progress of corrosion.
Replacement of Auxiliary Cooling Water Pipes

Epoxy-lined carbon steel pipes are used for the auxiliary
cooling water pipes, and the lining has peeled off and

the pipes have been corroded.

The Supercoat lined carbon steel pipe has been proved to
be very stable against the cooling water in Tiwi Power

Plant, and has a high anti-corrosive property.

- Therefore, it is advisable to replace the cooling water

pipes with Supercoat lined pipes, SUS pipes or FRP pipes.
Supﬁression'of Algae

Algae growth and mud deposited in the generator hydrogen
gas cooler tubes decrease the coefficient of overall heat
transmission. To recover this, tube cleaning is carried

out with & decreased ocutput or unit shutdown.

The following two methods are considered as the means of
preventing this decrease of the coefficient, and the
selection should be made in consideration of the economy

and relisbility.
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Plan 1.

The cooling water system to the H, gas cooler and
iubricating oil cooler will be modified from the existing
open cycle to the closed cycle and the growth of algae
will be suppressed by shielding from the sun light.

Plan 2.

The H, gas cooler will be equipped with cleaning brushes
so that the interior of the tubes may be cleaned

automatically and continuously.
Improvement of Labyrinth Packing Material

The labyrinth packings of the main shaft of the turbine
suffered from severe corrosion, but since the packings were
replaced with stainless steel packings, the trouble of the

labyrinth packings has been remedied.
Diffusion of H,5 gas and -Addition of After-condenser

With No. 1 Unit through No. 4 Unit, the steam ejectors are in.

normal use and the gas compressors are kept on standby.

At present, the gas compressors suffer surging and corrosion
has progressed extensibly. Thus, it is judged that the gas

compressors cannot be used any longer.

For the steam ejéctors_to be used normally without troubles,
it is_advisablé to add after-condensers to the steam ejectors

and protect the surrounding equipment from corrosion due to

‘the discharged steam condenSate. And further it is advised

that the discharge from the ejectprs'be;led'fo the outlet of

forced draft of the cooling.towérs to effect better diffusion
and decrease the ground concentration of H,S gas. (Fig. 6-2-8
(1), (2) and (3))
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Partial Modification of Cooling Towers

Thé.fdrced draft fﬁns, hubs. and such rotating parts have
suffered drain attacks and the fillers have been severely
damaged by long use, and they are already in the condition

needing drastic repair.

The cooling towers are of wooden structures and the ceiling
boards, side boards, louvers, etc. have been corroded severely
by the sputtering water and strong acid droplets scattered

from the steam ejectors.

Since the power plant is located on the route of typhoons, the
side boards, louvers, réilings, stairs, etc. have been broken
or deformed, and the performance of the cooling towers have

been damaged and their safety is in danger.

All the fans, hubs, filler3, side boards; louvers, ceiling

boards, rallings, stairs, etc. that have been sévergly damaged
should be replaced for recovering the performance of the

codling towers.

Aisn one third of fﬁe upper part of the cooling tower

'structures and one third of the fan motors should be replaced

with new ones.
Procurement of Vehicles

At this Mak-Ban Power Plant, there dre 271 employees composed

of 135Aoperétqrs, 63 maintenance crew and 73 others. And the
.pbwer p1ant has one mobile allocated to Plants A, B and C

combined, and the shift operators are reporting to the job

getting a 1ift in the day-shift employees’ cars.

The wprkiﬁg_mode of operators is by the 4 group 3 shift

system,'but”the shift changes are difficult to be made

' regularly because of difficult transportation.
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In some cases, operators cannot help working two shifts
continuously. This is & serious problem in the operation of

the power plant.

Since the power plant and the residential quarters of the
employees are located in the mountains, there is no public

transportation available.

And the number of vehicles assigned to the power plants is
short, and they'ére all dilapidated by age and need to be

replaced.

For smooth transportation of shift operators and speedy trans-
poriation of maintenance crew and securify personnel in case

of power plant troubles and emergency.

It is advisable to purchase one small bus (capacity: 29 per-

sons) and a jeep (capaéity: 7 persons) equipped with a winch.
{2) Electrié.Facilities
8, Electric Fa;ilities within Powerhouse
{(a) 'Generator eqﬁipmeﬂt

No problem was found with both the stators and the rotors
of the generators proper so'far. _Hoﬁevéf, as it is more
than 10 years already siﬁpe"the commissioning of No. 1 to
4 units, a‘detéiled'éfudy on the neceséity_of.the
rewedging of stator windings is essential, and rewindihg
of the rotor and detail'inspectioh of'retaining'rihgs_afe
necessary. S8lip fiﬁgs of the excitaéion circuit were
found to héye.abfasion by sparks and the brush holders.
were alSo damﬁged by'co:rosion. ‘Repair of the slip
tings,_and'replacemeﬂt of the brush holders and brushes
are hecessérf,-.As in TiwiﬂPowér:Piéﬁt, ﬁhe H2 gas
consumption was larger than usual, Therefore, H, gas

seal at the generator stator temperature sensor terminals
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(b)

should be thoroughly inspected. ©Parts of the AVR also

have been corroded to the degree needing replacement.

4.16 kV and 480 V switchgears and 480 V motor control

centers

These equipment are instailed in the electric room
partitioned from the other secfions in the powerhouse and
kept at a little higher pressure than the atmosphere by
the air conditioners to prevent the-atmdsﬁheric air from
entering. However, the centralized air conditioning
system gets out of order once in a while, and the doors
of the electric room are opened, when the air of the
powerhouse containing H,5 gas enters and gives adverse
affects of corrosion and- deterioration to the’ eléctric
equipment, relays, instruments, etc. Though the damage
has not beén serious so far by the periddical inspection,
cleaning and polishing of contacts, but it is necessary
to install the H,5 gas diffusibn:device and maintain the

air conditioners.

The magneblast circuit breakers for the generator are
installed outside the electric room and exposed to the

air contzining H,S gas in the powerhouse.

The contact éurfaces are corroded, and heating due to
increased contact resistance once caused the burnt
circuit breaker. Thus, the circuit breakers for
No.Z,Sﬂand 4 Unit have been réplaced with gas circuit
breakers. It would be necessary to consider the

replacement of the circuit breaker for No.l Unit.

The 480 V motor control center has a problem in its
design. When one of the cooling fan motors on the

cooling tower is gfounded, all the cooling. fans are

. tripped, leading to the plant trip. Therefore, it is

necessary to consider the selective tripping at grounding

faults of this system.
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(3)

And as there frequently occut the grounding faults and
burns of the cooling fan motors, it is necessary to make

a detailed investigation of the causes.
Flectric Facilities in Switchyard

As mentioned before, the steam and H,S gas in the ejector

exhaust cause corrosion, insulation drop, and malfunctioning

of the elecﬁric facilities in the switchyard, especially the

exposed parts of conductors, insulators, disconnecting
switches, overhead ground wires, circuit breakers, contrel
equipment, etc. It is noted especially that soon after the
commissioning of.the_plaﬁt, the dielectric strength of
insulatofs_dropped”because of impurities in steam and steam

mist deposited on the surface of insulators, and frequent

'flash—overs occurred. At preSent,_the problem 1is solved by

H.V.T.C, (High Voltage Insulation Compound) coated on the

surface of insulators.

