(3)

Results of 3rd Stage ¥Fvaluation

Adjustment with Power Development Plan (including Power

Generation Plan)

The term of the 5-year Master Plan for power plant reha-
bilitation is set to be 1994 to 1998. The power develop-
ment plan and power generation plan up to 2005 are shown

in Tables 4-1 -- 4-5, Table 6-1-15 and Fig. 6-1-8. As is

clearly indicated in these tables, it is.estimated that

the existing thermal power plants need to be operated at

the annual capacity factor of 70% on an average.
Ad justment with Mﬂintehance Plan

The implementation period for rehabilitation of Sucat No.
2 & No. 3 Units is scheduled as shown in Fig. 6-1-5,
Therefore, in reference to the 2nd stape evaluation
ré#ults, the rehabilitation schedule was arranged for the

other power plant units.

_ The pefiodic overhaul for each power plant should be

scheduled, in princi?le, for once a year. tAlsé, periodic

overhaul should bhe coordiﬁated'to minimize the

:ovgrlapping periods between ﬁhé-power plants and, in

addition, not to increase shutdown capacity d#ring the
overlapping period. The final rehabilitation work sched-
ule wés-drawn'up as shown in Fig. 6-1-5 after discussions

with NAPOCOR during the 2nd stage field investigation.
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ANNEX 1.

PLANT OPERATIONAL DATA

Bataan Thermal Power Plant

Manila Thermal Power Plant

Sucat Thermal Powar Plant

Halaya Thermal Power Plant

Batangas Coal Fired Thermal Power Plant
Bataan Gasturbine Power Plant

Malaya Gasturbine Power Plant
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~ ANNEX 2. SUMMARY RECORD OF FORCED OUTAGE

Bataan'Therﬁal Power Plant

Manila Thermal Power Plant

Sucat - Thermal Power Plant

Malaya Thermal Power Plant

Batangas Coal Fired Thermal Power Plant
Bataan Gasturbine Power Plant

Malaya Gasturbine Power Plant
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ANNEX 2.

SUMMARY RECORD OF FORCED OUTAGES

 BATAAN THERMAT, POWER PLANT UNIT No. 1

ITEMS 1986 | 1987 | 1988 | 1989 | 1990 | TOTAL
_}.EOILER AND AUXILIARY o
1) BOILER )
| 2) FUEL OIL'SYSTEﬁV 1 1] 2
3) AIR HEATER 1 2 1 4
4) FORCED DRAFT FAN 2 2
5) GAS RECIRCULATION FAN
6) VALVE AND PIPTNG 1 1 2
7) CONTROL SYSTEM B 2 1 1 4
2. TURBINE AND AUXILIARY
1) MATN TURBTNE 2 2
2) CONDENSER 1 1
3). CIRCULATING WATER PUMP | 1 2
4} CONTROL SYSTEM
3.CQNDENSATE AND FEED_WATER,SYSTEM )
1) CONDENSAmﬁ_AND MAKE-UP SYSTEM 1 1
2) MOTOR DRIVEN BFP | 3 1 3 7
3) TURBINE DRIVEN BFP
4) LOW PRESS. HEATER B
5) HIGH PRESS. HEATER
6) CONTROL SYSTEM 1 1
4. ELECTRICAL EQUIPMENT
1) GENERATOR & EXCITER 1 i 2
é) TRANSFORMER AND SUBSTATION 5 1 6
3) STATTON sgnvxcs'sfsrﬁu_: 3 2 5
'4) CONTROL SYSTEM
5. OTHERS |
1) B-T INTERLOCK 3 1 1 5
2) GENERATOR BACK-UP 2 2 1| .5
3} OQUTSIDE TROUBLE 1 1 2 4
' TOTAL 12 6 18 11 8 55
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SUMMARY RECORD OF FORCED OUTAGES

- BATAAN THERMAL POWER PLANT UNIT No. 2
1TEMS 1986 | 1987 | 1988 | 1989 | 1990 | TOTAL

1. BOILER AND AUXILIARY

1y EOTLER - : 3 2 5
2) FUEL OIL SYSTEM _J. 1 1
3) AIR HEATER 1 _ 1 6
4) FORCED DRAFT FAN | .2 2 4
5) GAS RECIRCULATION FAN ' 1y 1
6) VALVE AND PIPING } | 1 1 2| 1 5
7) CONTROL SYSTEM 3 1] 1 1 3 6

2. TURBINE AND AUXILIARY

1) MAIN TURBINE ' 1 . 1 1 : 3

2) CONDENSER - 1 1 : : 2

3) CIRCULATING WATER PUMP

4) CONTROL SYSTEM . : . - 1 -1

3, CONDENSATE AND FEED WATER SYSTEM

1) CONDENSATE AND HAKE-UP SYSTEM

2) MOTOR DRIVEN BFP S | 1 ' - 2 4

3) TURBINE DRIVEN BFP

4) LOW PRESS. HEATER

5) HIGH PRESS. HEATER

6) CONTROL SYSTEM

4, ELECTRICAL, EQUIPMENT

1) GENERATOR & EXCITER _ i o2 1l s

2) TRANSFORMER AND SUBSTATION

3) STATION SERVICE SYSTEM . 1] 1 ce2b 3.2l 9

4) CONTROL SYSTEM

(5]
N

OTHERS

1) B-T INTERLOCK N 1 1 o2 b A 7

2) GENERATOR BACK-UP

SR -

3) OUTSIDE TROUBLE . 1 N S 1

TOTAL 8 .6 i . 13) 21 59
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SUMMARY.RECOHD OF FORCED OUTAGES

__MANILA THERMAL POWER PLANT UNIT No. 1

ITEMS

1986

1987

1988

1989

1990

TOTAL

1.

BOILER AND AUXILIARY

1) BOILER

2) FUEL OIL SYSTEM

3) AIR HEATER

4) FORCED DRAFT FAN

5} GAS RECIRCULATION FAN

6) VALVE AND PIPING

7} CONTROL SYSTEM

TURBINE AND AUXILIARY

1) MAIN TURBINE

2) CONDENSER

3) CIRCULATING WATER PUMP

4) CONTROL SYSTEM

CONDENSATE AND FEED WATER SYSTEM

1) CONDENSATE AND MAKE-UP SYSTEM

2) MOTOR DRIVEN BFP

3) TURBINE DRIVEN BFP

4) LOW PRESS. HEATER

'S) HIGH PRESS. HEATER

6} CONTROL SYSTEM

E-
.

ELECTRICAL EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

:'3)'STATION SERVICE SYSTEM

4) CONTROL SYSTEM

OTHERS °

1) B-T INTERLOCK

' 2) GENERATOR BACK-UP

 3) OUTSIDE TROUBLE

TOTAL

10

26
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SUMMARY RECORD OF FORCED OUTAGES

ITEMS

1986

1987

MANILA THERMAL POWER PLANT UNIT No. 2
= LSS I

1988

1989

1990

1. BOILER AND AUXILIARY

1) BOILER

2) FUEL O1L BYSTEM

-

W D

TOTA;i]

" 3) AIR HEATER

4)

FORCED DRAFT FAN

5) GAS RECIRCULATION FAN

6) VALVE AND PIPING

7) CONTROL SYSTEM

2. TURBINE AND AUXILIARY

1) MAIN TURBINE

‘2) CONDENSER

3) CIRCULATING WATER PUMP

4) CONTROL SYSTEM
3. CONDENSATE AND FEED WATER SYSTEM
1) CONDENSATE AND MAKE-UP SYSTEY

2) MOTOR DRIVEN BFP

3) TURBINE DRIVEN BFP

4) LOW PRESS. HEATER

5) HIGH PRESS. HEATER

—

4. ELECTRICAL EQUIPMENT

1) GENERATOR § EXCITER

2} TRBNSFORMER_AND SUBSTATION

3) STATION SERVICE SYSTEM

4) CONTROL SYSTEM

5. OTHERS

1) B-T INTERLOCK

2) GENERATOR BACK-UP

3) OUTSIDE TROUBLE

TOTAL

18§




SUMMARY RECORD OF FORCED OUTAGES

'SUCAT THERMAL POWER PLANT UNIT No. 1

ITEMS

1986

1987 1288 1989 1990

TOTAL

1. BOILER AND AUXILIARY

1) BOILER

2) FUEL OIL SYSTEM

AIR HEATER

\ FORCED DRAFT FAN

GAS RECIRCULATION FAN

VALVE AND PIPING

7) CONTROL SYSTEM

2. TURBINE AND AUXILIARY

1) MAIN TURBINE

2) CONDENSER

3) CIRCULATING WATER PUMP

4) CONTROL SYSTEM

3.CONDENSATE AND FEED WATER SYSTEM

1) CONDENSATE AND MAKE-UP SYSTEM

2) MOTOR DRIVEN BFP

'3) TURBINE DRIVEN BFP

4) LOW PRESS. HEATER

5) HIGH PRESS. HEATER

6) CONTROL SYSTEM

4. ELECTRICAL EQUIPMENT

1} GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

~3) STATION SERVICE SYSTEM

4) CONTROL SYSTEM

5. OTHERS

1} B~T INTERLCCK

2)' GENERATOR BACK-UP

3) OUTSIDE TROUBLE

TOTAL

15

& - 97



SUMMARY RECORD OF FORCED OUTAGES

SUCAT THERMAL POWER PLANT UNIT No.

