" Table 4-4

SUMMARY OF CAPACITY ADDITIONS (MW)
1991 PO'WEF{ DEVELOPMENT PROGRAM

.5 i . 6 | 436 i 447
80 - - 55 30 - 165
. 235 - . i 520 755
- 20 300 6 . - 326
- 180 650 . - i 830
. 160 300 - . . 460
i 440 350 - i i 790"
] 340 ; 6 - . 346
; o0 | 800 | - - - 520
268 . 600 i : ' 868
150 20 | 600 i ; - 770
223 40 600 ' : i 863
255 20 600 i ; i 875
174 | 60 | 900 - - - 1134
150 60 900 - . i 1110
1305 | 1795 | si00 | 73 466 | 520 | 10250
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Fig. 43

SUAL COAL

1 X 300 MW-1583
1% 300 MW-2000
? X 300 MW.2001
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1 X 300 MW-2002
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1 X 300 M\W1995
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1%300 MW-2001
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2% 100 MW-1993
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i X 30 MW.1992

MAK-BAN BINARY
8 X 14.8 MW-1683

5 X 2.65 MWY- 1593

MABARARA BINARY

CALACA X

1 X 300 MW-1854

LUZON GRID

PROPOSED GENERATION PROJECTS
1991 POWER DEVELOPMENT PROGRAM

-
CASECNAN HE

3 X 52 MW-2000
2 X 50 MW-2000

2 X 50 MW-2000

PAGT - JBROWN
5 X 30 MW-19%1
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3 X 70 MW 1931

KALAYAAN HE

1% 150 MW-2002
§ X 150 MW-2003
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6 X 20 MW.1895

BAC-MAM GEQ

2 X 20 MW-1593
2% 5% MW-1993
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3 X 20 MW. 1956
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1X 350 MyY-1995 3 X 300 MW-2004
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3.1

CHAPTER 5 OUTLINE OF WATIONAL POWER CORPORATION

History of National Power Corporation

National Power Corporation (NAPOCOR) was established in 1936 as a
public corporation fully owned by the Philippine Government. NAPOCOR

.is in charge of the construction and operation of power generation,

transmission and substation facilities, and sells electric power
wholesale to Manila Electric Company (MERALCO), other power
distribution companies and electric cooperatives, and also sells power

directly to some large customers.

NAPOGbR was“originﬁlly organized to develbp hydroeléctric'power and
electric power from other natural resources. NWAPOCOR expanded.the
scope of operation in 1972, and purchased thermal power plants from
MERALCO in'1978, and ever since, has been carrying out the operation

of power generation, transmission and substation facilities.

Development of the scale of NAPOCOR's operation is as shown in the

followings.

—

\ 1966 1976 1980 1985 1990

Energy Generation GWh 1,425 3,140 | 15,086 | 18,757 | 24,799

Energy Sales GWh {1,310 2,966 | 14,033 | 17,140 | 22,915

Peak Demand 7\ 674 1,787 | 2,414 3,037 3,974
Generating Capacity MW 270 663 3,821 5,549 6,037

Transmission Line

Length 'k 2,398 3,682 7,152 111,832 | 14,060

Substation Capacity MVA 916 | 2,180 | 7,598 {13,307 | 14,381




5.

Organization Structure of NAPOCOR

NAPOCbR is under the'jurisdiction of the Office.of Energy Affairs
(OEA), which is under the direct control of the President, and the
Energy Regulatory Board (ERB). The highest decision-making organ for
NAPOCOR is the National Power Board (NPB). '

In. the Head Office, the technical organization-consists of
Engineering, Luzon Operations, and Visayas/Mindanao Operations, while
the administrative organization consists of.Adminiétration, Finance,
Human Resources, Plauning Serviées, Centroller, and the Office of the

General Counsel.

As for the local organizations, NAPOCOR has 5 regional centers, the
ﬁorthern Luzon Regional Center (NLRC), Southern_Luzon Regional Center
(SLRC) and Metro Msnila Regional Center (MMRC), all on Luzon Island,
and the Visayas Regional Center (VRC) ih the Visayas.&rea,-and the

Mindanao Regional Center (MRC) on Mindanao Island.

In an effort to rationalize and integrate. job functions, NAPOCOR ig

implementing the organizational reform which includes ‘the "early
retirement incentive program”. Although substantial reform was
carried out in November 1991, the complete transition to the new
ocrganizations has not yet béen finished. The new and old
organizgtions are shown in Tabies 5;1 and 5-2, respectiveiy. A
comparison of these two indicates that the integration of job
fuﬁctions has rationalized and simplified the organizational

structure.

The organization related to the operation and maintenancg is described

in Chapter 7.



Manpower aud Training

Accordiﬁg to the manﬁower trend in the past 10 years, the number of
employees generally decreased between 1981 and 1985, but it turned to
the increasing trend after 1985. In 1990, the number of employees
increased by 3,102. The transition of'employees from 1981 to 1990 is

shown below:

Year No. of Year No. of
.Employees Employees
1981 12,062 1986 10,821
1982 11,978 1987 10,819
1983 11,837 1988 11,294
1984 | 11,523 1989 12,954
1985 10,564 1990 16,056

The allocation of manpower in 1990 was 74% for Operations, 15% for
Engineering, and 117 for Administration, which 1nd1cates that
operation and malntenance staff account for a 1arge portion of the
manpower, In 1990, the number of employees for Engineering and
Operaﬁions weré increased by 1,469 and l;ﬁSS,-reépectively, to cope

with the increasing projects and strengthen operation and maintenance.

Human Resources is in charge of manpower trainihg. and is endeavoring
ta dévelop'the'capabilitiés and technical skill of the employees.
According to the.five-year records between 1986 and 1990, the annual
average number of training course attendants was 4,071, with 875
{21.57) attending the manager and supervisor courées,_?l? (17.67) the
operation and'maintenahCe courses, 1,104 (27.1%7) the engineering and
Computér:éoursesf and'l 375 (33.8%7) the administration courses, The
training for the operation and malntenance staff is descrlbed in
Chapter 7. However, it is p01nted out that the above—mentioned 717
attendants are far tao few, con31der1ng the operation and maintenance
staff of more than 12,000.