As a fundamental measures, the more effective means of diffu-
sion of the ejector exhaust_should be established. Some
obsolete type OCB should also be replaced with SF6 type cir-

cuit breakers.

Instrumentation and Control Equipment

- Unlike Tiwi Power Plant, the air conditioning system for ‘the
_central control room of Mak-Ban Power Plant are operating.

"normally, and such corrosion and deterioration of the

equipment and instruments as. experienced in Tiwi Power Plant
have not occurred. However, the instrumentation and control
equipment installed at_locations eiposed to the atmosphere

have been corroded by H,S gas.
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The detail of major problems with instrumentation and control

equipment are described in the following.

Hotwell Level Gontrol

The automatic level control sometimes malfunctions due to
the poor quality of control air. Detailed inspection of

the control air system is necessary.
Control Board Recorders

Several sets of recorders have been out of order because
of servomotor trouble, etc. These recorders should be

replaced.
Control Board Indicators and Transmitters

Several control board indicators are malfunctioning owing
to corrosion and deterioration, and need repair or

reﬁlacement.
Turbine Supervisory Instruments

At present, the turbine supervisory instruments are
operating normally, but some of the sensors and pickups
have been deteriorated owing to high vibration and high

temperature, and should be replaced.

Control Air Supply

There are problems with the quality of the control air
for No. 5 and No. 6 Units. Detailed inspection of the

air supply system, replacement of filters, and check or

dryers are necessary.
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. Chemical Dosing System

As the pH sensors and transmitters are installed
outdoors, they have been deteriorated severely and should
be replaced. Replacement of the automatic pH control

- should also be considered.

The above problems and their countermeasures are summarized in -
Tables 6-2-8 and 6-2-9.
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6.2.3 Formulation of Rehabilitation Plan

Criteria for Selection of Rehabilitation Items

The rehabilitation work items and the priority are determined based

on the following fundamental concepts for the rehabilitation, the
tfrequency of shutdowns, and the days of the troubles tabulated in
Tables 6-2-4 and 6-2-7.

(1) Improvement and repair items aiming at eliminating the causes

of faults which resulted in long forced shutdowns.

(2) Replacement or improvement items against troubles or failures
which may not only lead to serious plant troubles but also

need a long time and excessive expenses for restoration.

(3) Improvement items which are necessary for prevention of

pollution or environmental preservation.

(4) Advance replacement of obsolete equipment which are
indispensable for proper operation of the plant and spare

parts which are or will become unavailable.

{5) Items which are, if adopted in the rehabilitation'program,
economically advantageous for increase of generated energy

with less overhaul ftequency and shorter overhaul periéd.

(6) Improvement items which will economize the operation and

maintenance. expenses largely.

A7) Replacement or supply of parts which may need a considerable

time and expenses if the maintenance is deferred.
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Rehabilitation Work Items for Tiwi Geothermal Power Plant

The problems with regard to the reliable operation'of Tiwi Power
Plant for stable power supply can be classified into two
categories, those related to the improvement of the power plant

facilities and those related to the steam supply.

{1) Rehabilitation Items for Power Plant Facilities and

Priority
The rehabilitation items for the mechanical, electrical and

ingtrumentation and control facilities of the power plant and

their priority are described in Table 6-2-10.
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(2)

Securing of Steam Supply

ALl units of Tiwi Power Plant use steam ejectors for NCG
extradtion, and NAPOCOR is now carryihg out the
replacement works of the steam gas ejectors of Units No.
1, No. 2, No. 5, and No. 6 with the hybrid type gas
extraction system, Upon.completion of the works, the
necessary steam supply for 330 MW generation will
decrease to 2,892 t/hr and 233 t/hr of steam saved will
become available for additional géneraticn. As a result,
29 MW of output increase is expected. (Refer to Table
6-2-.11)

In the conference concerning stéam supply held in July
1991 PGI disclosed that it planned to supply 2,700 t/hr
of steam to Tiwi Power Plant by the early part of 1992
and 2,900 t/hr by the early part of 1994. (Refer to
Fig. 6-2-1.)

In order to secure and maintain the steam supply to
generate 330 MW, PGI plans to drill the following number
of production wells, but no mention was made regarding

the financing of the necessary fund for drilling.

(a) Steam supply increase from the present 2,360 tf/hr to
2,900 t/hr is necessary for 330 MW power generation,
and the number of necessary additional production

wells is estimated to be'ZO.

(b) As the production of steam decreases year by year,
it is estimated that 8 or more additional wells per
year will be necessary to maintain 2,900 t/h of

steam supply.
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(c) Assumptions for the above estimation
. Steam production per well is assumed to be
30 t/hr, based on 77 production wells now

producing 2,360 t/hr.

Annunal deterioration rate of production well of

Tiwi Power Plant is assumed to be 7.3Z.

The rate of unsuccessful drilling of production

wells is assumed to be 10Z.
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Rehabilitation Work Items for Mak-Ban Geothermal Power Plant
(1) Rehabilitation Items for Power Plant Facilities and Priority
The rehabilitation items for the'mechapical, electrical, and

ingtrumentation and control facilities of the power plant and

their priority are described in Table 6-2-12.
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ANNEX 1. PLANT OPERATIONAL DATA

Tiwi Geothermal Power Plant

Mak-Ban Geothermal Pcwre Plant
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6.3 Hydro Power Plants

6.3.1 Current Status and Problems of Hydro Power Plants

The current status and problems of hydro power plants revealed in the

present study are as follows:

1.

Outline of Hydro Power Plants in the Luzon Grid

There are 11 hydro power plants with a total capacity of 1,226.16
MW in the Luzon Grid, of which 6 plants (875 HW) are under the
cohtrol df ﬁLRC (Northern Luzon Regional Center) and 5 piants
(351.16 MW) are under the control of SLRC (Southern Luzon Reglonal
Center) {(refer to Table 6-3-1). In the grid, the generated energy
by.hydro power plants reached 2,369 Gwﬂ {2,924 6Wh including the

pumped storage generation of Kaiayaan Power Plant) in 1990, and the

. annual plant capacity factor for the year was 27.3I (see Table

6-3-2). The percentage of hydro power generation to the total
generation in the Luzon Grid, was 28.4% in the plant capacity and

12.6% in the generated energy in 1990.

Most hydro power plant dams are owned by NIA (National Irrigation
Administration) and used for irrigation. Some of them are also
used for water supply, and accordingly the plant capacity factor is

low, particularly in the dry season between April and June.

Ambuklac Poﬁef'Plant (75 MW) is currently undergoing rehabilitation
because the silt deposit overreached the level of the intake, and
in addition, the civil structures were damaged and the generator

room -was  flooded by the earthquake in July 1990. The

_rehabilitation is scheduled to be completed in 1995.

All other hydro power plants were in operatidn, excepting Botocan

‘Power Plant (16.96 MW) in southern Luzon which was out of operation

for replacement of circuit breakers.
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2.