2

ITEMS

1986

1987 1988 1989 1990

TOTAL

1

. BOILER AND AUXILIARY

1} BOILER

2) FUEL OIL SYSTEM

3) AIR HEATER

4} FORCED DRAFT FAN

5)

CGAS  RECIRCULATION FAN

6} VALVE AND PIPING

7) CONTROL SYSTEM

2

. TURBINE AND AUXILIARY

1) MAIN TURBINE

2) CONDENSER

3} CIRCULATING WATER PUMP .

3.

4) CONTROL SYSTEM

CONDENSATE AND FEED WATER SYSTEM:

.1.)

CONDENSATE AND MAKE-UP SYSTEM

2) MOTOR DRIVEN BFP

3) TURBINE DRIVEN BFP

4) LOW PRESS. HEATER

5) HIGH PRESS. BEATER

6)

4

CONTROL SYSTEM

. ELECTRICAL EQUIPMENT

1} GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

3) STATION SERVICE SYSTEM

5

4) CONTROL SYSTEM

. OTHERS

1} B-T INTERLOCK

2) GENERATOR BACK-UP

3) OUTSIDE TROUBLE

TOTAL

15

6 ~ 98



SUMMARY RECORD OF FORCED QUTAGES

ITEMS B | 1986 | 1987 | 1988 | 1989 | 1990 | ToTar
1. BOILER AND AUXILIARY 3 )
1) BOILER i 2
2) FUEL OIL SYSTEM !
3) AIR HEATER 1 5 1
4) FORCED DRAFT FAN B
5) GAS REGTIRCULATION FAN
6) VALVE AND PIPING - 1 1
7) CONTROL SYSTEM 1 1 2
2. TURBINE AND AUXILIARY
1) MAIN TURBINE .'1 - 1 2
2) CONDENSER B 1 2
3) cmcui.mmc WATER PUMP 1 1]
4.) CONTROL SYSTEM ] 1 2
3. CONDENSATE AND FEED WATER SYSTEM
1) cdnnz:‘usmi-: AND MAKE-UP SYSTEM
2} HOTOR DRIVEN BFP 1 1
3) TURBINE DRIVEN BFP 1
4) LOW PRESS. BEAT.EP; |
5) HIGH PRESS. HEATER 1 1
6) CONTROL SYSTEM 1 2 3
4. ELECTRICAL EQUIPMENT
1) GENERA;IOR & EXCITER L 3
2) TRANSFORMER AND SUBSTATION 2 2
3') STATION SERVICE SYSTEM | 1
4) CONTROL. $YSTEM -
5. OTHERS |
1.) B-T INTERLOCK 1 1
2) GENERATOR BACK-UP
3} QUTSIDE TROUBLE , B
7 10 29

TOTAL

-6 - 99



SUMMARY RECORD OF FORCED OUTAGES

SUCAT™ THERMAL POWER PLANT UNIT No.

4

ITEMS 1586

1987 1988 1989 1990

TOTAL

1. BOILER AND AUXILIARY

1)

BOILER

2)

FUEL OIL SYSTEM

3)

AIR HEATER

4}

5)

FORCED DRAFT FAN

GAS RECIRCULATION FAN

6)

VALVE AND PIPING

7)

coﬁTROL SYSTEM

2. TURBINE AND AUXILIARY

1)

MAIN TURBINE

2)

CONDENSER

3)

CIRCULATING WATER PUMP

i)

CONTROL SYSTEM

3. CONDENSATE AND FEED WATER SYSTEM

1)

CONDENSATE AND MAKE-UP SYSTEM

2)

MOTOR DRIVEN BFP

3)

TURBINE DRIVEN BFP

4)

LOW PRESS. HEATER

5)

BIGH PRESS. HEATER

6)

CONTROL SYSTEM

4. ELECTRICAL EQUIPMENT

1)

GENERATOR & EXCITER

2)

TRANSFORMER AND SUBSTATION

3)

STATION SERVICE SYSTEM

4)

CONTROL SYSTEM

5. OTHERS

1)

B-T INTERLOCK

2)

GENERATOR BACK-UP

3)

QUTSIDE TROUBLE

TOTAL

24

6 = 100




SUMMARY RECORD OF FORCED OQUTAGES

MALAYA THERMAL POWER PLANT UNIT No. 1

ITEHS 1986 | 1987 1988 1989 1990 | TOTAL

1. BOILER AND AUXILIARY

1} BOILER ' 1 1 2

2) FUEL OIL SYSTEM

3) AIR HEATER 2 2

4) FORCED DRAFT FAN

5) GAS RECIRCULATION FAN

6) VALVE AND PIPING 1 1 1 1 4

7) CONTROL SYSTEM 1 4 3 3 11

2. TURBINE AND AUXILTARY

1) MAIN TURBINE A _ ' 1 1 i 3

2) CONDENSER _ _ 1 "
3) CIRCULATING WATER PUMP’ _ 1 o 1
4) CONTROL SYSTEM ' 1 2 3

3. CONDENSATE AND FEED WATER SYSTEM

1) CONDENSATE AND MAKE-UP SYSTEM 1 . : 1

2) MOTOR DRIVEN BFP } 1 ) 1

3) TURBINE DRIVEN BFF

4) LOW PRESS. HEATER

5) HIGH PRESS. HEATER

6) CONTROL SYSTEM S 2 1 2 >

=
.

ELECTRICAL EQUIPMENT

1) GENERATOR & EXCITER 2 S 03
2) TRANSFORMER AND SUBSTATION ' e 10 - 1
3) STATION SERVICE SYSTEM 2 ' 2

4) CONTROL SYSTEM

5. OTHERS

1) B~T INTERLOCK _ : 3 1l 1 5
2) GENERATOR BACK-UP 5 5

3) OUTSIDE TROUBLE

TOTAL : 6 2 13 13 16 5¢
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SUMMARY HECORD OF FORCED QUTAGES

. MALAYA THERMhL_POWER PLANT ﬂNIT No. 2
ITEMS 1986 1987 1988 1989 1990 TOTAL

1. BOILER AND AUXILIARY

1) BOILER o 3 3

2) FUEL OIL SYSTEM 4 4

3} AIR HEATER

4} FORCED DRAFT FAN

5) GAS RECIRCULATION FAN i ' 1
6) VALVE AND PIPING - 1 1
7) CONTROL SYSTEM - 1 ' - 1|

2. TURBINE AND AUXILIARY

1) MATN TURBINE 1 N 1

2)- CONDENSER 1l 1 2

3) CIRCULATING WATER PUMP

4) CONTROL. SYSTEM

CONDENSATE AND FEED WATER SYSTEM

e
.

1) CONDENSATE AND MARE-UP SYSTEM

2) MOTOR DRIVEN BF¥®

3) TURBINE DRIVEN BFP

4) LOW PRESS. HEATER

5) HIGH PRESS. HEATER

6) CONTROL SYSTEM

4. BLECTRICAL EQUIPMENT

1) GENERATOR & EXCITER EEUE 1l o 1

2) TRANSFORMER AND SUBSTATION

3} STATION SERVICE SYSTEM 2l ] 1 2

4) CONTROﬁlSYSTEM - N 1. - 3:  : g
| 5. oTHERS

1) B~T INTERLOCK . R _ T oal 3

2} GENERATOR BACK-UP

3) QUTSIDE TROUBLE

TOTAL . i s| 3] 1 1ol . 20




SUMMARY RECORD OF FORCED OUTAGES

BATANGAS THERMAL POWER PLANT UNIT No. 1

777777 o ITEMS 1986 1987 | 1988 | 1989 | 1990 | ToTAL
1.éo§LEn AND AUXTLIARY
. i) BOILER 1 1 1 1 [ ) 10
2) FUEL OIL & COAY SYSTEM 2 2 1 5
3) AIR HEATER | 1 1
4) FORCED bRAFT FAN & qu 5 5
5) GAs'REchcbiAT;ou FAN
6) VALVE AND PIPING 1 1 2 4
7) CONTROL SYSTEM 2 2 1 2 1 8
2. TURBINE AND AUXILIARY N
1) MAIN TURBINE 2 1 1 4
" 2) CONDENSER ) B 1 1
3) CIRCULATING WATER PUMP
4) CONTROL SYSTEM 1 3 1
3. CONDENSATE AND FEED WATER SYSTEM N
'i} CONDENSATﬁ.AND.MAKE—UP SYSTEM 1 1
2} HOTOR DRIVEN:BFP 1 i
33 TURBINE DRIVEN BFE L 1 1 2
4) L.OW PRESS. HEATER
5) HIGH PRESS. HEATER
* 6) CONTROL SYSTEM ] 1 1 2
4. ELECTRICAL FQUIPMENT
1) GENERATOR & EXCITER 1 2 3
2) TRANSFORMER AND SUBSTATTON 1 N 1
3) sTATi6N SERVICE SYSTEM 1 1
4) CONTROL SYSTEM
5.6THER5 |
1} B-T INTERLOCK: 3 10 51 23 12 53
'2) GENERATOR BACK—ﬁP 2 1 2
:3) oﬁfSIbE TROUBLE M__
TOTAL 16 19 12 36 22