5.4

Technical training is under the responsibility of the Technical Train-
ing Division (TTD) of the Human Resources & Organizational Development
Department.. However, TTD, with the limited training staff, has not
provided sufficient training. Therefore, it will be essential to
increase the staff of TTD in order to improve the training quality,

enrich the curriculum and increase the frequency of training courses.

The training center project, which was scheduled for implementation by
the ADB 1loan, was canceled in bctbber 1991. This was due to the
escalated construction costs for the Bac-Man Geothermal Power Plant
which was also included in the said loan. The bidding documents for
the project have already been prepared. The proposed location is the
NAPOCOR's Housing Compound in Bagac,'Bataaﬁ Proﬁince. This éompound,
which was used during the construction of the PNPP, is spacious and
fully equipped with a hotel, apartments,'housing; athletic facilities,
etc. Presently, a part of the training, mainly lectures, are carrieéd
out at this:compound. Early implementation of this project is

imperative for the enrichment and improvement of training.

Financial Situation

The outline of financial performance in 1990 is shown in Table 5-3.

The energy s&les was 22,915 GWh, an increase of 3.022 over the
previous year. However, because of the power rate increases, the
operating revenue amounted to 25,779 millioh Pesos, an increase of

25.08% over the previous year.

On' the other hand, due_éo the rise of crude oil prices and other costs
caused by the Gulf'Crisis, the operating expensés amounted to 21,660

million Pesos, an iﬁcrease of 41.47Z over the previous year. 1In

'particular, the generating cost increased by 56.177 and the oil cost

per KWh 98.32% over the previous year.

'ConseQuently, the operatingiincome decréased'by 22.27% to 4,119

million Pesos, and the net income loss was 65 million Pesos.



Total assets were 160,460 million Pesos with the net utility plants
of 78,144 million Pesosg, or Increases of 17.147 and 19.107 over the
previous year, respectively. The assets, which had not been revalued

since 1987, were revalued in 1991.

Although the return on rate base was 6.02%, it has been reported that
it would be 2.7% after the revaluation. The debt service ratio was

1.4, and the self-financing ratio was 0.3Z.

In 199%, it is anticipated that the financial situation wili become
even worse due to the rise in oil prices caused by the Gulf War and
the devaluation of Peso. A provisional calculation shows that the net
iﬁcome loss will be 2,941 million Pesos, the return on rate base 3.5%,

and the debt service ratio 0.6.

NAPOCOR plans the financial improvement by raising the power rates and
enhancing the operational efficiency, to fulfill the loan requirements
of the World Bank and other financial imstitutions of the return on

rate baée of 87 and the debt service ratio of 1.5.
Power Rates

The power rates of NAPOCOR are determined by the National Power Board.
The automatic adjustment system, that will automatically adjust the
power rates with the changes in fuel prices and the exchange rate, is

scheduled to be approved in 1992,

As the power rates are determined based on the generating costs, the
rates vary with eaéh grid, reflecting the differences in power source
structure By grid. The average power rate in the Mindanao Grid, where
power is mostly'generaﬁed by hydro power plants, is approximately 581
of that in the Luzon and Visayas Grids where power is mainly generated

by thermal power piants.

In additién, the power rates vary depending on the customers. The
rates for electiic'cooperatives are set fairly low to encourage

electrification in the rural areas.



Table 5-4 shows the past transition and estimation of average power

rates, .

After 1986, the drop in crude oil prices after the collapse of the
OPEC general assembly was reflected on the average power rates, which
showed a decreasing tendency. However, in 1990, power rates were
raised due to the rise of crude oil prices, resulting_in an increase
of 20.1% in the average power rates. The rate increases in 1990 was
41.47 for the Luzon Grid, 39.4% for the Visayas Grid, 16.92”for the
Mindanao Grid and 38.5% for the whole Philippines. Yet, since the
rate increases were implemented seven times through the year, the

effects are to be realized in both 1990 and 1991.

As stated in Clause 5.4, the purpose of rate increases after 1992 is
to improve the financial situation. An annual average increase rate

of 12.1% is planned between 1992 and 199%94.
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Table 5-3

FINARCTAL PERFORMANCE TN 1990

Ttens

Unit

19

50 -

1939

Inc{(Dec)
1

Energy Sales

G¥h

22,

919

22, 244

3.

02

Average Power Réte

P/k¥h

L

1263

0. 9281

20.

06

Net Operating Revenue

P H¥n

25,

779

20,610

23,

03

Operating Expenses ° . o

Generation

Transmission and Distribution
Administrative and General
Deﬁreciation

Depletion

Provision

Other Operating Expenses.

7

"

"

21,

iét

660

489
238
. 613
489

30
360

i&i.“mm"

15,311

382
434
3,856
492
109
343

1.

9. 695

28.
23.
19.
(.
(72.
.96

56.

11

11

01
96
63
61)
48)

Operating Income .

7

. 119

95, 299

(22.

2D

Net Incone

7

(65)

1,661

(103

.91)

Rate Base

[Z4

68.

409

66, 901

.20

Return on Rate Base

%

6.02

. 1.92

(23.

49)

Cost of Serv1ce

Fuel Cost

Steam Cost

Coal Cost _
Depreciation and Depletion
Hanpower Related Expenses
Other Operating Expenses
Non-Other Operating Expenses

Net I?COM&

#

"

"

”

£

174

”

”

P/k¥h Sold

c:ac::c::::::c:;’»—-~

0.
(0.

.1263

4248
. 1326
. 0482
. 2229
.0335
. 0643

1328 .
0028)

20.

-98.
.91
(1.
12.
(1.
21.
10.
(100.

06
32

66)
63
an
09
45
k1))

: Total
Utlllty
' Plant i

Assetsé

Operatlng(het)

?roprletary Capltal ' o

Laong. Term Debt

Under Constructlon

”

”

P Mn

160,
2,
18,
T
e

151

108

460

{;Em.""
812

138 976

765, 660

1? 0?7m""mm"m
.35 537m"""m"m
52 740

11.
30.
19.
a.
o

14

th“
01
39)

04

Capltal Expend1tures
3F01e1gn Loans L

Fundihg

Sources | Equlty Advance from

i the Natlonai Goverment :

EOthers

11,

735
239 |

7
4

;Net Internal C Sh Gen atlon ”

mnfi:

182

598

6, 609

]

géﬁi”"mm

L
1, 890

éébwuum"

69.
104.