Civil Structures of Hydro Power Plants

(1)

Dams

NAPOCOR’s large-scale reservoir type power' plants consist of
main dams and regulating reservoirs downstream of the power

plants.

out of the dams and reservoirs for hydro power generation,
Ambuklao, Binga, Caliraya and Botocan Dams are managed by
NAPOCOR. The remaining Magat, Pantabangan, Masiway and Aﬁgat
Dams are managed mainly by NIA, and WAPOCOR is using them for

generation and sharing the expenses.

Rehabilitation works have been started for NAPOCOR owned dams
which have problems. A particularly prominent probiem
discovered in the study is the silt deposit.in Ambuklao and
Biriga Dams. The volume of deposits has already exceeded 451

of the reservoir capacity in both dams.

As the intake of Ambuklao Power Plant became unusable in June
1990 because of the silt deposit, ihe rehahilitation.project
is currently implemented. The schéduled dredging by the
project is 300,000 m> for the short—tefﬁ, 4,000,000 m> for the
medium-term, and 1,000,000 m3/year for-the long-term. The
dredging is scheduled to start shortly. However, the above-
mentioned volumes of dredging would be insufficient to handie
the 3,600,000 m> of annual deposits inflow ‘into the Ambuklao
resefvoirw Ho;eover, it would be vefy difficult to dredge
roughly 1,000,000 mslyear.of silt over long years in
consideration of the location of the power piant;_disposal_of
dredged silt, road condition, etc. .Thereforé, the Ambuklao
Power Plant intake éhould;bé:réconétruéted so that the intake

level may be raised with the rising: level of'silt.deposit,
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(2)

At the Binga Power Plant, since the silt deposit reached the
level of the intake in 1991, rehsabilitation is under way. The
scheduled dredging volume amounts to 1,500,000 m> for the
first year, and.700,000 m® for the second year. The apron of
the spillway has already been completed, Since the volume of
deposits inflow into the Binga reservoir is less than that
into the Ambuklao reservoir, it is likely that the dredging
work will maintain the intake operation for some time.
However, reconstruction of the intake will be needed in the

long run.

Water leakage from the service spillway at the Caliraya Dam
has drastically increased since August 1991. As the current
leakage is 0.5 m3[sec. (1,800 m3lhour, 43,200 m3lday), it is
difficult to approach the leasking point from inside. The JICA
conducted the study on this spillway leakage in 1986 and

rehabilitation was commenced in 1989. The current progress

rate of rehabilitation is 88%. However, the above-mentioned

drastic increase in leakage has brought the rehabilitation
work to a standstill, and countermeasures are being studied by
NAPOCOR..

Other Structures

For the civil structures of NAPOCOR owned hydro power plants,
some defects were pointed out in the past studies. The
following problems were found with civil structures in the

present survey.

Magat Power Plant : Water leakapge around No. 3

water turbine

Pantabangan Power Plant Water leakage around Ne. 2
water turbine

Masiway Power. Plant

Water leakage from headrace

Caliraya Power Plant

Repair of the inlet valve
pit
.- Kalayaan Power Plant : Improvement of the boom for

tailrace
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3.

4

Botocan Power Plant t Water leakage from dam
gate, iﬁprovement of the
boom for intake and re-
placement of trﬁsh removers:

Barit Power Plant - . : Repair of trash removers at

the intake

(3) On-Going and Pianned Rehabilitation Projects

Dredging of Ambuklao reservoir
Dredging of Binga reservoir

Rehabilitation of Caliraya service spillway

Electrical Equipment of Hydro Power Plants .

(1) Water Turbines and Generators

The frequency of forced outages in 1990 summarized from
data collected in the survey was 89, and the duration of
outagés was.777.46 hours {refer to Table 6-3-3). Since
there are some cases of unknown outage houts, thé actual
outage hours are suspected to.excéed this figure. The
longest ocutage was 143,60 hours;'caused by the air coolér
failure of No. 1 generator (12 Mﬁ) at Masiway Power

Plant, followed by 138.95 hours which was the result of

trouble with the oil lifting system of No. 2 generator

(150 MW) at Kalayaan Power Plant.

It is noted that the same kind of water turbine and
generator faults have occurred repeatedly. Generators at
Magat Power Plant (90 MW x 4 units) have had fregquent .
faults of static exciters. A totgl'of'lﬁ times of
faults, including burnt thyriStbrs and exciting

transformers, occutred in 1990.
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At Binga Power Plant (25 MW x 4 units), 21 times of
breaking element troubles of water turbine guide vanes
occurred in 1990. These were caused by the load
fluctuation during operation and are considered to be

abnormal.

Thegse repeated occurrences of the same troubles are
mostly attributable to defective design, manufacture or
installation. When the cause and solution cannot be
found, it is necessary to go back to the starting point
and investipate whether the affected equipment conforms
to the specifications or not. In some casesg, it maj be
advisable to explain the circumstances of faults to the
manufacturers of the equipment and ask them for
solutions, In any case, it is necessary to thoroughly
identify the causes of faults in order to prevent further
occurrence of faults. For this purpose, it is essential
to record the details of faults and the operating
conditions. Based on the detailed records by type of
equipment and type of causes, the causes of faults must
be fully studied and the results of study should be

reflected on the equipment and maintenance improvements.

{(2) Switchyard Equipment

- (3)

The current status, including problems, of switchyard

equipment is described in Item 3 "Substation and Hydro Power

Plant Switchyard Equipment“ of Sub-clause 6.4.1.

Other EQuipment

Water leakage was observed around water turbine covers at

" some power plants in operation, but it was not so serious

as to hinder their operation immediately. It is
impdssible.to draw a conclusion on the conditions of all
the equipment by this short-term survey, but it ééemed
that power plants were maintained relatively well,

without serious vibration and other harmful phenomena.
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b. At a small power plant (Barit Power Pldnt, 1.8 MW) in
southern Luzon, the replaced old runner, which had been
used for more than 30 years, was-dﬁserved. Judging from
the abrasion on the runner blades, it is believed that

the replacement should have heen done a little earlier.
(&) On;Going Rehabilitation Project

Rehabilitation of water turbines and generators at

Ambuklac Power Plant
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6.3.2 Formulation of Rehabilitation Plan

Among the problems described in Sub-clause 6.3,1, the plan has been made

to reconstruct the intake of the Ambuklac Power Plant, which is the

biggest problem with the civil structures. And with the electrical

equipment, replacement of the excitation transformer at the Magat Power

plant, which had frequent failures and has technical problems, has been

planned. The remaining problems which are not serious can be covered by

the preventive maintenance programs.

1.

Civil Structures

The annual deposits inflow into the Ambuklao reservoir amounts to

3,600,0001113 and fine silt is concentratedly deposited around the

dntake. The silt level has reached 699 m, 13 m higher than the

intake level of 686 m, and the plant has been out of service since
1990,

Although NAPOCOR plans to dredge around the intake, the dredging
work entails msny problems as stated in Item 2 of Sub-clause 6.3.1;
and is not economically advantageous, Therefore, the plaﬁ has been
made to reconstruct the present submarine type intake so that the

intake level may be changed with the rising level of silt deposit.