105
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SUMMARY RECORD OF FORCED OUTAGES

N BATAAN GASTURBINE POWER PLANT UNIT No. 1
ITEMS 1986 | 1987 | 1988 ! 1989 | 1690 | TOTAL

l_. GAS TURBINE AND AUXILIARY

1) GAS TURBINE . _ 1 1

2) AIR COMPRESSOR S 1 1

3) COMBUSTER

4) LOAD GEAR

5) STARTING EQUIPMENT _ 3 3
6) FUEL OIL SYSTEM _ _ S 2 3
7) CONTROL SYSTEM : ‘ 2 2

Z.ELECTRICAL'EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

3) STATION SERVICE SYSTEM _ L : . . 2 2

4} CONTROL SYSTEM

3. O'THERS

1) GT INYERLOCK

" .2) GENERATCR BACK-UP

3) OUTSIDE TROUBLE R . 1 1

TOTAL o ;o . 1 12 13

6 - 104
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SUMMARY RECORD OF FORCED OUTAGES

'BATAAN GASTURBINE POWER PLANT UNIT No. 2

TTEMS 1986 1987 1988 1989 1990 | TOTAL
1. GAS TURBINE AND AUXILIARY
1) GAS TURBINE 1 1 2
2) AIR COMPRESSOR | 4 o oy 1
3) COMBUSTER 1| 1
4) LOAD GEAR
5) STARTING EQUIPMENT
6) FUEL OIL SYSTEM 1 1
7) CONTROI, SYSTEM B
2. ELECTRICAL EQUIPHENT
15 GENERATOR & EXCITER 1 27 3
Z) TRANSFORMER AND SUBSTATION
3) STATION SERVICE .SYSTEM 1 1
4) CONTROL SYSTEM
3.0mRERS
1) 6T IN_TERt,bcx N
'2) GENERATOR BACK-UP
3) OUTSIDE T-ROUBLE
TOTAL 7 _9J
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SUMMARY RECORD OF FORCED QUTAGES

ITEMS

1986

BATAMN GASTURBINE POWER PLANT UNIT No, 3

1987

1989

1990

1.

GAS TURBINFE AND AUXILIARY

1988 |

1) GAS TURBINE

- 2) AIR COMPRESSOR

3) COMBUSTER

4) LOAD GEAR

5) STARTING EQUIPMENT

6) FUEL OIL SYSTEM'

7} CONTROL SYSTEM

BLECTRICAL EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

3) STATION SERVICE SYSTEM

4) CONTROL SYSTEM

3.

OTHERS

1) G INTERLOCK

2) GENERATOR BACK-UP

3} OUTSIDE TROUBLE

TOTAL

10

11

6 - 106



SUMMARY RECORD OF FORCED OUTAGES

BATAAN GASTURBINE POWER PLANT UNIT No., 4

I TEMS

19886

1987

1988

1989

TOTAL

1. GAS TURBINE AND AUXITIARY

1) GAS TURBINE

2} AIR COMPRESSOR

3) COMBUSTER

4) LOAD GEAR

5} STARTING EQUIPMENT

6) FUEL OIL SYSTEM

7) CONTROL SYSTEM

2. ELECTRICAL EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

. 3) STATION SERVICE SYSTEM

'-4) CONTROL SYSTEM

3. OTHERS

1) GT INTERLOCK

2) GENERATOR BACK-UP

3) OUTSIDE TROUBLE

'TOTAL

6 - 107



SUMMARY RECORD OF FORCED OUTAGES

MALAYA GASTURBINE POWER PLANT UNIT No. 1

ITEMS

1986

1587

1988

1989

1990

TOTAL

1.

GAS TURBINE AND AUXILIARY

1) GAS TURBINE

2) AIR COMPRESSOR

3) COMBUSTER

4) LOAD GEAR

5) STARTING EQUIPMENT

6) FUEL OIL SYSTEM

7) CONTROL SYSTEM

ELECTRICAL EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

3) BTATION SERVICE SYSTEM

" 4) CONTROL SYSTEM

OTHERS.

1) GT INTERLOCK

2} GENERATOR BACK-UP

3) OUTSIDE TROUBLE

TOTAL

11

6 ~ 108




SUMMARY RECORD OF FORCED QUTAGES

MATLAYA GASTURBINE POWER PLANT UNIT No, 2

TTEMS

1987

1988

1989 19%0

TOTATL:

1.

GAS TURBINE AND AUXILIARY

1986

1) GAS TURBINE

2) AIR COMPRESSOR

3) COMBUSTER

4) LOAD GEAR

5) STARTING EQUIPHENT

6) FUEL OIL SYSTEM

7) CONTROL SYSTEM

ELECTRICAL EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

3) STATION SERVICE SYSTEM

4) CONTROL SYSTEM

OTHERS

1) GT INTERLOCK

2) GENERATOR BACK-UP

3) OUTSIDE TROUBLE

TOTAL

6 - 109




SUMMARY RECORD OF FORCED OUTAGES

ITEMS

1986

1987

1989

1990

1.

GAS TURBINE AND AUXILIARY

1988

1) GAS TURBINE

2) AIR COMPRESSOR

3) COMBUSTER

4) LOAD GEAR

5) STARTING EQUIPMENT

6) FUEL OIL SYSTEM

7) CONWTROL SYSTEM

ELECTRICAL EQUIPMENT

1) GENERATOR & EXCITER

2) TRANSFORMER AND SUBSTATION

3) STATION SERVICE SYSTEM

4) CONWNTROL SYSTEM

3. OTHERS

1) GT INTERLOCK

2) GENERATOR BACK-UP

3) OUTSIDE TROUBLE

TOTAL

6 - 110
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ANNEX 3. SUMMARY OF MAJOR REHABILITATION WORKS
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ANNEX .3 SUMMARY OF MAJOR REHABTLITATTION WORKS

ITEM MALAX% MALA.Y% SUCA'{‘ SU(fii"l;‘ SUCA'%‘ SUCA'%‘ MANIL? MANIL}ZX BATAAPII BATAI_\%I B}égéifGAS REMARKS
Boller
a. Superheater Detailed inspection of SH tubes (@ ® @ © © © © © © 5
| ® x| @® % | | |
Replacement of SSH tube Par-. Par;-— ® © © © © © ©
_ t.ia131992tial}19929artial :
_ * _
Replacement of roof SH tube @ . ﬂf % Primary SH
' partiall 1992
Replacement. of déteribrated/ .
thinning tube @ @ @ @ @ @ @ @ @ @ 1992
b. Reheater Detalled inspection of RH tubes] @ () © © © © © © lgﬁgz
Replacement of RH tube . ‘iﬁ' ' @) @ @ : @ @ ﬂv
‘ Partiall 1992 Partiall Partiall Partial 1992
Replacement of deteriorated/ _ - _
thinning tube _ @ @ . @D @ @ @ @ @ @ 13%2
‘¢. Water wall Detailed inépection of W/W tube 0] ) @ | @,) @ © @ © ©
® ¢ -
Replacement of W/W tube @ Par- @ : 7{:( @ @
Partialit1all992 1992
d. Boiler Casing & | Repalx of leakin'g boiller -
Gas, Ailr puct casing and gas, air duct @® 5% ® ® D) © © © © ©
1993 . . 1992
At : N Replacement of SH and RH :
€. temperator attemperator spray nozzle @ @) @ @ @ @ @ @
£ _ Modification of steam atomizing - * Coal Burner
- Burner ' burner system : @ @ ® @ @) © 13%2 k)0 :
g. Bottom Hopper Repalr of bottom ash hopper @ @
Replacement /repalr of safety - ' | :
h. Safety valve valve | 3@3 | _ _ ﬁ{ VAe
Boiler Auxillaries . - . : _ ' E S * : |
a. Forced Draft Fan Replacement/repalr of FDF/GRF @ @ @ @ : ';ﬁ( xk Transfer of FDF
/Gas Reclrcu- : FDF FDF | : FDF FDF GRF -
b Aiation Fan Replacement of heating elements| = . ' . : P
- Alr Heater and parts 1;1%2 @ .1‘9%’2 ® ® © © @) : © © © 1355