124.

@49,

19
14
28

s




Table 5-4 AVERAGD POWER RATES

(Unit;P/th)

Annual
Year Luzon Visayas ¥indanao Phillipines Increase

Rate(%)
g0 | 03641 0. 4078 0. 1644 0. 3423
1981 | 0.4480 0. 4982 0. 1800 0. 4166 21.1
1982 0. 4670 0. 5444 0. 1859 0. 4299 3.2
1983 | 0.6152 0. 7244 0. 2966 0. 5790 34.7
1984 | 0.9740 0. 9980 0. 3740 0.8754 1ose |
1985 | L2082 | _1.0461' 0,525 1.0835 23.8
1986 1.055§ 0008 | 05086 S| 0w | -1y
1987 0. 9793 0. 8571 0.5657 0. 9038 5.3
ioss | 10031 0. 9252 0. 6252 0. 8354 3.5
1989 | 0.9877 Losss | 0. 6669 0. 8381 0.3
1990 | 1.2049 _1.2424' 01003 | 1.1263 20. 1
1991 1. 3900 2.4
1992 1 6600 19. 4  :
1993 1. 8800 13.3
1994 :'1!9500: | _  4.31

5 - 10
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CHAPTER 6 MASTER PLAN OF 5-YEAR REHABILITATION/RENOVATION OF POWER FACILITIES
6.1 Thermal Power Plants
6.1.1 Current Status, including Problems, of Thermal Power Facilities
1. Outline of Thermal Power Plants
(1) Number of Thermal Power Plants and Total Installed Capacity
(Number of units) _
All thermal power plants in the Luzon Grid are under the

jurisdiction of the Metro Manila Regional Center (MMRC)}. The

status as of August 1991 is as follows:

Steam power plant 5 plants 2,225 MW {11 units)
Gas turbine power plant 2 plants 210 MW ( 7 units)
Total 7 plants 2,435 MW (18 units)

The breakdown of the above is given in Table 6-1-1.

Table 6-1-1 List of Thermal Power Plants . (As of Aug. 1991)

Power : ' Installed |Unit Unit | Year of Running
Location Capacity Cap. _ '
Plant : ' (MW) No. (MW} |Commission | Years
Bataan Limay, Bataan 225 175 19720 .19
o 2 150 . 1977 14
Sucat Mﬁntinﬁluga 850 10150 1968 23 %1)
Metro Manila : 2 200 1970 21 *2)
3 200 1971 20 *2)
: 4 300 1972 19 *1)
Manila Ermita, Manila | 200 1 100 1965 26
_ 2 100 1966 25
Malaya Pililla, Rizal 650 1 300 1975 16 #3)
2 350 1979 12 #4)
Subtotal 0il-fired 1,925MW. | 10 units . |
Batangas Calaca. 300 1 300 1984 7
Batangas
Subtotal Coal-fired 1 300MW 1 unit
Bataan Limay, Bataan | 120 1 30 1989 2
Gas . 2 30 1989 2
Turbine 3 30 1989 2
4 30 1989 2
Malaya Pililla, Rizal 90 1 30 1989 | 2
Gas o ' 2 30 | 1989 2
Turbine _ . 3 30 1989 2
Subtotal Gas Turbine = 210MW 7 units
Total Thermal - : % 2,435MW | 18 units

Note: Rehabilitation Project  *1) Implemented in 1990

T *2) To be implemented in 1992 and 1993
*3) Implemented in 1987
*4) Implemented in 1986



(2) outline of Thermal Power Plant Facilities
The outline is shown in Table 6-1-12, "Summary of Thermal

Power Plant Facilities.”
2. Current Status of Thermal Power Plants

(1) Reduced Output of Thermal Power Plants .
As shown in Table 6-1-2, the present'totalicapability of
thermal power plants as of November, 1991 is roughly 83% of
the total rated capacity. .
Large output drops are seen with the Bﬁtéan No. 1, Sucat No.
Zf and Mala&a No. 1 Units. '

Table 6-1-2 Rated Capacity VS Present Capabiliﬁy (As of Nov. 1991)

_ : : _ . Total
Power ' Rate? Prese?t. ‘ BfA | Ye?r_?f Operating
piant Unit No. |Capacity Cgpab111ty ; .Com@1891on Hours
A{MW) B{MW} {2y | {Running Years) (HE)
. , ... *53)

Bataan No.l 75 *50 67 1972 (19) | 120,772

Bataan No.2 150 *130 87 1877 (14) 91,305

Manila No.1l 100 90 90 1965 (26) | 200,505

Manila No.2 100 95 95 1966 (25) | 185,935
0il- | Sucat No.l *1) 150 120 " | 80 1968 (23) | 149,739
Fired : : _

Sucat No.2 *2) 200 *150 5 1970 (21) | 121,946

Sucat No.3 *2) 200 160 80 1971 (20) | 118,427

Sucat No.4 *1)| 300 300 [100 1972 (19) | 96,634

Malaya No.l1 #3) 300 210 |.70 1975 (16) | 96,954

Malaya Wo.2 *4)[ 350 290 83 1979 (i2) | 83,405
Coal- | Batangas No.l 300 260 | B7. 1984 ( 7) | 43,301
Fired : . o . . L : 5

“Total 2,225 1,855 | 83 R RS
Note: Rehabilitation Project *1) ImplemEhted.in 1990 '
- : : *2) To be implemented in 1992 and 1992
* Capability prior to - *3) Implemented in 1987 . : '
overhauling - %4) Implemented in 1986
: *¥5} As of Dec, 1990



(2) Increased Heat Rate of Thermal Power Plants (lowered plant

efficiency)

Fig. 6-1-1 shows the thermal efficiency plotted from Table
- 6~1-3 Comparative Gross Heat Rate and Thermal Efficiency.

Wwith all units, the heat rates (or thermal efficiency) have
fallen below the design or guaranteed heat rates owing to the
deperioration caused by age. '(refér to Table 6-1-3 c¢fa; ¢ =

current heat rate, a = designed or guaranteed heat rate)

‘The worst three are the Sucat No. 3 (cfa = 1.483), Bataan
No. 1 (cfa = 1.226) and Sucat No. 2 (cfa = 1.214).