Regarding the countermeasures against the silt deposit in the
Ambuklao reservoir, the JICA conducted the study and prepared the
repért in March 1988.. In'thié-report, the following five
alternatives were studied and alternative "e", Vertical Intake
Tower, was recommended in consideration of constrgction costs,
duration of plant outages, constructibn.methods, maintenance costs,

and other economic factors (refer to Table 6-3-4).

a. Large Scale Dredging

b. Raisihg of Intake Tower
c. Sedimeﬁt Discharge Tunnel
d. incliued Intake Tower

e. Vertical Intake Tower
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In the present study, the JICA report was reviewed based on the
results of the survey, and the same conciusion was reached. The
presently progressing Ambuklao Power Plant rehabilitation is
scheduled to be completed in 1995 and thus, the earliest

commencement of this reconstruction project is recommended.

Electrical Equipment

{1) Water Turbines and Generators
As mentioned in Item 3 of Sub-clause 6.3.1, the dry-type
transformers for the static exciters of the Magat Power Plant
have had frequent failures. As it is suspected that the
transformers have problems in the design and structure, re-

placement with molded transformers has been planned.

Molded excitation transformer 4 units

Rated capacity 1,400 kVA (continuous rating)
Rated voltage  primary 13,800 V
secondary 940 V
Rated frequency 60 Hz
Phase : o 3 phase
Connection primary Delta

secondary  Star
{2) Switchyard Egquipment

Switchyard equipment are described in Item 2 "Substation and

Hydro Power Plant Switchyard Equipment"” of Sub-clause 6.4.2.
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6.3.3 Priority Criteria and Priority
The order of priority is (1) the reconstruction of Ambuklao Power Plant

intake, and (2) the replacement of Magat Power Plant excitation

transformer.
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Table 6-3-3 FORCERD OUTAGE RECORDS OF HYDRO POWER PLANT IN 1990 (1)

Plants Units Date Hours Causes
1 2 387 | Govemor trouble
Ambuklao 12427 ' High thrust hearing temperature
: 326 | Emulsification of thrust bearing oil
2 5/20 Generator differential relay
U1 Leak at thrust bearing cooling oil
35 3.18 | Govemor oil pump trouble
i 3 I8 3575 | Low oil tank pressure
1/10 2.87 | Stator EF indication
Magat 8/15 0.78 | Burnt out excitation Tr of unit 2
829 | Not ‘available due to Excit, Tr. -
10/ 8 | 6.07 |Trouble at thyristor fan mator
10/17 12.00 | Exditation transformer trouble
1 | 10417 47.32 | Excitation transformer trouble
16720 8.42 | Bumt thyristor
1020 1 1507 |Loss of excitation
11/ 3 9.63 1 Actuation of rotor EF protection
iy 7 |. - | Excitation trouble
11/ 9 . 2.77 | Thyristor trouble
1/10 | 2.87 | Stator EF indication
8/15 69.00 | Bunt out excitation Tr of unit 2
? 10/ 8 | 233 | Thyristor fari motor
10720 148 | o
'8/15° | 070 | Bumt out excitation Tr of unit 2
928 1.68 | Busted thyristor
10/ 7 - 1.35 | Trouble at thyristor fan motor
3 10/ 8 | 048 | Thyristor fan motor
1020 | 100 |
1/7 | 245 | Thysistor trouble
4 85 1.00 { Burut ocut excitation Tr of unit 2
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Table 6-3-3 FORCED OUTAGE RECORDS OF HYDRO POWER PLANT IN 1990 (2)

Plants Units Date Hours o : Causes
12/27 0.27 Dé\maged breaking element
Binga 29 .Brcken breaking elerment
3/ 2 0.83 | Broken breaking element
1 8/30 Tripping of transformer A
91 34.92 | Leak on bypass of butterfly valve
10/ 9 0.18 ) -
11/19 2.58 | Broken breaking element
501 017 | High thrust bearing temperatuie
8/16.1 - 3.63 _Sheared breaking element
5 8/30 : Tripping of transformer A
10715 | 4.73 | AVR trouble.
124 4 0.21 ﬁ:iméged _breaking element
12/-6 0.50 | Broken breaking element
2/28 ' .0.83 Broken b=ré_aking element’
4525 0.17 ' | Generator ground indication
330 1.52 Br'oken breaking element
6/28 1.27 | Broken b_reaking elément
7120 417 |
9/23 * | Broken breaking element
3 10/25 135 Damaged breaking element.
11714 ¢ 0.93 | Broken breaking e¢lement
11/19 '3.67 | Breaking element trouble
11725 0.70 | Démaged breaking element
12/ 7 © 2.23 | Broken breaking element
12/ 9 . | Damaged breaking element
12/13 0.83 | Broken breaking ¢lement
12120 1.07 | Broken breaking element
1716 | 0.15 | Malfunctioning of turbine bearing thermal relay
o 720 | - 408 | N
‘ 10/ 6 ' 5.50' Turbine vibration test _
11/25 | Damaged brc.ak.irlg element
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Table 6-3-3 FORCED OUTAGE RECORDS OF HYDRO POWER PLANT IN 1990 (3)
Plants Units Date Hours Causes
38 Generator field ground indication
Angat Mi © 927 7.42 | High thrust bearing tcmpei‘ature
10/16 10.92 | Generator field ground indication
N2 3/ 8 Generator field ground indication
9/21 4.28 | Shear pin trouble
M3 3/ 8 5.55 | Erratic control of AVR
A3 3128 Bus duct phase B flashover
Pantabangan 2 2/23 0.47 | Broken shearing pins
217 143.60 | Leak at generator air cooler
Masiway 2121 1.00" | Leak on air coolers
11728 15.35 | Leak at generator surface cooler
10117 ‘0.08 | PLC failure
Kalayaan 11/10 16.50 |Leakat servombtor spherical valve
11/12 5.22 | Govemor trouble -
1 1i/13 14.10 | Trouble at air oil accumnulator
11/ 19 0.20 Overspeed relay
12/13 8.43 | Misaligned guide vane
1218 (.17 | Low oil at LBG
5 4/17 0.20 | High stator temperature
8/13 . 28.52 | Oil legk at hydraulic servomotor
10/ 4 138.95 | Oil lifting system failure -
10011 4,33 | AVR trouble -
S 11/22- - | Alignment of wicket gates
_ 1 “10/-3 ‘Trouble on transformer #2
Caliraya 5 10/ 3 Trouble on transformer #2
11/19 Leéak at by-pass valve
4 10/ 4 Leak at thrust bearing
Botocan 1 10/ 3 3175 | Flashover fuse of Gen. #2PT
2 | 13 31.75 | Flashover fuse of Gen. #2PT
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6.4 Transmission Lines and Substations

6.4.1 Current Status and Problems of Transmission and Substation Facilities

The current status and problems of transmission and substation

facilities revealed in the present study are as follows:

1.

Cutline of the Luzon Grid

As shown in Fig. 6-4-1, the Luzon Grid consists mainly of 230 kV
system which runs through the island from north to south, with
115 kV system used in some parts of the island. The secondary
transmission voltage is 62 kV, Data on the 230 kV transmission
lines are shgwn in Table 6-4-1, and the length of transmission
lines and thé'substation capacity for each area office are shown in
Table 6-4-2. '

As for the power sources, hydro power plants are located mainly in
the north - of the island, thermal, geothermal and pumped stdrage
power plants in and around Manila, and a geothermal power plant is

located in the south.
The 230 kV system is divided into the following five systems.