LEGEND : @—Implemented @—lst Priority O-an Priority 7{\\?-'1'0 be impiemented 1n overhaul
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ITEM MALAYA | MALAYA | SUCAT | SUCAT | SUCAT | SUCAT | MANILA | MANYLA | BATAAN | BATAAYN BATANGAS REMARKS
-1 -2 - ~4 -2 -3 S | -2 -1 -2 | CF-1
¢. Steam Coil Alr * * AddLtional of SCAH
Heater Replacement of heating elements) ® © © © © © ¥ onal o
Modification of SCAH drain ; .
system @’) @ @ @ @ @
Replacement/repair of fue_l- oil
‘d. Fuel 0il Firing heater @ @ @ @ @ @ @
System ‘ 1993 '
Modification of light oil
firing system : @ @ @ @
e. Ash Handling Replacement of ash handling
System system ' @ @ @ @ @ @ @ 1952
Replacement/repalr of dust - *
collector @ @ ® © © © © 28, % EP
. Repalr/modiflcation of ‘ :
£. Auxillary Steam . : .
System auxiliary steam line and @ ® ) © © © ©
' auxiliary boiler Aux. B
; Replacement /repair of scot ‘ ' R
g. Soot Blower blower ® | @ O] © © © © © © o
1992 - 1992
Inspection and repair of pipe * * * % Inspection of main
h. Piping System line : @ ® @ @ © ©) - © @ © steam pipe
i. smoke stack. Guniting for smoke stack ¥ @ © (@) O k¢
1993 1992
j'. Stacker and
Realignment of the rail _
Reclaimer
: . 1992
k. Cool Yard Cement. all stockplle flooring 75{
1. Conveyor Replacement/repair of conveyor
, 1992
| Rehabilitation of transfer
m. Transfer Tower
tower
1993
n. Mill Replacement/repaii: of mill .
1992

6 - 113




ITEM MALAYZIX MALAY% SUCA'.]I" SUCAT SUCA%‘ SUCA%{' MANILJ} MANIL% BATAA%I BATAA%T BégAISSGAS REMARKS
Turbine
a. HP Turbine Major inspection @ @ @ @ @ @
Replacement of inner casing @ @ @ @ @
. * * sk Plagnosis of
Replacement of turbine rotor ?;;ge Bd @ © ®) © © © © remaining life
: ade
bh. IP Turbine Major inspection @ @ @ @ @ @ @ @ @ @
Replacement of inner casing ® @ © © © ©
. _ _ * * s Diagnosis of
Replacement of turbine rotor _ * @ @ @ @ @ @ : @ remaining 11fe
1993 Blade Blade
_ * *
c. LP Turbine Major luspection @ @ ® @) © @ @ @ © ©
@ if( ' * * sk Diagnosis of
Replacement of turbine rotor Blade Blade ® @ Blade @ @ @) remaining life
1993 1992 1990 | Blade ’
Replacement of casing __
1994
4. Main St 1 Replaéément of turbine main
. Main op Valve valve . @ @ @
MSV MSV Parts
e. BFP Turbine Réblading of BFP turbine Yie
1993
Turbine Auxiliariesg] - : @ ﬁ o . % xALlr cooling zone
a. Condenser Replacement of tubes Aux @ ® _ © @ ke ke only
. _ 1992 1983 Partiall 1991 Partialll986 1991 1993 1993 1992
Installation of on-line
cleaning and Debris filter Ve
system _ 1993 1993 1992 1993
b. Low Pressure . _ @ ‘;i"( .
Feed Water Replacement of LP heater #3 #3 | #2,3 © @
Heater 1993 1992 #3 o #3
c. High Pressure _ _ . @ % iﬁi’ @ i @ _ @
Feed Water Replacement of HP heater _[;'SA, SA #6 #5A4, 5B WOA,#6B | #5,1983] #5, #6 e
Heater 5B 130; 1993 | #6A,6B | #5A,5B [1991 #6,19811983 HP#1, #2| HPH1,2
Tnstallation of HP heaters ' ' )
by-pass line @
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ITEM 'MALAYIIX MALAY}% SUCA}' SUCAT SUCA%’ SUCA%‘ MANIL? MANIL}ZX BATAAIiI BATAAI&] BIégAtlJGAS REMARKS
d. Deaerator Modificatlon of deaerator 72
1994 1993
e. Turbine Oil Pump Replacement/repalr of oil puwmp @ G
JoP
£. Turbine Lube 0il] Modification of lube. oil
System purifying system
g. Air ejector Replacement. of air ejector © ©
h. Extraction -Agditional zon—returntvalve at
Steam 1ine the extraction steam to @)
deaerator '
1. House Service Replacement of HSCC heat
Closed Cycle exchanger 7«'1? @) @ O O @
Heat. Exchanger 1993 Tube
Additional installation of heat '
exchanger @ ﬁ( @
1993 1991
j. Boiler Feed £ * BFP Outl 1
Water Pump Replacement/repair o .BFP @ @ @) @ @ = > 3 utlet valve
k. Circulating 1 Reol ' i ' . C. :
Water Pump eplacement /repair of CWP @) 1;‘253 13%3 P@t I_,@t
arts arts
1. Conden's'a'te 1 ' £ cp - i\{
Water Pump Replacement /repalr o * 7"{( ?;9;
bibing Svet Repalr of damaged pipe _
m. Fiping system insulation ® ® O, @ © © © © © ©
Installation of travelling
n. Others @
crane
Replacement of passenger * _ * pgditional
elevator @’ ‘k ‘iﬁf installation
Répair/replacement of power o : _
house ventilation fans @ 1683 ' @ @ @ @ @ @
0. Cooperation with Invitazion of Ma_;ufagture_r}s1 . . 1 | ‘ |
manufacturer supervisor for the above check= O @ ® @ © © © @) @) © ©
' ing/improvement/replacement :
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ITEM MALAY.ZI\ MALAY% SUCA'{' SUCEA"II‘ SUCA%‘ SUCA%‘ M.ANIL% MANIL% BATAAtf BATAA%I B%gAlfGAS REMARKS
gwm__leitricﬁ_ Replacement/repair of * susy * * sk Diagnosis of
Equipment generator stator usiing @ @ @ @ @ remaining life
a. Generator 1992 1992 _

Replacement/repalyr of * : skDiagnosis of
generator rotor @ © © © 11 © remaining life
b. Exclter Replacement /repalr of exclter * @ @ @
1992 '
Replacement /repalr of AVR ® © @ © ©
G d seal oil Replacement/repalr of generator
¢. Gas and Seat o gas and seal oil equipment © @)
d. Batteries and Additionai/replacement of * * %k Additional silicon
CVCF/UPS batteries O @ 'ﬁ? PAY dropper
Additional of CVCF/UPS set ) © © e
e. Emergency Diesel Automatic start and -cabling of
Generator emergency diesel generator 1;%3
c 'Replacement of 4,160V/480V ‘72? : O
. Motor notor CWP e CP,BFP | CP,BFP ©
. 1992 RWP RWP CWP CwpP CHP ACP
tteh Replacement of 4,160V switch-
g. Switchgear gear : . O O ‘i&f
P/C,Tr | P/C,Tr VCR
additional/replacement of MCC @ © B,T,SS, Yie
E B,7,88 | VF p/C
h. Power Cable Replacement of powér cable ® ® 4,16kV| 4.16kV :
: o 480V 480V 4.16kV | 4.16kV 15kV
Replaéemer;t/repazir of switch-
i. Switchyard o 7{:?
yard equipment :
_ GCB GCB,DS | GCB,DS GCB,LA | GCB,LA
j Communication ‘Additional communication | '
Facilities facilities W ® pAe w w A
Replacement. of fire protection
k. Others : @
system _
Replacement of soétblower '
electrical control system @ @ O O 1692
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ITEM MALAYIE MALAY)ZA SUCAT SUC{\-%‘ SUCA%“ SUCA%‘ MANIL% MANIL% BATAAbf BATAAI; Blé%Al‘liGAS REMARKS
Instrument and Additional recorder For condens . _
Control sate flow, turbine speed/cam ® @ ® © ©
position, condenser vacuum &
generator output
Replacement of Iocal gauge and ® © ©
meter ' :
Replacement of control board '
recorder and Iindicator TQT “tﬁi’ @ @ @ O O @ @
_ 1993 1993
Replacement /modification of ' ,
ABC and start-up system @ 7:3? @) @ @ @ @
N-90 N-90 N-90 N-90 N-90 N-30 N-90 N-90 N~-90 N-90
Spare parts ® ® © © © © © | ©
Replacement/modification of
fuel o0il control system B @ @
urner
Installation of furnace/smoke
monitoring TV @ @ @) @ @ @ 'ﬁ\’ 71}('
. Smoke sSmoke
Replacemeni of boiler metal :
temperature measurement @ @ @) @ @
19921 1993 _ _
ABC and start up control : :
overhaul/calibration and fine ® ® ® @ © © ®) © © ©
tuning '
Deaerator, Heater : ' ) '
& condensate @ @) @ : @ O O @
drain control
Replacement/ Aux. steam and - :
repair of .| AH temp. control @ @ ‘ﬁ(’ @ @ @ @ : O O @
local centroll -~ 1992 .
Others @X®xl ® | ® | © | ©1 O] O] ®
1992 1992 ' :
Replacemén't/repair of EHG. @ @ @ @ @
Replacemént of relay for plant | '
interlock - ' @ @ @ @ O @
Inprovement of central control _ * L
room air conditioner @ o ' % Repalr
: E 1992 199_2
Additional control/station 5% - ¥
service air compressor and CONT CONT @ @ S8
madification of piping 1992 8WYD 1992
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ITEM MALAYA | MALAYA SUCA'%‘ SUCA%‘ SUCA%‘ SUCA%“ MANIL% MANILI:-Z\ BATAAl:\lT BATAAlg B}ég‘Ag-IGAS REMARKS
Instrument and .
Control Additional first out indicator _
Modification of alarm system
Additional alarm and
annunciator @ @ @
Modification for load run-back . ® @ ©
FDF,CWB FDF, CWRFDF,CWP [FDF,CWP [FDF,CWP FDF,CWP