Fig. 6-1-1 Present Status of Thermal Efficiency at Thermal Power Plants

_ Thermal Efficiency {%)

(As of June, 1991)
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Table 6-1-3 Comparative Gross Heat Rate and Thermal Efficiency (As of Jun.1991)

Gross Heat Rate (BTU/KWH) « Thermal Efficiency (%)
Power Plant | Rated :
Unit No. Capacity] D931gn/ cceptancel Before | After O/H
{MW) Guaranteed | test 0/H expected
(a) () (©) (d) (c/a) | (d/a)
Bataan Mo.1 75 37.6% 37.1% 30.7% 33.4%
9,070 9,190 | 11,120 | 10,200 | 1.226 { 1.125
Bataan No.2 150 38.5% 38.6% | 33.9% | .35.5%
8,850 8,840 | 10,070 | 9,620 | 1.138| 1.087
Manila No.l 100 37.3% 37.6%| 33.5%| 34.9% | -
9,138 9,060 | 10,185 | 9,775 | 1.115| 1.070
Manila No.2 100 37.3% 38.1% |  33.5%|  34.8% |
9,138 8,955 | 10,190 | 9,800 | 1.115| 1.072
Sucat No.1 150 37.1% | % 37.1% | 34.1% | 34.9%
9,190 (1990) | 9,990 | 9,770 | 1.087 | 1.063
Sucat No.2 200 | - 36.9% | % 36.9%| 30.4%| 32.0%
9,230 |(predicted) 11,220 | 10,650 | 1.214 | 1.153
Sucat No.3 200 36.9% | % 36.9% | 24.9%| 29.1% o
-~ 9,239 |(predicted) 13,700 | 11,725 | 1.483 | 1.269
Sucat No.4 300 37.5% | % 37.2% 33.0% |- 33.8% .
9,104 (1990) | 10,320 | 10,095 | 1.134| 1.109
Malaya No.1 1300 37.5% | % 35.9% | 31.3%]  32.5% -
| 9,104 (1987) | 10,885 | 10,505 | 1.196 | 1.154
Malaya No.2 350 |  37.9% | % 37.4%] 35.9% |  36.6% | —
) | 8,908 (1986) | 9,490 | 9,330 | 1.055| 1.037
Batangas No.1 300 38.4% | 39.0%| 35.9%| 37.0%
- 8,876 8,760 | 9,520 | 9,220 | 1.073| 1.039

Note:

*-Based on acceptance test
after rehabilitaion

a-Based on manufacturers
design/guaranteed performance

b-Based on acceptance test
after congtruction

c-Actual performance for the -
month of May 1991

d-Expected performance after
overhauling

. Thermal efficiency is calculated from

Gross Heat Rate,by the follow1ng

conver310n rates.

1 kcal .
860 kcal

S 3 96832 BTU

= 3, 413 BTU




(3} Number of Forced Outages at Thermal Power Plants

The number of forced outages in the previous 5 years (1986-
1990) 1s graphed out in Fig. 6-1-2. The distinctive findings

are as follows:

a. The power. plants where annual forced outapges were
relatively numerous throughout the previous 5 years:
0il-fired thermal power plant - Batsan No. 1 & 2,
Malaya No. 1 & 2,

With the Malaya No. 1 Unit, forced outages occurred
frequently after rehabilitation, while with Malaya
No. 2 Unit, frequent forced outages occurred in 1990
through 1991,

Coal-fired thermal power plant - Batangszs No. 1

The nﬁmber-of forced'outages with coal-fired thermal
power plants is higher than with oil-fired thermal
power plaht#, Tﬁié is considered to be due to the
difference in fuel, and should be treated separately

from the problem of aged deterioration.

b. The power plants which suffered relatively few annual

forced outages'throughout the previous 5 years:
. Oil-fired thermal power piants - Sucat No. 1 & 2
c. In 1990, the annual forced outages in the power plant
units, except for the Manila NHo. 1 & 2,-weré higher than
in previous years. '
{4) Maintenance Outage Hours of Thermal Power Plants
_The-maintenénce_cut&ge.hours (including planned outages) in

the previous 5 years are converted into months and shown in
Fig. 6-1-2.



According to the NAPOGCOR plan, the average length of a
periodic inspection & repair (once a year) is 40 days for
conventional unit (D.ru.m type), 60 days for once-through unit
and coal-fired unit. Therefore, if the annual maintenance
outage period is somewhere between 1.3--2.0 months in the
Figure, it should not be regarded as abnormal in view of the
running years of the respective units. It may be that the
units with an annual maintenance outage exceedihg the above-
mentioned length needed repairs due to accidents or aged

deterioration.
The distinctive findings from the Figure are as follows:

a. With Bataan No. 2, an increasing tendency is noted in the
number of forced outages and im the length of maintenance

outages.

b. With Sucat No. 2 & 3, the annual maintenance outage
period exceeded 3 months in some different years. Also,
an increasing tendency is observed in their numbers of
annual forced outageé, which had heen'relatively small

previously.



Fig. 6-1~2 Annual Forced Outage Times and Amual Maintenance OCutage Hours
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Increase of Heat Rate (Present/Design ox Guaranteed)

Fig. 6-1-3 Present Conditions of Thermal Power Plants

(Capacity and heat rate)
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(5)

Summary of Present Status of Thermal Power Plant Units

Generally; the service life of a thermal power unit is
said to be 30 years. According to this scale, the
existing units are generally in the middle-age, and some

are approaching the retirement age.

Except for Batangas No. 1 Unit of 7 years in operation,
all units have exceeded 10 years. Every unit at Manila
énd Sucét Power Flants has 19-26 running years. More
sﬁecifically, 6 units out of 11 units have exceeded one
hundred thousand running hours. . Most of all, the running
hoﬁrs of Manila No. 1 Unit have surpassed two hundred

thousand hours,

As the aged deterioration with these units is advanced,
appropriate rehabilitation or planned maintenance is
¢alled for. '

Fig. 6-1-3'13 the macroscopic illustration of the present
status of each unit indicated by both the aforementioned

factors of reduced output and increased heat rate.