. Northern System, which extends from Magat Power Plant to

Bauang Substation through Ambuklao and Binga Power Plants

. Central System, which extends ftoh Binga Power Plant to San

Jose and Balintawak Substations through Mexico Substation

. Midwest System, which extends from Bauang Substation to San

Jose Substation through Hermosa Substation
. Ménila Quter Link System, which extends from San Jose

Substation te Sucat Power Plant through Kalayaan Power Plant

and Binan Substation
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Southern System, which extends from Tiwi Power Plant to

Kala}aan Power Plant.
The Midwest System was commissioned in December 1991.

Most of the 230 kV lines are in loop configuration with one or two
circuits per route, but some of the lines are in radial
configuration with a single circuit.per route. All of the lines
are supported by steel towers, with single, double and four

conductors of ACSR 795 MCM.

For the 115 kV lines, steel towers and wooden poles are used for
supports.  Steel tower lines have two circuits per route, while
wooden pole lines have a single circuit per route, with the

conductors of ACSR 795 MCM and 336.4 MCM.

The MERALCO system in and around Manila is formed with 115 kV
transmission lines which are suppiied from Balintawak, San Jose, -

Dolores and Binan substations, and'Malaya and Sucat power plants.

The 69 kV lines are mostly supported by wooden poles and are in
radial configuration with a single circuit per route, with the

conductors of ACSR 336.4 MCM and 4/0.
The circuit lengths of transmission lines' and the number and

capacity of substations in the Luzon Grid as of the end of 1990 are

shown below.

Transmission Line : Substation

Circuit Length (km) Number Capacity (MVA)
230 kv 3,232 22 3,485
115 kV 442 6 310
69 kv ' _ 2,976 46 467
34.5 kv & below . 524
Total o 7,174 SRR 4,262
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2.

‘Fransmission Facilities

(1) 230 kV System

For the 230 kV system, line faults have occurred
frequently, posing problems as described below. However,

there is no big problem concerning the system formation.

In the Northern System, separation of the hydro power
plants from the grid cauSed.by transmission line faults
and voltage drop during the dry season are the problems
of the system. In the Southern System, separation of the
Tiwi Power Plant from the grid occurred due to broken

ground wires.

The problems of the Northern System will be eliminated by
completion of the Midwest System. With regard to the
Southern System, the overhead ground wires need to be

replaced with aluminum-clad steel wires.

The transmission and substation expansion projects are
shown in Tables 6-4-8 and 6-4-~9, respectively. These

projects include the expansion of the 230 kV system to

meet the power source developments and increasing power

demand, the commissioning of the southern 500 kV system
in 1997 in connection with the interconnection to Leyte
Island, and the construction of the northern 500 kV

system in 2000. The major projects for the 69 kV system

.are system expansion on the isolated islands and

interconnection with the Luzon Grid. These projects also

include the following renovation/rehabilitation projects.
. Reinforcement of the San Jose - Balintawak Line

Uprating of the Binan - Sucat Line voltage
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.+ Two-circuit pi connection at the Bayombong

Substation

Voltage improvement in the metropolitan area when
the thermal power plants in and around Manila are

out of operation
Rehabilitation of the 500 kV Naga-Kalayaan Line

The average frequency of line faults per 100 km was 5.6
in 1990, which is roughly‘s times larger than the
frequency in Japan. ' The maximum frequency was 24.8 for

the Binga - San Manuel Line (refer to Table 6-4-7), As
described in Clause 7.5, it is imperative to inﬁestigate
the causes of the faults and to push forward the

countermeasures for fault reduction.

.Corrosion of Overhead Ground Wires in the Southern System

Galvanized steel wire is used for the overhead ground
wire, but in some places, the corrosion has occurred in

just a few years, causing broken wires.

Corroded overhead ground wires are being partly replaced.
However,-schedﬁled'replacement with' aluminum-clad steel

wire should be carried out.

Zinc coating of a new galvanized steel wire obtained
during the sﬁrvey was a maximum value of 71'glm2'and-a_
minimum value of 44 glmz. As these values are
significantly smaller than the specified value of

240 g!mz, it is suspected that galvanized:steel wires not
te the specifiQation-were.purchased. Therefore, the
standardization of specifications and distribution of the
specifications to all related organizations and
departments, as well as strict testing of'puréhased

materials are necessary.
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Corrosion of Insulator Pins in the Southern System

As with the overhead ground wires, corrosion of insulator
pins is widespread. This 1s the galvanic corrosion
caused by the direct current component of the leakage

current.

Replacement of corroded insulators is conducted in  ac-

cordance with the annual preventive maintenance progtam.

However, composite insulators are partly used, despite
the fact that the zinc sleeved insulator isspecified as

the standard. As with:the overhead ground wires, stand-

‘ardization of the specifications is required.

Voltage Drop in the HNorthern System at the Time of the
Shutdown of Hydro Power Plants in the North

In the north, there are three hydro power plants, Magat

(360 MW), Ambuklao (75 MW) and Binga (100 MW) Power

' Plénts, with a total capacity of 535 MW, Of these power

- plants, Hagat Dam 3is an irrigation dam owned by NIA and

the. plant is shut down for a month in the dry season due
to NIA’s canal maintenance. Since the generation of the

other power plahts is small in the dry season, power is

-supplied from power plants in snd around Manila, causing

a large voltage drop in the Northern System.

‘As mentioned before, this pfoblem will be solved upcn

completion of the Midwest System.

Steel.Tower Failures by Typhoons

According to meteorological observation records, maximum

gust wind velocities of more than 200 kmlhour have been

recorded many times.

‘The Naga - Tiwi Line (failed in 1987) and Santiago -
.- Bayombong Line (failed in 1989) have the design wind

6 - 233



velocity of 165 kmfhour and, accordingly, lack sufficient
strength,

Steel towers of Santiago - Bayombong Line failed by
structural failures just above the ground, and evidences
of lifted foundations were observed with the Naga - Tiwi

Line.

There are two possible countermeasures. One is to
reinforce the steel towers with additional members and
reinforce the foundations, and the other is to reinforce
by the use of guy wires. As the former is not considered
technicﬁlly and ecohomically feasible, the reinforcement

with guy wires is deemed advisable.
Problems with the Desigh and Construction of Steel Towers

Misapplication of stfain towers and ‘suspension towers was
observed. In some cases, suspension towers are used
where strain towers should be used. More attention must
be paid to the clearance in congsideration. of the local
conditions such as frequent typhobns and high IKL (Iso-

kerauﬁic Level).
Arcing Horns

Considering the high IKL, arcing hormns should bhe

“installed.

{(2) 115 kV System

115 kV lines supported by wooden poles have a single
circuit per route and have had frequent faults, but cause
no major problems as the lengths of the lines are

limited.

In 1990, the average frequency of line faults per 100 km

was 5.2 with steel tower lines, 20.9 with wooden pole
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lines and 14.1 as a total of 115 kV lines. This is
roughly 5 times larger than the freguency in Japan.