Additional/replacement of
protective relay ® ©

_ GEN GEN
Replabément of fuel oil
flow meterxr @ @ @ O O O 71\47
Replacement of drum level
transmitter/indicator : @ _ ?A\\’ 7:\\\’ Tﬁ? ﬁ
Replacement df mercury type _ .
float, temp. & press. switches 1;1%2 © O O
Replacement of BFP minimum - :
flow and control valve © © w A ¢
Additional sequence of event .
recorder @ @ @ @ @ @ @ @
Replacement of flue gas 03 . ' ' _
measurement. @ @ @ @ @ @ @ @
Replacement. of turbine _ R
supervisory instruments @ 1983 @ @ @ @
Additional generator Hy purity :
meter ' @ @ @ @ @ O O iL(' ‘i}f
Replacement of turbine wall .
stress evaluator ©)] @)
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ITEM MALAYA | MALAYA | SUCAT | SUCAT | SUCAT | SUCAT | MANILA | MANILA | BATAAN | BATAAN BATANGAY REMARKS
-1 -2 -1 -4 -2 -3 -1 -2 -1 -2 | CE-1
Deminerallzexr % s Replacement of HCl
' additional demineralizing plant @ @ @ tank
1986 1984 1993
Additonal pre-—waf:er treatment _
plant | @ @
: 1986 1931
Overhauling and resin make-up ﬂ( 7{\:\, ﬂ-{ *
' 1992
Using of Laguna Lake Water @ _ —_ —
Neutralizing equipment YA Nig ®
1992 .
l:epf]:aceme:t of demineralizer pi, Conductivity
rumen
e ents PH,Conductivity] Silica ‘Sllica
Condensate : ;
—_— Replacement of control panel
Polishing Plant including instruments @ - - @9 @ @ - - - -
Repair/replacement of
control system for automatic — — @ © © — — — —
operation
Using of higher quality caustic
socda of rayon grade - - @D - - - -
Ovefhauling,and resin make-up * —_ — ¢ @ @ — — — —
Adjustment. of resin level - — — — — @ @ — — — —
Installation of condensate '
magnetic filter - - - @ @ @ - - - "“
0il Water Installation of oil water
' Sep 1992
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ITEM MALAYA | MALAYA | SUCA'T | SUCAYT SUCAT SUCAT | MANILA | MANILA | BATAAN | BATAAN BATANGAS REMARKS
- 2y -1 -4 -2 -3 -1 -2 -1 -2 [ CF-1
Secondary Water Replacement of chemical fead
Treatment system @ © @ @ @
a. Chemical Feed 1992
System Determination of NH3 _
b. Chemical Feed injection by the measurement jfg{ @ @
Contxrol of conductivity '
Automatic pH control e ® ® ' © ©
Sampling Rack _ : :
Replacement of sampling rack @ _ ® ®) © © © e ke %
: . 1992 1992
Monlitoring Additional of chemical . ' .
Instrument monitoring instruments @ @ @ @) @ @ O O * ‘* *
Cooling Water Change of water quality ; ' '
a. House Service analysis item ® O] ) © © © © © @ ®
Closed Cycle o
Heat Exchanger '
- Injection of chemicals @ @ ® © © © © ®
Check of sacrifical zinc plate @® @ @ © © © @) © © ®
b. Conde.nser Replacement/repair of cathodic : . _ _
Cooling Water | protection equipment @ O] © © O O @) @ @
Replacement of travelling : - .
water screen s @h el w ©h P O O
as as
Replacement of raw water pump i\{
1992 1992
Reinstallation of gantry crane *
. - 1992
.Replacement/repair of circula- x * *_ *Including marine
ting water pipe line © - © 1;%2 pipe '
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6,2

Geothermal Power Plant

For the Philippinés, not rich in energy resources, the geothermal power
is an important indigenods energy source and the potential in the
countrj'is said to be 200,000 MW.century. Should one tenth of the
potential be effectively developed, the available énergy would be as

large as 20,000 MW .for a century operation.

The Philippines has been suffering from the extreme shortage of foreign
exchange since her economic crisis in 1983. In such economic situation,
the geothermal power generation, which can produce electric energy from
the indigenous energy resource and does not require precious foreign
exchange like the thermal power, has come to play an important role year
by year.'_In the Power Expansion: Frogram formulated by National Power
Corporation (NAPOCOR) in 1991, the development of the geothermal power
makes the center with a high priority together with the coal-fired

"~ thermal power plants.

There are two geéthErmal power plants in the Luzon Grid, Tiwi in Albay
Province and Mak-Ban at Bay and Calawan in Laguna Province. The
installed capacity.of each_pbwer plant is 330 MW, or 53 MW x 6 Units
{660 MW in total). The installed capacity of these power plants has the
share of 15% of the system total and the annual generation'2¢i in 1990..
The ' capacity factor in 1990 recorded 682 in Tiwi and 88Z in Mak-Ban,
while 857 is generally used in the installation planning in Japan.
since the average capacity factor of the 10 best power plants in the
Luzon_Grid was 55.8% (in the'same'yéar), both Tiwi and Mak-Ban were

operated at more than the average.

the reason why the capacity factor of Tiwi was conspicuously lower than
that of Mak-Ban is the insufficient steam supply in the Tiwi geothermal

area. If the necessary quantity of steam supply is available, Tiwi may

" be operated with a capacity factor higher than 85Z.

For reliable operation of the geothermal power plants at the rated

output, the following essential conditions should be satisfied.
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1) The necessary quantity of geothermal steam supply is always

secured.
2) The steam purity at the turbine inlet is sufficiently high.

3) The equipment and facilities are properly operated and periodically

maintained and there is no factor to hamper the operation.
4) The spare parts are readied in the store.