Before'decidihg the order of implementation of the
rehabilitation or planned ﬁéintenance, consideration
should be given to tﬁe expected results for each power
plant to be obtained through the implementation of the

rehabilitation or planned maintenance (discussed in

detail in Clause 6.1.3).

In'addition.to.the-findings from Fig. 6-1-3, the recent

5-year results of the annual number of forced outages and

maintenance outage lengths with each power plant unit are

recapitulatéd below.

(a) Su¢a€ No. 2 & No. 3 Units should be glven the
priority for rehabilitation. In fact, their

. rehabiiitation work 1is scheduled for 1992 and 1993



(b)

{c}

(d)

respectively., The contractors for the work have
been appointed, and the check and review by the
consultant of the drawings submitted by the manufac-

turers is in progress.

"Malaya No. 2 Unit and Sucat No. 1 Unit are in

relatively good condition when compared with other
units, regardless of the fact that their last

rehabilitations were made rbughiy 5 years ago with

the former unit and one year ago with the latter.

Batangaé No. 1 Unit (coal—fired) is in relatively
good condition, although it has been confronted to a

number of inevitable problems due tc the designated

fuel of low grade coal.

Both Manila No. 1 and No. 2 Units are in relatively
good condition, considering they have been running
for over 25 years. Therefore, if it is imperative
to maintain their gehe:ating_éapacity of 200 MW in
full for the coming iO'years, rehabilitation is
recommended for implementation before their service
1ife expires (thaﬁ is, within the coming 5-6 years).

{tefer to Fig. 6-1-4)
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Fig. 6-1-4 Summary of Present Status of Thermal Power Plant Units

. The following three elements were evaluated in summarizing the
present status of the power plant units microscopically. For the
final jﬁdgment. other factors such as the specific deteriorated
conditions of the major equipment of the respective units should be

considered as well,

(1)_ Output #ecrease and heat reat increase (See Fig. 6-1-3)
(2) Total operating hous : (See Table 6-1-2)
(3) Annual maintenance outage hours {See Fig. 6-1-2)
- The power plant units are listed in the order from the worst for

each of (1), (2) and (3) factors.

Order (1) o (2) ' (3) Total
Manila No.l

1 Sucat No.3 fBataan No.2 Sucat No.3

2 Bataan No.l rManila No.2 ucat ©No.3 ucat No.2

3 Sucat No.2 Sucat No.l Sucat No.2 Manila No.l

4  Malaya No.1- f-Sucat No.2-A\}.Bataan No.i- { AManila No.2

5  Bataan No.2 Bataan No.1l nila No.1i- A\-Bataan No.1

6 Sucat No. 4 Sucat No.3 kManiia No.2 tBatéan No.2

7 Manila No.l—I Malaya No.l—-\ Malaya No.l—*Malaya No.l

8 Manila No.2 Sucat Np.é- “\~Malaya No.2- - *Malaya No.2

9 Sucat No.1l Bataan No.2 Sucat No.l *Sucat No.l

S 10 Mzlaya No.2-+-—Malaya No.2 Sucat No.4—*Sucat No.4
11 Batangas No.l -

(Batangas P.P., is excluded because it is a coal-fired

thermal power plant.)

(ﬁote)' * With Sucat No. 1 and No. 4.Units, one year has passed

since the cdmpletion'of rehabilitation.

With Malaya No. 1 and No. 2 Units, four years have passed

since the completion of rehabjlitatien.
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3. Problems of Thermal Power Plant Units and Countermeasures
(1) Causes of Reduced Qutput and Countermeasures

The causes of the reduced output and the countermeasures are

listed in Table 6-1-4.
{2) Problems with Equipment and Countermeasures

The problems with the equipment in the power plant units and

the countermeasures are shown in Tables - 6-1-5 - 6-1-11.

The . problems collected during the site survey are classified
into Turbine (T), Boiler (B), Electric (E), Instrument &

Control (IC), and other Miscellaneous facilities (M).

The number of problems félling under each category is totaled

as shown below.

R Major Probl
Plant Unit | Table AJOL SLOOLEME
: T | B | E Ic M Total
Bataan No. 1 |6-1- 5| 10 15 |17 ] 12 3 57
No. 2 | 6-1- 6| 11 11 8 13 - 3 46
Manila No. 1 | 6-1- 7 8 16 9 1 | s | s2
No. 2 | 6-1- 7 16 | 9 14 .1 5 | 52
Sucat No. 1| 6-1- 8 2 1 - - - 3
No. 2 { 6-1- 8 19 0 | 39 | 8 85
No. 3 |6-1- 8| 10 18 9 39 8 84
No. 4 | 6-1- 8 | 3 2 2 | 1 - 8"
Malaya No. 1 |6-1- 9 6 5 | & 11 2 28
No. 2 16-1-10 | 5 5 4 2 10 | - 2 24
BatangasNo. 1 | 6-1-11 | 4 .22 =T R - 29
7+ Turbine
B :+ Boiler ‘
E : Electrical Equlp.

IC: Instrument & Control-.
M: Miscellaneous and Chemlcal Equlp.