The San Esteban - Bantay - Laoag Line, which is the
longest of the wooden pole lines, is being converted to

two-circuits.

(3) 69 kV System

a.

Most of the 69 kV lines are supported by wooden poles and
in radial configuration with a single circuit per route.
There have been numérous faults, causing very.long
outages. The average frequency of line faults per 100 km
in 1990 was 58.5, which is roughly 12 times larger than
the frequency in Japan, with the average duration of 7.0
hours per fault. As mentioned in Clause 7.5, the causes

of the faults must be investigated, and the measures for

fault reduction should be promoted.

There afé lines interfupted for extremely lohg durations
at. the time of typhoons (refer to Tables 6-4-7-(5) and
(6)). Among them, there are some sections where the
restoration works were delayed due to difficulties in
transporting the wooden poles. For these sections,

rerouting will be necessary.

There is a line interrupted for long duration due to
broken conductors caused by drifting logs during floods
{refer to. Table 6-4-7-(6}). This is attributable to lack

.0of the clearance, and therefore, conversion to steel

towers will be necessary.

There. were insulators damaged by flash-over. As the
arcing horn is not wused, insulators are apt to be
damaged. Hot-line detection of defective insulators

should be adopted.

There were a large number of'w00den poles felled by
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3.

typhoons and other accidents. Preventive maintenance of

the wooden poles should be promoted.

Substation and Hydro Power Plant Switchyard Equipment

(L)

230 kV Substations

According to the data collected in the survey, the
frequency of substation faults in 1990 was 21, and the
duration of outage was 4.8 hours per fault (refer to

Table 6-4~7).

The frequency is not so large as compared with faults of
other facilities, in consideration of the fact that there

are many aged equipment at the 230 kV substations.

. However, there are no detailed records of the faults and

their causes. It is necessary to identify the causes of
these faults based on détailed:fecords classified by the
type of equipment_and causes, and to reflect them on the

equipment and maintenance improvements.
Power Transformers

Data on the transformers Of_230 kV substations are shown
in Table 6-4-3. Oil leakage from the cooling sysiém and
transformer proper was observed at some of the
substations, but it was not so serious as to hinder the
operation immediately. The distribution transformer (50
MVA, 115/34.5 kV, Osaka, 1978) at San Jose Substation was
overloaded even with an additional cooling fan, and the
adjacent Angat Power Plant was supplying.a part of the

load of San Jose Substationm.
Circuit Breakers and Disconnecting Switches
The bus system of 230 kV substations employs the 1-1/2

breaker system. Therefore; there are mcie circuit

breakers and disconnecting switches per circuit.
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Data on the circuit breakers of 2306 kV substations are

shown in Table 6-4-4, There are 185 units of 230 kV
‘circuit breakers, 32 units of 115 kV circuit breaskers and
99 units of 69 kV circuit breakers, or a total of 296
circuit breakers. These circuit breakers classified by
the years of manufacture are shown in the tables below.
There are many aged OCBs and ACBs. Most of the 69kV

circuit breakers are 0OCBs.

Number of 230 kV Circuit Breakers by Years of Manufacture

Mig., Years . -1960 1961-70 1971-80 1981- Total (Z)

0CB 1 1 . 17 0 29 ( 17.6)
ACB 0 9 7 0 16 ( 9.7)
GCB 0 0 59 61 120 ( 72.7)
Total 1 20 83 61 165 (100 )

Number of 115 kV Circuit Breakers by Years of Manufacture

Mfg. Years -1860 1961-70 197i-80 1981- Total ()

0CB 0 ) 11 0 11 ( 34.4)
ACB 0 o 3 0 3 (. 9.4)
GCB 0 0 15 3 18 ( 56.2)

Total 0 0 29 3 32 (100 )

Number of 69 kV Circuit Breakers by Years of Manufacture

Mfg. Years = -1960 1961-70 1971~80'1981- Total ()

0CB 1 13 56 14 84 ( 84.8)
ACB 0 2 7 0 9 ( 9.1)
GCB 0 0 4 2 6 { 6.1)
Total 1 15 67 16 99 (100 )

6 - 237



Number of Circuit Breakers by Years of Manufacture (Total)

Mfp. Years.  ~1960 1961-70 1971-80 1981- Total (%)

0cB 2 24 84 146 124 ( 41.9)
ACB 0 11 17 0 28 ( 9.5)
GCB 0 0 78 66 144 ( 48.6)
Total 2 35 179 80 296 (100 )

There are some circuit breakers with oil or gas leakage.
Since there are some circuit breakers which will lack
bréaking capacity in thé near future, replaéement of
‘¢circuit breakers is in progress at some of the

substations.

Most disconnecting switches are of the manual operation
type, and some are difficult to open and close due to
tight operating mechaniem, and there are some with pin

insulators.
Other Eguipment

Bolted type connectors are used for the branch connec-
tions of 230 kV bus bars at some substations with which
discoloration due to overhéating-wﬁs observed. Since the
connections are overheated and cooled repeatedly by the
1oad_f1uétuation, imperféct contact is accelerated by
metal -annealing.  Compression type connectors should be
used because holted type connectors are difficult to
install properly due to .noncpnformity to the conductor
size and insufficient tightening force, often resulting

in the falling off of conductors.
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e. On-Going and Planned Renovation/Rehabilitation Project

Replacement of 230 kV circuit breakers at Mexico
Substation

. Replacement of 230 kV circuit breakers at San Manuel
‘Substation

. Two-circuit pi connection at Bayombong Substation

Uprating of wvoltage to 230 kV at Sucat Power Plant

{2) 69 kV Substations

The equipment of NAPOCOR’s 69 kV substations could not be
inspected durihg the present survey, but they have small
instailed capacities of 3 to 10 MVA and are eguipped with
minimal equipment. Consequently, it seems that they pose no

problem.

. The NAPOGCOR*s 69 kV substations have been transferred to

cooperatives one by one.
{(3) Switchyard Equipment of Hydro Power Planﬁs

a. According to the data collected in the survey, the
frequency of switchyard equipment faults of hydro power
plants in 1990 was 4, and the average outage duration was
40.6 hours per fault (refer to Table 6-4-7). The faulté
include those'caused.by the earthqu&ke in July 1990, and
are small in number. Buf, as with the case of 230 KV
sﬁbstation equipment, there are no detailed records of
the faults and their causes. Statistical data on faults
classified by the type of eguipment and causes should be

maintained.
b. Power Transformers (Generator Transformers)

Most of the transformers at the hydro power plants,

exceptiﬁg Magat Power Plant in northern Lﬁzon, were
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manufactured in the 1950°'s, Data on the transformers at

the hydro pewer plants are shown in Table 6-4-5.

As with the case of the substation equipment, there is
0il leakage from transformer proper, radiators, oil
pumps, etc. However, it is not so serious as to hinder
the operation immediately. Hydro power plants in the
south, excépt for Kalaysan Power Plant,.are equipped with
aged small-capacity transformers, but they have no

particular problem.
Circuit Breakers and Disconnecting Switches

The bus bar system of 230kV switchyards employs the 1-1/2

breaker system, as does the substatiomn.