Items 1) and 2) above are exciuded from thé discussion in this report
since these are the matters to be handled by PGI (Philippine Geothermal
Incorporated),'the steam supplier, and not by Tiwi and Mak-Ban Power
Plants. Only the review of the steam supply plan of the steam supplier

is made in this report.
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Table 6-2-1
SUMMARY OF GEOTHERMAL POWER PLANT FACILITIES

GEOTHERMAL WELL TURBINE GENERATOR
FOWER | PLANT PRODUCTION WELL REINJ.|TOTAL]TOAL | PLANT | COOLING B
PLANT | OUTPUT ) WELL |STEBMiHOT- | CYCLE | TOWER |UNIT RATED |STEAM STEAM EXHAUST |SPEED|MANUFAC~|RATED VOL-| FREQU~ | MANUFAC- | COMMISS-
NUMBER| TOTAL, |MAX.MIN|NUMBER|FLOW |WATER No. TYPE |OUTPUT|PRESSURE! TEMPERA-| PRESSURE TURER CAPACITY | TAGE|ENCY [ TURER TONING
DEPTH |DEPTHS FLOW ' TURE
kW m m- - t/h -} £/h kW kg/em2 C mmHg.abs! rpm kva kv Hz
- CROSS h MITSU~
SINGLE| FLOW 1 DOUBLE 155,000 5.68 162.3 101.6(3,600| M.H.I. 68,750(|13.8 60| BISHI SEP
FLASH | INDUCED “FLOW ELRECTRIC| 1979
DRAFT
Do Do 2 Do 55,000 5.68 162.3 101.6(3,600 DO 68,750113.8 60 DO NOV
1979
Do 0o 3 DO 55,000 5.68 162.3 101.6|3,600 Do 68,750/13.8 60 DO aUG
MAX. : : 1980
MAK~BAN|330,000| 58 3,141 21 3,249 |
MIN.
655 bo DG 4 Do 55,000 5.68 162.3 101.6(3,600 Do 68,750|13.8 60 Do oCT
1980
DO DO 5 DO 55,000 5.68 162.3 101.6]3,600 DO 68,750{13.8} 60 DO SEP
1984
(SEP) DO DO 6 Do |55,000 5.68| 162.3| 101.6|3,600| bo 68,750(13.8 60| DO DEC
(19291) ' 1984
_ CROSS _ : _
SINGLE| .FLOW 1 | DOUBLE [55,000 6.10 160.6 101.6!3,600| TOSHIBA 69,000]13.8 60{ TOSHIBA JAN
FLASH | INDUCED FLOW 1979
DRAFT
DO DO 2 Do 55,000 6.10 160.6 101.6(3,600 DO 69,000[13.8 60 DO MAY
1979
: DO Do 3 Do 55,000 6.10 160.6 101.6|3,600 Do 69,000/13.8 60 DO JAN
_ 1MAX. : 1980
TIWLI |[330,000f 77 2,970 7 2,360
MIN. . _
457 De no 4 Do 55,000 6.10 160.6 101.6(3,600 Do 69,000(13.8 60 Do APR
: : _ ' 1980
no Do 5 DO 55,000 6.00 164.4 161.6{3,600 Do 69,000{13.8 60 Do DEC
1981
po DO 6 | po |55,000 6.00 164.4 101.6{3,600 DO 69,000(13.8 60 DO MAR
1982
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6.2.1 Present Situation and Problems in Tiwi Geothermal Power Plant

1.

~Outline of Tiwi Geothermal Power Plant

The Tiwl Geothermal Power Plant is located in Albay Province at the
southernmost part of Luzon Island. 'The area is famous as the hot
spring resorts since old times. The rated output of the 6 units is

55 MW each, and the commissioning dates are as tabulated below:

Plant Unit Commissioned in
A Unit-1 January 1979
A Unit-2 May 1979
B Unit-3 January 1980
B Unit-4 April 1980
C Unit-5 December 1981
c Unit-6 March 1982

Units -1 to 4 were originally designed as the double flash system,
but converted later to the single flash system. Units 5 and 6 were

designed as the sinéle flash system from the beginning,

For extraction of the non-condensable gas (NCG), the steam ejector
system was adopted and no gas compressor was installed for all the

6 units.

It is essential to increase the emission height for better
dispersion into the air and decreased ground Eoncentration of the
non—condensable:gas (NCG) . For this‘pufpose, the utilization of
the heat of the secondary steam of the steam ejector was intended,
and the after-condenser was omitted. As a result, the steam from
the ejector is discharged directly into the air, and the condensed
water wets;the'surrounding'and causes accelerated corrosion of

outdoor equipment, piping, structures, measuring instruments, etc.
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2.

Geothermal Steam Supply

(1)

(2)

(3)

Steam Requirement

The steam supply necessary for operation at the installed
capacity of 330 MW (55 MW x 6 Units) is 3,125 t/hr, and the
steam consumption is 9.47 kg/kWh. (Refer to Table 6-2-2)

Steam Supply

The geothermal steam available from PGI, the steam supplier,
is 2,360 tlhr.as of the end of July 1991, Thus, it is short
of the steam requirement by 765 tihr, or 80 MW equivalent.
According to the plant operation log on July 29, i991,'the
peak load was 251 MW and the capacity factor was 70Z as shown

in Table 6-2-3,

As for the steam production, the past records show that the
production declines by 72 or more per. year as shown in-

Fig. 6-2-1.
Geothermal Reservoir Capacity
a. Geothermal Reservoir and Production Wells

{a) The volume of the geothermal reservoi: is-estimatéd
at 15 km3 r'16 5 km? x 0.9 kﬁ) The mass of
.geothermal fluld is estlmated to be 6.5 x 10 11 kg
with a heatlng value of 2.75 x 1018 J or 6.75 x
1017 kcal. Assumlng that the plant operation life
of 35 years, the area was assessed to have the
poss;blllty of development of a 500 to 800 MW powef
_plant._ Based on the assessment, the well drilling.
Was‘started in 1971 and a total of 134 wells have
been drilled to date. The largest depth ef drilling
was 2, 970 m and the shallowest 457 m, and the
hlghest temperature was recorded at 300°C and the

average output per production well was 7 MW.
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(b) The number of the wells currently used for power
generation is 77 of production wells and 7 of
reinjection wells. The remaining 50 wells have been
discarded. The main reason of the desertion is the
intrusion of cold water into the reserveoir, and
-about 402 of the reservoir was deteriorated by the

cold water as shown in Fig., 6-2-2,

(¢) Steam is now extracted from the west side area of
the reservoir, and 752 of the total steam
consumption is extracted_from the area equivalent to
307 of the total reservoir. The remaining 25Z of
the steam is extracted from the reservoir
deteriorated by the cold water intrusion and the
average output per prdduction well in thi$ area has
decreased to 3.3 MW. Because of the transfer of the
steam extraction area to the west, the pipelines of
the gatheringfsyétém became longer, and the longest

.gathering gystem is 9 ki and the shortest 4 km, and
the total piping length is 56 km.

Reassessment of Geothermal Reserveir

Recently,:Electroconéult of Italy (ELC), carried out the
study and investigation of the potential of the reservoir
and power development scale in Tiwi Area, and presented
the - final réphrt with the title of "Reservoir Assessment

of Tiwi Geothermal Field". . Accofding to the report, the

stored heat in Tiwi Geothermal Reservoir is estimated at

46,000 GWh in electrical energy and 250 MW x 25 years in
plant capacity.

6 - 126



PR AR 7L79 [438:1F4 ¥°202 ;mo.mmm.m_ _ﬁwuon_
4228 ZT°T 6£°78 (AND hzEy 9
5228 z1 1 6€°25 BETRT 1hzey g
0028 ZT'T sg8e 4928 mm.mqw_ ¥
$0° 02§ ZT'1 9€°8¢ 49°2E mm.w¢¢ | g
50028 AR 9¢° 8¢ 99°2¢ 86" L7 S
<0+ 0z¢ ZT°1 9€° 8¢ 99°'2E £6° LYY T
{ag/3) {ayg/3) a8e1s puz mmmwm asT (ayf3)

T30, Wea3y @ﬂmﬂa

{ay/3) Fozo0slyg wesasg

BUTQIN] *oN 1TUn

JueTd Iamod TEWISYUI0SH TMT] JO Juswairnbey wealg  z-Z-9 21q®RL

127

6



$°91Z'S 8'SL%°'S : - 82 o Te30lL

€125 9°€56 59°¢ _ £99 Sy 0L €Y _ 9
6°052°1 £°00€°T ¢9°¢g 99 55 99°2s g
- - - - - mo.nm Y
1°8L0°1 S 8LT'T C56°S | _ﬁmm gy . 98y .. - ¢
m.NwH.H 51221 §6°S | peo 8 £8°6Y | s
L°ZeT'T 6°122'T $6'S | mmm 25 26705 T
() () (Szmo/8) ( Spume) (40) () |
syIBmway UOTIBISUSD UOT1BIAUIY) °Ssaxg TMOg . . mmnovy pBROY ¥Ead L3tTTqRdE) *oN ITuA
38N L1TEQ sso1n L1TEQ I Hmmnmwnoo -

T66T ‘62 ATPC UC 3UBTd 78404 TPWASUI0PD TATL JO PIOOSY UOTIEILMSY SUL £-g-9 STIRL

6 - 128



i 9v02Z = Bt | LT
26 A 96 g6 6 ¢o . <6 : 16 o
: 4 i + ﬂ ; 00gge
Oo, |
Go m |
— | nyo 5 | . e e 000
. 0, m
.. 0 ..
o, | o
OOON.._iiI.E[IEIIf - - e PP S D....OD. e e o o k1 w Oom.v‘ |l_
- _ 0 A rm
; . D
| 04 >
! o 0 W W
! D !
- - o -———-- 000§
3 : w =

oCse - —rt- D mm loomm o
: y x
- N /
P ~——a40009 =
.y . J

L U/ 6827 K S

Y4 ooos i/ _ — 0069

, L o00L

aujjosp STIaM dn
peindwios g

—DIYH /A e

NOILOAr0dd Al1ddNS Edm_,m IMIL  1-2-9 7914

6 ~.129



grarayan

A
!