6 - 12



Table 6-1-4 Rated Capacity VS Present Capability
: . . (As of Nov. 1991)
Plant « Unit Rated 233?01ty a ggg:g?}ity - H/A(%§1UU Reason for Derating/Load Limitation Action Plan/Corrective Measures
Bataan No.1 75 *5( 67 Insufficient combustion air due to deteriorated and Presently undergoing (75 days) Major Overhauling
' : corroded AH elements, and gas ducts leak from Oct. 5, 1991 to Dec. 18, 1991.
_ Low steam pressure, high silica in feedwater dete- As excessive vibration occurred during the test
Bataan No.2 150 *130 87 riorated AH elements/seals operation after the repair of the generator rotor,
the test operation will be repeated after repairing.
. . Scheduled for (40 days) Annual Overhauling from Jan.
Manila No.1 100 90 90 Low condenser vacuum due to dirty eondenser tubes 13, 1892 to Feb. 21, 1992.
) ' . . . Scheduled for (40days) Annual Overhauling from May
Manila No.2 100 95 95 Low condenser vacuum due to dirty coneenser tubes 30, 1992 to Jul. 8, 1992.
Sucat No.1 150 120 80 t Al seal leakage and turbine control valve problem Maintenance scheduled for Jan. 1992.
Unit'operating at reduced pressure due to weak boiler Presently undergoing Annual Overhauling and main
tubes. condenser retubing from Aug. 16, 1991 to Dec. 5,
_ _ Imsufficient air flow due to derated capacity of FDF 1991.
Sucat No.2' 200 *150 75 %9 2A caused by heating of motor inboard bearing. Expected to recover rated capacity after rehabilita-
e o Excessive number of plugged main condenser tubes. tion schedule to begin in May 1993.
ngh boiler make-up due to continuous operation of
main and hogging ejectors.
Unit operating at reduced pressure due to weak boiler | Annual Overhauling (75 days) and AH rehabilitation
tubes. finished in May 26, 1991 through Aug. 7, 1991.
Sucat No.3 200 160 80 *2 | High turbine thrust bearing temp ‘Expected to recover rated capacity after rehabilita-
tion scheduled to begin in July 1992.
Sucat  No.4 300 300 100 *1 Unit rehabilitated in 1990.
Capability limited 6ue=to'heating of generator stator | Generator stator core end inspection to be made
Halaya No.1 300 210 703 core. during the Overhauling in 1992.
- ' Operatlng at reduced pressure due to weak boiler tubes.| Annual Overhauling (90 days) scheduled for Aug. 30,
*,
Malaya  To.2 350 290. B BN, sHand R 1992 to Nov. 27, 1992.
Operatlng at reduced pressure due to weak boiler tubes | Annual Overhauling (60 days) scheduled for Feb. 20,
and 51mmer1ng V1 drum safty valve. 1992 to Apr. 19, 1992.
_ : : Decrease in primary air supply capacity. due to excessi-
Batangas ©No.1 300 260 87 ve clearances caused by erosion of coal pulverlzer air
: port rings.
Main condenser tube leak suspected as ev1dent by high
chloride concentration in condensate water.

Note :

Rehabilitation Project

*1_
*2
%3
*4
*Capablllty prior to overhauling

implemented in 1990.
to be implemented in 1982 and 1993.
implemented in 1987.
implemented in 1986.
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Table 6-=1=5

Problem and Basic Countermeasure

Plant : Bataan Unit No, 1 {1/5)
No. Problem Bagsi¢ Counternmeasure ZPrty Reh | OH
Turbine and Turbine Auxiliiary Bquipment
Tl | HIP Turbine Rotor . Non-destructive inspection to confirm 1l o
~ Aged deterioration the reliability and remaining life
2 | P Turbine Rotor .Non~destructiVe'inspection to'cbﬁfi; 1| o
- Aged deterioration the reliability and remaining life
3 | Condenser Tubes Leaking . Coltplete replacement of condenser o
tubes : 1953
4 | HP #1 Feed Water Heater . Complete replacement of HP #1 feed 1| o
Leaking water heater
5| HP #2 Feed Water Heater . Complete replacement of HP #2 feed o
Leaking water heater 1998
6 | Deasrator Tray « Replacement of tray o
' 1993
7 | Boiler Feed Pump . Replacement of pump rotor with 1{ o
- Water emulsifies with floating mechanical seal
©0il passing through - S
bearing standby period | .Replacement of liydraulic coupling
- Pump does not build-up : '
pressure o
8 | Circulating Water Pump - Replacement of circulating water 1] o
— Aged deterioration pump parts '
9 | HSCC Heat Exchanger - . Replacement of - 1| o
- Heat exchanger leaking - Heat exchanger tubes
— Pump vibration - Pump shaft and impeller
‘ ) : - Butterfly valves
10 intake Marine Pipe .Additional installation of marine 1| o
~ Intake steel pipe is pipes _ :
corroded. - Length: 2.4 me x 500 m - 2 lines
- Common used for No. 1
and No. 2 units
Note: T = Turbine, B = Boiler, E = Elect. Equip, IC = Instrument/Control,

M = Misc. and Chemical

Prty = Priority, Reh = Rehabilitation, OE = Overhaul
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_ . Plant : Bataan Unit No. 1 {2/5)
No, Problem Basic Countermeasurs Prty| Reh | OH
Boiler and Boiler Auxiliary Equipment
B1 | Boiler Pressure Part . Overhaul; inspection of remaining 1| o
-~ Aged deterioration - Boiler drum, header, furnace wall
tubes, economizer tubes, SH tubes,
RH tubes
2 Sécondary_SH Tubes ;Complete replacement of secondary 1} o
- Deterioration of tubes 8H tubes
3 { Reheater Tubes .| «Complete replacement of reheater 1y o
-~ Deterioration of tubes tubes
4 i1 SH and RH Attemperator . Replacement of spray nozzles 1] o
Spray HNozzles .
5 | safety Valves for Drum, .Réplacement/overhaul of safety valves o]
SH, RH ' 1993
6 | Boiler Casing . Replacement/repair of boiler casing 1| o
- Aged deterioration and
leaking :
7 | Gas and Air Ducts , . Replacement/repair of gas and air 1] o
- Aged deterioration and ducts
leaking
8 | Gas and Air Duect » Replacement of gas and air duct o
Expansion Joints expansion joints
~ Leaking & corroaion
9 | Gas and Air Duct Dampers .Replacemeht/repair of gas and o
- Sticking & corrosion air duct dampers
10 | Fuel 0il Firing System .Replécement/repair of FO burners, ij o
: ignitors, FO tanks, FO pumps,
FO heaters, etc.
11 | Sootblower . Replacement of the existing 1| o
— Aged deterioration soothlowers with new type
12 | Smoke stack . Inspection and repair of smoke stack ]
13 | Stean Coii Air Heater . Replacement of existing SCAH with 1] o
- Aged deterioration new ones
14 | Air Preheater . Complete replacement of heating 1| o
- Fire inside the rotor elements, seals, diaphragms and
2 times in 1990 and " others -
low temp. part in bad
alignment.
15 | Insulation and refractory| .Replacement/repair of insulation 1| o