Data of the circuit breakers of hydro power plants are
shown in Table 6-4-6. There are 46 units of 230 kV
circuit breakers, 15 units of 115 kV circuit breakers and
4 units of 69 kV circuit breakers, or .a total of 65
circuit breakers. These circuit breakers classified by

the years of manufacture are shown in the table below.
Number of 230 kV Circuit Breakers by Years of Manufacture

Mfg. Years . -1960 1961-70 1971-80 1981- Total (Z)

0CB 8 0 0 0 8 ( 17.0)
ACE 0 o 0 Y .9 ( - )
GCB 0 0 28 - 10 38 ( 83.0)
Total 8 0 28 10 46 (100 )

Number of 115 kV Circuit Breakers by Years of Manufacture

Mfg. Years -=1960 1961-70 1971-80 1981- Total ()

0CB 1 3 .0 0 4 26.7)
ACB 0 :10 S0 0 10 ( 66.6)
GCB o 0 o 1 1( 6.7
Total 1 13 0 1

15 (100 )
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Number of 69 kV Circuit Breakers by Years of Manufacture

‘Mfp. Years  -1960 1961-70 1971-80 1981-  Total (Z)
0GB 0 1 1 2 4 (100 )
ACB 0 ] 6 0 60 ( - )
GCB 0 0 0 0 0( -~ )

Total 0 1 1 2 4 (100 )

Number bf Circuit Breakers by Years of Manufacture (Total)

Mfg. Years  -1960 1961-70 1971-80 1981l- Total (Z)

0CB 9 4 1 2 16 ( 24.6)
ACB. 0 10 0 0 10 { 15.4)
GCB 0 0 28 11 39 ( 60.0)

Total 9 14 29 13 65 (100 )

Hydro power plants in the north, excepting Magat Power

Plant, are equipped with 230 kV OCBs manufactured in the

1950's and 115 kV ACBs manufactured in the 1960°s. The

circuit breakers in the hydro power plants in the south,

except for Kalayéan Power Plant, are mostly 115 kV OCBs
| manufactured in the 1840°s and 1950°’s.

Most disconnecting switches are of the manual operation
type, and some are difficult to open and close due to
tight operating mechanism, and there are many equipment

with pin insulators.

(4) Provision of Spare Parts

The'equipmént-of substations were purchased from wvarious
manuféﬁtﬁrers in wvarious countries. Consequently, it is
difficult to keep the many types of spare parts needed for all
thé.equipment. In many cases, the parté for old equipment are

not manufactured any longer.
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In the Philippines, procurement of spare parts takes two or
three years because of the time-consuming procedures of for-
eign currency application and purchase formalities, and conse-
quently, it is difficult to expect timely supply of imported
spare parts., In addition, a high-level of skill is required
in the replacement of the inner parts (such as moving and
fixed contacts) of GCB, which is well-known as maintenance
free, $Since the skill of replacément affects the performance
of the equipment after replacement, the guidance of expert
engineers will He required even if sﬁére parts are available
at hand. Therefore; with 230 kV breakers, which are the most
important for system operation, it is recommended that spare
equipmént of standard specifications be kept in strategic
locations and that the whole of the equipment be replaced in

case of emergency.’
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6.4.2 Formulation of Renovation Plan

For the problems described in Sub-clause 6.4.1, the following renovation

plans which would be effective for improvement of supply reliability and

rationalization of maintenance works have been formulated. With the

respective site, the detailed survey should be made during the

feasibility study.

1. Transmission Facilities

(1

(2)

(3)

‘design conditions are a single circuit of ACSR 336.4 mm

Replacement of Overhead Ground Wires

Replacement of 3566 km of overhead ground wires of the 230 kV

2

transmission lines with 55 mm® aluminum-clad steel wires has

been planned as follows.

Kalayaan - Gumaca Line : 204 km
_‘Gumaca - Labo Line {#1-#138) 128 km
Kalayaan - San Jose Line 234 km
Total 566 km

Adoption of Steel Towers for River or Road Crossings (69 kV

line)

Adoptibn of steel towers for 20 river crossings and 9 road
crossings, which were requested by the area offices, has been
planned. .Respective sites are as shown in Table 6-4-10. The
| Z for
the conductor, and span lengths of 350 m for river crossings

and 250 m for road crossings.

Rerouting of the Section of 69 kV line where Restoration Works

',are Difficult

Rerouting of the section between the structure Nos. #307 and
#345, 10 km, of the Tuguegarao - Camalaniugaﬁ Line has been

planned.
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{4y Provision of Defective Insulator Detectors

Provision of defective insulator detectors, one set for each
power transmission line maintenance group, totaling 22 sets,

has been planned.
2. Substation and Hydro Power Piant,Switchyard Equipment
{1) Replacement of Circuit Breakers

The circuit breaker replacement plan for the substations and
that for the hydro power plants aré‘given in Tables 6-4-11 and
6-4-12, respectively. The respective circuit breaker
replacement plans are as explained below., It has heen planned
to replace circuit breakers with GCBs_(gas cifcuit breakers)
which are the most reliable ﬁnd effective for rationalization

of maintenance works.

a. Replacement Plan of Circuit Breakers which will Lack

- Breaking Capacity in the Near Future

Out of the 230 kV and 115 kV circuit breakers, the
replacement of 11 circuit breakers which will lack
breaking capacity by 1995_haé been planned. There is no

69 kV circuit breaker which will lack breaking capacity,

San Jose Substation 230 kV GCB 2 sets

Binan Substation 230 kV GCB & sets
Dolores Substation . 1i5 kv OCB 5 sets

Total ) : 11 sets
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C.

Replacement Plan of 230 kV OCBs (o0il circuit breakers)

and ACBs (air circuit breakers)

There are 211 sets of.230 kV circuit breakers, comprising
158 GCBs, 37 OCBs and 16 ACBs. Of these, as the OCBs and
ACBs have deteriorated and have maintenance problems, the
replacement of 33 circuit breakers has been planned,
except for the 20 circuit breakers which are now being

replaced.

Bauang Substation 230 kV ACE 3 sets
Cabanatuan Substation 230 kV ACB 2 sets
Hermosa Substation 230 kV OCB 12 sets
Olongapo Substation 230 kV ACB 4§ sets
San José Substation 230 kV OCB 4 sets
Binga Power Plant 230 kV OCB 8 sets

Total : 33 sets

Replacement Plan of GCBs (gas circuit breakers) with

Structural Problems {gas leakage, etc.)

Gumaca Substation 230 kV GCB 3 sets
_ ' (Merilin, 1975%)

Naga Substation 230 k¥ GCB 1 set
(Merlin, 1975)

Total : ' 4 sets

In addition, the replacement of three 230 kV GCBs at
Santiago Substafion {made by BBC in 1982) and two 230 kV
GCBS at Pantabangan Power Plant (made by NISSIN in 1976)
was requested. However, sincé_the reason for the
replacements was not clear, and since the same kind of
circuit breakers are operatiﬁg without any problem at
other sﬁbstations_and power'plants, they were not

included in ‘the current replacement plan. These circuit

breakers should be examined further during the

feasibility study.
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d. Replacement Plan of 115 kV and 69 kV Circult Breakers

There are 150 sets of 115 kV and 69 kV circuit breakers,
comprising 25 GCBs, 103 OCBs and 22 ACBs. ©Of these,
replacement of 1% O0CBs and 14 ACBs has been planned as

requested by the area offices and power plants.