A
.

>
e i
S b, .
0 —— e
e ~

“AREA!

.
NJECTION

b
a7

[E

NFLUENCEDBY.

WELL SYMBOLS:

* . Commorclal walk
5

#

,a.':,... -Birecilonal wallr

- Injector copable of
commarchal praduction

"#'-' Hoa-commarciol wells
e

3:{‘ * Absndenad wsll

Injeclor Incapabls of
commarciol praductons

=

14 A‘l"_m,pos.-d wull kacalion

PHILIPPINE GEOT HERMAL. ING.

MAXETI, METRO- MAND A- FHLIPPAES

Tl CONTRACT AREA
NAGL ACEONS  FIEL
WAPTFHHAN-MATAL LBONG - BARIS EXTENSION

FIG, 6-2-2

WELL LOCATION MAP

(TIWD

e e o

'l._“?;;:;‘ﬂ [:;1'1;1553 t .

Jm, mODELL

— i

[ u' --ﬁ 2oss LAd - 'E
- - ARELY -9

e -

6 - 130






Present Status of Steam Supply and Power Plant Facilities
(1)} General

The total number of shutdowns of'Units 1l to 6 in Tiwi
Geothermal Power Plant in 5 years from 1986 to 1990 was 325
and the total éhutdown period was 1,476 days, which is
equivalent to 13.5% of the total operating days as shown in
Table 6-2-4. (A plaht shutdown of shorter duration than one

day is counted as one day.)

The causes of shutdown are classified in the following:

(Ratio is shown in the pércentage of shutdown days.)

Cause of the Plant. Shutdown Ratio

Plant overh&ul!mainténance 57.47
Power System faults o : 12.42
'Troubles of PGI steam supply system ' 10.22
Cieaning of steam st:ainers _ 7.1%
Sticking of MSV and CV, and governor troubies 4.47
Hotwater pump troubles _ : 3.02
Trbubles of exhaust stack 1.82
Plant electrical system taults ' 1.62
_Condenser vacuum low . 0.72
:'instrumeﬁt air supply system troubles : 0.72
Cooling water pipeliné'troubles - 0,52
Spark of generator slip ring carbon brushes 0.2%

{2) 'Mechanical Facilities
a. Shutdown fof Plant Overhaul and Maintenance

The number of plant sﬁdtdown days for the plant
overhaulimaintenance'accounts for 57.4%1 of the total
éhutdown days. The frequency of oveérhauls varies
~depending on the units, and the period of overhaul also
‘varies greatly from 2 to 13 weeks depending on the units.

The freqﬁency of overhauls in Japan is generally
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standardized to be once in two years and the pefiod
required for the overhaul is 16 days for & plant with a
spare rotor and 22 days for one without a spare rotor as

shown in Fig. 6-2-3.

The period.of overhaul depends on the restoration of the
turbine rotor/didphragms, and even in the worst case of
rubbing of the rotor due to the accumulation Qf scale,
the unit could be put back into operatibn by replacing
the rotor with the spare rotor, if one is avallable in
stock. Then the damagéd rotor can be repaired later, and

the damage by the trouble could be minimized.

Therefore, if PGI can guarantee the supply of'sufficient
steam for the operation of all the 6 units of Tiwi Power
Plant into the future,'it is advisable to purchase one
spare rotor and pﬁe set of spare diaphragms in this

~ rehabilitation project.

it is said that at the power plant where the total silica
(Sioz) and chloride (Cl) content in the steam is_l'to
2 ppm, satisfactory operation.of the plant can be main-
tained with an overhaul per 2 years. Thus, further
improvement of steam qqglity and securing of the hecés-
sary steam is imperative_for.decreasing the frequency of

overhauls by half and increasing the capacity factor.

In 1990, the steam scrubber 5ystem was 1nstalled in the
lst stage drain scrubber steam outlet pipes of Units 1,
2, 4, 5 and 6,'and the test of removal of scaling
elements in the steam has béen continued. The effect of
the'stéam scrubber system is not known:définitély,”sihce
“the test. peridd-is not long enough. It 1is expected,
however, that the plant derating. rate due to’ scallng,
which was about 252 to 27%I per year before the
installation, is-likely to decrease by half, '
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Troubles on PGI Steam Supply System

In case where the rupture disc installed as the safety
device on the pressure wvessel of the steam gathering
system ﬁas burst, it was necessary to shutdown the unit
for the replacement. Now, howéver, the device has been
improved and the replacement of burst rupture discs can

be made without unit shutdown.
Steam Quality

The clogging of the steam strainer at the turbine inlet
and malufunctioning of MSV and CV would be eliminated if
the steam quality is improved. And also the sticking of
the sliding parts of MSV and CV would Be prevented by

'~ adding the oiling device.

Condenser Vacuum Low and Cooling Water Pipeline Troubles

Carbon steel (SM-414) is used for U-seal pipes and
cooling water pipes. It was judged that the carbon steel
material could be used without. troubles: for the cooling
watef system, if.the pH control of the cocling water was
made satiéfactorily. Occasionally, however, for lack of
chemicals for pH control, the pH of the cooling water
dropped to less than 3. As a result, the cooling water
pipe was corroded and punctured, entailing vacuum low and

water leakage.

Corrosion of the cooling water pipes and hot water pipes
is so serious that more than 402 of the pipe wall
thiéknéss has been lost, and in the extreme case the
éorrosion has reached more than 74Z of the driginal_

thickness as shown in Fig. 6-2-4.
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(3)

Electrical facilities

The plant electrical facilities can be grouped into those
within the powerhouse and those in the switchyard. Problems
common to both facilities in this power plant are corrosion of
conductors, terminals, insulations, supports, overhead  ground
wires, etc.; due to st gas contained in NCG, which cause mis-
operation of relays, mal-operation of the equipment, broken

cables, insulation breakdown of insulators, etc,

Tiwi Power Plant is located at the southernmost part of Luzon
Island, and it is connected to the major power demand area of
Metropolitan Manila by quite long tranéhissioﬁ lines of
341 km..  The longer transmission lines involve higher
probability of troubles in the power system, and the power
plant experiences an annual.average of 4 to 5 plant trips due

to the power system faults.

The problems with electrical facilities and countermeasures

are discussed in Section 4.

The frequency and number of days of the-plant trips by causes

are shown in Table 6-2-4 "Summary of Plant Shutdowns".
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4.

Problems with Steam Supply System and Power Plant Pacilities and

Countermeasures

(1)

Mechanical Facilities

a.

Overhaul

The steam quality at Tiwi Geothermal Power Plant has been
improved since the commissioning, and further in 1990,
the steém écrubbing'system was added and good results are
obtaihed. Based on the operation records to date, it is
judged -that the safety of the pl&nﬁ will be nmintéined

with the overhaul once or twice a year. Actually,

_however, there occur the clogging of the turbine inlet

steam strainers and sticking of MSV and CV rather

- frequently, and further improvément of steam quality is

.needed,

Improvement of Steam Quality

'With'some uhité_in Tiwi and Mak-Ban Power Plants, the

tests of the steam scrubbing system'as_a means of steam

'quality improvement have been continued, As one year has '’

passed 31nce the tests were started, the test results
were processed and the adv1sab111ty of the additlon of
the steam sgrubblng system;to_other.unlts was studied.
The past reéofd'revealedriﬁat there was deCline of the
output due to scaling even with the steam scrubblng]
system. The 1mprovement and: malnten&nce of the - steam
quality should be made on the responsibility of PGI, the 

steam supplier.

Receﬁtly; the water washing. system was developed and it' 

_became possible to remove the scale depositea ‘on the .-

turbine nozzles and blades w1thout shuttlng down the :

unit.
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As a means of protection of the plant, the water washing
system should be added for the extension of the
continuous operation time,.prevention of decline of the
output and prevention of rubbing of the rotor due to

scaling.
Lining of Main Cooling Water Pipes

The corrosion of the main cooling water pipes and hot
water pipes are conspicuous, and in the extreme case, as
much as 75% of the tube wall thickness is corroded.

These pipes are buried underground, over which the ﬁybrid

type gas compressors are located. Therefore, if the

corrosion progresses at the present rate, it ig feared
that the pipes may collapse under the earth pressure and

heavy loads.