- Aged deterioration

and refractory
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Plant : Bataan Unit No, 1 (3/5)
No. Problem Basic Countermeasure Prty| Reh | OH
Electrical Equipment
El .| Generator Stator Ceil .Replacemeﬁt of stator coil It o
- Bged deterioration
2 | Generator Rotor . Replacement of rotor with new rotor 1| o
" | ~ Aged deterioration
3 | Generator Stator - Replacement of terminal board with l| o
Terminal Board: new type
~ Aged deterioration
4 | Generator Lead Bushing . Replacement of lead bushing with 1] o
— Aged deterioration dry type condenser bushing
5 | Generator Brush Holdex . Improvement of slip ring brush holder 1| o
with cartridge type
6 { Seal 0il Vacuum Pump .Réplacement of seal oil vacuum pump 1] o
— Vacuum pump overheat
and oil leakags
7 | Generator H2 Gas Dryer + Replacement of H2 gas dryer 1l o
- Aged deterioration
8 | Generator Gas Supply - Replacement of H2Z and €02 gas supply 1| o
System system
- aAged deterioration
9 Generator_AVR .Replacement of AVR from magnetic 1{ o
- Aged deterioration amplifier type to thyristor type AVR
10 | 15 kv cable _ . Replacement of 15 kV cable and 1| o
- Aged deterioration pothead for Gen. bus to Unit Aux. Tr.
11 | 69 kv Switchyard « Replacement of 69 kV switchyard 1l o
Equipment equipnent :
- Deterioration of AC - 69 kv Gas circuit breaker, 10 sets
and OCB - '
12 | Lightning Arrester . Replacement of §9 kv and 230 kV La o
' - Aged deteriocration '
13| 4,160 Vv Switchgear . Replacement of 3 sets with VCB o
—~ Aged detericration of ' 1993
ASGEN’s latch
14 | 480 Vv Power Center _ - Replacement of corroded terminal, o
- Corrosion of terminal wire and relay 1993
board and relay due to ' '
HCl pipe leakage
15 | UPS (Uninterruptible . Réplacement of MG set with UPS o
Power System) o
16 | Substation Air Compressor| . Replacement of air compressor o
: . : ATEAS: 1 set 1992
17 | Communiecation Facilities .Additional installation and improve- a
: ment of communication facilities
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Plant : Bataan Unit No. 1

{4/5)

Basic Countermeasure

No. Problem
;gstrument and_Control
Ic _
1 | Drum Water Level Gauge
and Indicator
- Out of order
2 | Furnace Monitoring TV
3 | Smoke Monitoring IV
4 | Furnace Gas Temperature
Measurement
5 | Generatoxr H2 Purity Meter|
6 | Automatic Boiler Control
- Obsolete, no more spare
parts
7 | Flue Gas 02 Meter
- Out of order and no
spare parts due to old
type
8 | Chemical Monitoring
‘| Instrument
9 | Fuel 0il Flow Meter
— Out of order
— Aged deterioration
10 | Turbine Supervisory
Instruments )
- Aged deterioration
11 | Control Room Board
Recorders .
- Aged deterioration
- No spare parts due to
old type -
12 | Local Control System

~ Aged deterioration

. Replacement of drum water level gauge]

and remote indicator

Replacement of furnace monitoring v

Installation of smoke monitoring TV

Replacement of furnace gas
temperature measuring equipment

. Replacement of generator H2 purity
meter

Replacement/modification of boiler

control system . .

- Ppeumatic éontrol into dxgltal
control system

Replacement'bf.the existing meter
with new type

. Replacement of chemical monitoring
instrument.

- pH, Conductivity, instrument for
. bemi-plant

.Replacement of the existing metexr

with new type

. Replacement of turbine supervisory
instruments with new model

Replacement of control room board
racorders with new nmodel

.Replacement of local control system
- Steam temp. control .
- SCAH control
- F0 flow control, FO heater control
- FDF air flow contorl
- Sootblower steam press. control
~. Deaerator water level coentrol
~ Condenser level control
~ HP, LP Heater level contrel

| PrEy|

Reh

CH

1933

1993
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- Plant : Bataan Unit No. 1

{(5/5)

L Problem - Basic Countermeasure on
Miscellaneous_and Chemicall Equipment
Elevator . Replacement of elevator fe)
-~ out of order and

ohsolete
Control Room Aix . Overhauling/repair of air conditioner o
Conditioner . 1992
- 3 zets of 10 seis are

out of order (15 7T)
0il Water Separatoxr . Installation of new facilities o
- Hot existing 1992
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Table 6-1-6

Problem and Basic Countermeasure

o Plant : Bataan Unit No, 2 . {1/5)
Ho. Problem Basic Countermeasure Prity| Reh | OH
Turbine and Turbine Auxilfiary Eguipment
Tl [ HP Turbine Rotor, Blade, . Non—-destructive inspection to confir4 1} o
and Casing the reliability and remaining life
- ‘Aged deterioration
2 | IP Turbine Rotor, Blade, . Non~desatructive inspection to confir 1| o
and Casing the reliability and remaining life
- Aged deterioration
3 | LP Turbine Rotor, Blade . Non-~destructive inspection to confir 1l o
the reliability and remaining life
- Aged deterioration
4 | Turbine Bearing . Replacement of #2 bearing bush 1} o
5 | Turbine Main valves . Non-destructive inspection to 1! o
(MSV/MCV. & RSV/ICV) confirm the reliability and
~ Aged deterioration remsining life
» Replacement of main valve'parts-
6 | Tirbine Conmtrol and . Replacement of electrical parls 1! o.
Protection Device for EH Governor
7 | Condenser Tubes Leaking . Complete replacement of cendenser o
tubes - 1993
7A CQndenser, no device for . Installation of on-line tube cleaning] o
backwashing the tubes and debris filter system 1993
8 | CWP Qutlet Valve .Mddificaﬁion of actuator from oil o
-~ Actuator driven by oil piston type to motor-operated type
piston '
9 | BFP Outlet Valve . Replacement of BFP cutlet valve a
- Packing gland leaking {Motor-operated type)
10 | HSCC Heat Ekchanger . Installation of additional plate typé Q
- 2 pumps & 2 heat heat exchanger for No. 1 and 2 units
exchangers have to be
operated in summer
11 | Circulating Water Pump . Replacement of circulating water c
- Aged deterioration pump parts
L " - :
Note: T = Turbine, B = Boiler, E = Elect. Equip, IC = Instrument/Control,