San Esteban Substation 115 kV ACB 2 sets

La Trinidad Substation 69 kV OCB 2 sets
San Manuel Substation 69 kv 0OCB 1 set

San Manuel Substation "Gé kv ACB 2 sets

Olongapo Substation 69 kV OCB 5 sets

Mexico Substation ' 69 kV OCB° 9 sets

Gumaca Substation . 69 kV OCB 1 set
Angat Power Plant 115 kV ACB 10 sets

Caliraya Power Plant 115 kV OCB 1 set

Total . 33 sets

(2) Replacement of Disconnecting Switches

Most of the disconnecting switches connected in series with
the foregoing circuit breakers to be replaced are difficult to
open and close, use piﬁ_insulatofs, or have structural
problems due to exireme deterioration through years of use.
Thus, replacement of these diécbnnecting switches has been
planned. The respective replacement plans will be reviewed

further during the feasibility study.

230 kV 86 sets

115 kv 36 sets
69 KV - 40 sets

Total 162 sets
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(3) Provision of Spare Circuit Breakers
As mentioned in Item 3 of Sub-clause 6.4.1, the provision of
230 kV GCBs (gas circuit breakers) of standard specifications
as spare circuit breakers has been planned.
230 kV 40 kKA GCB 3 sets {(two for NLRC, one for SLRC)

6.4.3 Priority Criteria and Priority

In consideration of the influence of faults, safety, and operation and

maintenance problems, the priority is set as follows.
1. Replacement of overhead ground wires

2. Replacement of circuit breakers which will lack breaking capacity

in the near future
3. Replacement of 230 kV circuit breakers
4. Adoption of steel towers for river or road crossings

5. Rerouting of transmission line section where restoration works are

difficult
6. Provision of defective insulator detectors
7. Replacement of 115 kV and 69 kV circuit breakers
8. Replacemen; of disconnecting switcﬁes

9.  Provision of spare circuit breakers
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Fig. 6-4-1 LUZON GRID POWER SYSTEM DIAGRAM
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Table 6-4-3

230kV _SUBSTATION TRANSFORHER TECHNICAL DATA (D)

NORTHERN LUZON REGIONAL CDNTER C1/3)
. Rated
Name of Bank | Capacity Connec- | Hanufac- | Hfg.
_ Voltage Remarks
Substations | Nos, VA (kV) tions turer Date
AREA 1
Bauang 11 50 | 220/69-13.8| Y-Y-D | INDUSTRIE | 1975
T2 ( 5) 67/13.8 D-Y ATELIERS | 1977 | Distri, Tr.
San Esteban| Tl 20 110/69-13.8| YD ITALTRAFO | 1977
' 2 50 | 220/115-13.8 | Y-Y-D | TAKAOKA | 1980
T3 ( 5)  61/13.8] DY | 0SAKA 1972 | Distri. Tr.
AREA 2
La Trinidad | Tl 75 220/69-13.8 | Y-Y-D | OSAKA 1982
T2 75 220/69-13.8 | Y-Y-D | OSAKA 1978
AREA 3
San Nenuel | TI 50 | 220/69-13.8 | Y-Y-D | MITSUBISHE 1568
Cabanatuan | T 50 | 220/69-13.8 | Y-Y-D | INDUSTRIE | 1973
T2 50 220/69-13.8 | Y-Y-D | OSAKA 1975
Labrador Tl 50 220/69-13.8 | Y-Y-D | HYUNDAT | 1998
AREA 4
Tuguegarao | Tl 40 | 230/69-13.8| Y-Y-D | NEIDENSHA | 1979
T2 (15) 69/13.8| D-Y AlLCHI 1979 | Distri, Tr.
Santiago | TI 40 | 230/68-13.8| Y-¥-D | MEIDENSHA | 1979
' 12 (15) 69/13.8 | D-Y ALCHI 1979 | Distri, Tr.
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Table G-4-3  230kV SUBSTATION TRENSFORHER TECINICAL DATA (2)

NORTHERN LUZON REGTONAL CENTER ( 92/3)
. Rated '
Name of - Bank | Capacity Connec- | Manufac- | ¥ig,
_ Yoltage Remarks
Substations { Nos. VA &V tions turer Date
Bayombong Ti 40 230/69-13.8 | Y-Y-D | MEIDENSHA | 1979
12 ( 15) 69/13.8 § D-Y ATCHI 1979 | Distri, Tr.
AREA-5
Hermosa 1 50 220/69-13.8 | Y-Y-D | FUII 1977
Olongapo 1 50 220/69-13.8 | Y-Y-D | INDUSTRIE | 1973
9 50 9220/69 D-Y KEIDENSHA | 1972
Botolan T1 50 220/69-13.8 | Y-Y-D | TAKAOKA | 1973
AREA 6
Concepeion T1 .50 220/69-13.8| Y-Y-D | FUJI 1980
Nexico Tl 100 990/69-13.8 | Y-Y-D | FUJI 1979
T2 100 | 220/69-13.8| Y-Y-D [FUJT | 1982
T3 100 990/69-13.8 | Y-Y-D | TAKAOKA | 1975
T4 ¢ 5) £9/13.8 | DY (OSAKA 1971 | Distri. Tr.
AREA T
San Jose T1 300 22&/115413.8_ Y-Y-p |FUII 1877 ¢
T2 ( 50) 115/34.5 | Y-Y | OSAKA 1978 | bistri. Tr.
Dolores T | 300 |220/115°13.8| Y-Y-D |FUJT | 1983
T2 300 | 220/116-13.8 | Y-¥Y-D | FUJL 1983
T3 300 - | 220/115-13:8°1 Y-Y-D | PUI 1985
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Table 6-4-3  230kY SUBSTATION TRANSFORMER TECHNICAL DATA (3)
SOUTHERN LUZON REGIONAL CENTER ( 3/3)
_ . Rated
Name of Bank | Capacity Connec- | Manufac- | Hfg,
_ . Yoltage : Remarks
Substations | Nos. QYD) &V tions turer Date
AREA 1
Batangas Ti 50 220/69-13.8! Y-Y-D | FUJX 1978
T2 50 220/6%-13.8 | Y-Y-D | FUJI 1978
AREA 2
Binan Tl 100 |220/115-13.8 | Y-Y-D |FU}L | 1978
T2 300 220/115-13.8 | Y-Y-D | FUJI 1982
T3 300 | 220/115-13.8 | Y-Y-D | FUT 1982
T4 300 220/115-13.81 Y-Y-D | FUJL 1982
— 1680 220/115-13.8 | Y-Y-D | FUJI 1978 | Stand-by
Gumaca T 40 230/69-13.8 | Y-Y-D | MEIDENSHA | 1979
AREA 3
Labo 1] 50 | 220/69-13.8| Y-Y-D | TTALTRARO | 1977
Haga Ti 50 230/69-13.8 | Y-Y-D | ITALTRAFO | 1977
Daragag Tl 50 | 220/69-13.8 | Y-Y-D | FUJI 1971
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