_It is necessary to line the pipes with stainless steel

{8US 304) pipes of wall thicknesses corresponding to the
lost thicknesses and prevent'the_collapsing and the

progress of corrosion.
Replacement of Auxiliary Cooling Water Pipes

Epoxy—iined 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'linéd carbbﬁ steel pipe has been proved to
be very stable against the cdoiing water in Tiwi Power
Plant, and has a high anti-éorrdsive property.
Therefore, it is ad&isable to replace the cooling water

pipes with Supercéat lined pipes, SUS pipes or FRP pipes.

. Suppression of Algae

..Algae growth and mud deposit in the generatof hydrogen

gas cooler tubes decrease the coefficient of overall heat
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transmission. To recover this, tube cleaning is carried

out with a decreased output or unit shutdown.

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

and reliability.
Plan 1.

The cooling wafér system to the H, gas cooler and
lubricating 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'H2 gas cooler will be equipped with cleaning brushes
s0 that the interior of the tubes may be cleaned

automatiéally and continuously.
Improvement of Labyrinth Packing Material

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

labyrinth packiﬂgs'has'béen remedied.

Installation of Hybrid Type Gas Extractors including H,S Gas

Diffusion System

The installation of "the hybrid type gas extractors for No. 1,
No. 2, No. 5 and No. 6 Units is under way, by which an
increase of the'output {approx. 29 MW), lowered grﬂuhd
concentration of st'gas and pre%entioﬁ‘of Corfosion due to
scattefed steam condensate, etc.'are,expedtéd. No. 3 and
No. 4 Units still use the steam ejectofs'Whiéh consume a large

volume of steam for'the‘extraétion of NCG and the condensate
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wets the surrounding and tauses corrosion.

To solve these problems, one (1) set of hybrid type pas ex-
tractor for common use should be added to No. 2 and No. 4
Units also; and an increase of the output (approx. 11 MW) and
prevention of the corrosion due to scattered condensate should

be achieved. {Refer to Fig. 6-2-5 (1), (2))
Partial Modification of Cooling Towers

The forced draft £fans, 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 right under the route of
typhoons, the side boards, louvers, railings, stairs, etc.
have beeﬁ broken or deformed, and the performance of the
cooling towers have been damaged and the safety of the cooling

towers is in danger.

All. the fans, hubs,” fillers, side boards, louvers, ceiling
boards, railings, stairs, etc. that have been severely damaged
should be réplaced for recovering the performance of the

cooling towers.
Also one third of the upper part of the cooling tower

structures and one third of the cooling fan motors should be

replaced with new ones.
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Procurement of Vehicles

At Tiwi Power Plant, there are 255 employees composed of 123
operatofs, 70 maintenance crew énd 62 others. And the power
plant 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 working mode of operators is by the 4 group 3 shift
system, but the shift changes are difficult to be made

regularly because of difficult transpertation.

In some cases, operators cannot help working two shifts

continuously. This is a serious problem in the operation of

‘the power plant.

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

transportation available.

And the number of vehicles assigned to the power plants is

short, and théy are all dilapidated by age and need to be re-

 placed.

For smooth transportation of shift operators and speedy trans-
portation of maintenance crew and security persomnel in care

of power plant troubles and emergency.

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

éons) and a jeep (capacity: 7 persons) equipped with a winch,
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(2)

Electric Facilities

a.

Electric Facilities within Powerhouse

(a)

- (b)

Generator equipment

No problem .was found with both the stators and the rotors
of the generators proper so far, However, as it is more
than 10 years already since the commissioning of No. 1 to

4 units, the detailed study on the necessity of the

. rewedging of stator windings is essential and study on

rewinding of roters, and detail inspection of retaining

“rings are necessary. Slip rings of the excitation

circuit were found to have abrasion by sparks and. the
brush holders were also damaged by-corfcéion. - Repair of
the slip rings, and replacement of the brush holders and
brushes are necessary. It was informed by the plant that
Hqy gas leakage was larger than usual. Therefore, H, gas
seal at the generator stator temperature sensor terminals
should be thoroughly inspected. Parts of the AVE 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 installed in the electric room
partitionéd from the other sections in the powerhouse and

kept: .at: a little higher pressure than the atmosphere by

the air conditioners to prevent the atmospheric air from

entering. Because the central air conditioners are now

out of order and the doors of the electric room are left

- open, the air of the powerhouse containing H,5 gas enters

and gives adverse affects of corrosion and deterioration
of the electric equipment, relays, instruments, etcg
Though the damage has not been serious so far, the re-

placement of the air conditioners is imperative.
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(3) .

{c) Addition of generator circuit breaker

As there occur frequent plant trips due to the power
system faults, it is advisable to install the generator
circuit breakers to facilitate the operation of the plant
with the station service load only and to raise the

flexibility.in the plant operation.
Electric Facilities in Switchyard

As mentioned before, the steam and H,8 gas in the ejector
exhaust cause corrosion, insulation drop, and malfunctioning
of the electric fécilities in the switchyard, espeqislly the -
exposéd parts of conductors, insulators;'discqnnecting
switches, overhead ground wires, circuit breakers, control
equipment, etc. It is noted éspecially that soon after the
commissioning of the plant, the dielectric strength of

insulators dropped because of impurities in steam and steam

.mist deposited on the surface of insulators, and frequent

flashuovers_occurred._ At present, the.prdblém is minimized by
H.V.I.CG. (High Voltage Insulation Compound) coated on the

surfaces of insulators.

As a fundamental measures, the more effective means of

diffusion of the ejector exhaust should be established.
Instrumentation and Control Equipment

Because the H,5 containing NCG dischérgéd from the condenser
is not dispersed in the air satisfactorily, several problems
have occurred on  the controi:and instrumentétion_faCilities.
Especially, the windows of the central contrbl room are kept
open to take in the outside air, because éil the air
conditioners of Plgnt A, B and C are out of order.. Thus, the
air contaminated with st'comes into:the room and causes
gdversé effects of qorrosion.and.insulatioh deterioration. on

the instruments and control equipment  in the room.  The

restoration of the air conditioners is urgently needed. - The
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details of major problems on instrumentation and control

equipment are described in the following.

a.

Hotwell Level Control

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

replacement.
Control Air Supply

There are problems with the quality of the contrel =air.
Detailed inspection of the air supply system, replacement
of filters, and check of dryers are necessary.
Inspections of air filters and drain system of the back-

up system are necessary, too.

At presént, two control air compressors are in operation
at each plant, and there is no spare compressor. One
spare compressor each for Plants A, B and C should be
provided.

Chemical Dosing System

The adtomatic_control has been out of order and the

system is being operated manually without particular
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problems. However, the automatic control system should

be restored.

The above problems and their countermeasures are summarized in
Tables 6-2-5 and 6-2.6.
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6.2.2 Present Situation and Problems in Mak-Ban Geothermal Power Plant
1. Outline of Mak-Ban Geothermal Power Plant

Mak-Ban Geothermal Power Plant is located aﬁ Bay & Calawan in
Laguna Province, Luzen, ét about 70 km south from Metropolitan
Manila. The power plant consists of 3 plants, Plants A, B and C,
and each plant has 55 MW x 2 units. The commissioning dates are
as tabulated below: '

Plant Unit _ Commissioned in
A Unit-1 | September 1979
A Unit-2 November 1979
B Unit-3 August 1980
B Unit-4 October 1980
C Unit-5 September 1984
cC

Unit-6 December 1984

The design of Plant A (Units 1 and 2) and Plant B (Units 3 and 4)
is nearly the same. As.Tiwi Power Plant, Units 1 to 4 were
originally designéd as the double flash system but were converted
later to the single flash system. Units 5 and 6 of Plant C were

designed as the single flash system from the beginning. .

With the units in Plants A and B, 3 units each of the non-
condensable gas extraction compressors (lst stage to 3rd stage) are
instailed, but since surging occurs among the compressors and the
operation becomes unsﬁeady sometimes, the steam ejectbrs'are used

_normally}

As a means of getting better diffusion of noncondensable gas from
the steam ejector and lower ground concentration of H,5 gas, the
exhaust steam from - the 2nd stége ejector is directly.discharged
into the atmoépﬁere,'and the condensate of steam wets the
surrounding and accelerates the corrosion of the outdoor equipment.

piping, structures, measuring instruments,. etc.
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In Plant C (Units No. 5 and 6), packaged gas compressors are used
for NGCG extraction and the NCG exhaust is discharged from the top
of the cooling tower. Because of the sufficient H,8 gas diffusion,

there has been no probiems experienced with Plants A and B.

Geothermal Steam Sﬁpply

There is no indication of shortage of geothermal steam supply as
shown in Fig. 6-2-6, (1), (2) and (3). The  geothermal reservoir

area and the locations of the wells are shown in Fig. 6-2-7.
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