M = Misc. and Chemical

Prty = Priority, Reh = Rehabilitation, 0H = Overhaul
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11

- Erosion/corrosion of

"elemsnts and parts
- Guide bearing is
overheating.

rotor seal plates, and guide
bearings :

~ Plant : Bataan _ Unit No, 2 (2/5)
| No. Problem o Basic Counterneasure Prty| Reh | OH
Boiler and PBeoiler Auxiliary Eguipment
B1 | Boiler Pressure Part '.Overhaul;'inspection of 1] o
~ Aged deterioration -~ Boiler drum, header, furnace wall
: tubes, SH tubes, RH tubes
2 | Secondary SH Tubes . Complete replacement of secondary i} o
~ Deterioration of tubes SH panels '
3 | Reheater Tubes . Complete replacement of reheater 1} o
- Deterijoration of tubes panels
4 | SH Attemperator Spray - Replacement of spray nozzles 1f o
Nozzles :
5 Séféty Valves for Drum, . Replacement/overhaul of safety valves o
SH, RH :
6 | Boiler Casing . Replacement/repair of boiler casing 1{ o
~ Aged deterioration and including insulation and refractory
leaking -
7 | Gas and Air Ducts ;Replacement/repair of gas and air 1l o
~ Aged deterioration and ducts ineluding expansion joints and
Jeaking dampers '
8 | Fuel 0il Firing System . Replacement/repair of FO burners, l} o
" torchs, FO pumps, FQ heaters,
FO tanks, etec.
9 Sootblbwer - Replacement of the existing 1| o
-~ Aged deterioration ‘sootblowers with new type
10 | Gas Recirculation Fan . Improvement of bkearing cooling system o
- Bearing damaged and sealing system
- Bearing cooling system
defective design
- Rotor and shaft sealind
insufficient
Air Preheater. « Replacement of heating elements, 1] o
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- Aged deterioration

- MT 2A & MT 2B of 230 kv switchyard

o ‘Plant ; Bataan _ Unit No. 2 {3/5)
No. Problem Basic Countsrmeasure Prty| Reh | OH
Electrical Equipment
El | Genaxator Stator Coil .Replacement of stator coil L o
~ Aged deterioration
2 | Generatoxr Rotor . Replacenent of rotor with new rotor 1t e
3 | Generator Bearing '.Réplacement of generator beafing 1] o
metal
4 | Generator Gas Supply . Replacement of H2 and CO2 gas supply 1| o
System aystem
~ Aged deterioration
5 | Generator AVR . Replacement of generator AVR with il o
- Aged detericration new model
6 | aor Motor . Rewinding of AOF motox i)l o
7 | 230 kv switchyard . Replacement of 236 kV switchyard i| o
| Bgquipment equipment _
- Detericration of ACB - 230 kV Gas circuit breaker, 5 sets
and OCR
8 | Lightning Arrestéx .Re?lacement of 1A R
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{ No.

Plant

Problem.

P Bataan Unit No. 2
Basic Countermeasure

Ic

10

11

12

13

dnstrument and Control

Drum Watet.Level Gauge
and Indicator
- Out of order

Furnace Monitoring TV
Smcke Monitoring TV

Furnace Gas Temperature
Measurement

Generator H2 Purity Meter

Generator H2 Gas Control
Panel

Automatic Boiler Control
-~ Obsolete, no more spare
parts

Flue Gas 02 Meter
- Out of order and no
spare parts due to old

type

Chemical Monitoring

Instruments o
-~ Out of order and
obsclete

‘Turbine Supervisory

Instruments
—- Aged deterioration

Light 0il Flow Meter
- Aged deterioratiomn

Control Room Board

Recorders

- BAged deterioration

- No spare parts due to
old type

Alarm and Annunciator

« Replacement of drum water level gauge
and remote indiecator

»Replacement of furnace monitoring TV
. Installation of smoke monitoring TV

. Replacement of furnace gas
temperature measuring equipment

. Replacement of generator HZ purity
meter

. Replacenment of H2 gas control panel
ineluding switches and instruments

. Replacement/modification of boiler
control system .
- Electrijcal control into digital
control system

. Replacement of the existing meter
with new type

. Replacement of chemical monitoring
instruments
~ Silica, pH, Conductivity meter

. Replacement of turbine supervisory
instruments with new model

. Replacement of the existing meter
with new type -

. Replacement of contrel room heard '
recorders with new model

.Modification of
"~ First cause annunciator
- Event sequence monitoring systen

Priy

Reh

(4/5)
LoH |

1992

1993

1993
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Plant : Bataan _ Unit No. 2 {(5/5)

No. Problem Basic Countermeasure ___iPrty|Reh | OH

Miscellaneous and Chemical Egquipment
Ml | Elevator . Replacement of elevator o

- Out of order and

cbsclete

2 | Ssampling Rack System . Replacement of sampling rack system 1l o

-~ Aged deterioration
3 | Hydrochloric Acid Tank . Replacement of HC1l tank for 1| o

(HCl Tank)
- Aged deterioration

Demni-plant
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Table 6~1-7 Problem and Basic Countermeasure
Plant : Manila Unit No. 1 & 2 {1/5)
No. Problem Basic Countermeasure Priy| Reh | OH |
Turbine and Turbine Auxiliarv_EQuipment
Tl | HIP Turbine Reotor and . Replacement of HIP turbine rotor 1l o
Blades and blades
- Aged deterioration :
2 | HP, IP Turbine Inner- _ . Replacement of HP, IP turbine inner- 1| o
Casing casing
~ Aged deterioration
3 | Main Condenser Retubing .Replacement of condenser tubes 1l o
- Air c¢ooling zone {No. 1 unit)
ammonia attack
3A { Condenser, no device for . Installation of on-line tube cleaning o
backwashing the tubes and debris filter system 1993
.4 | Feed Water Heaters o
» #3 LP Heater . Replacement of #3 LP heater I{ o
- Tube leaking (No. 2 Unit)
. #6 HP Heater - Replacement of #6 ap heater 1| o
- Tube leaking (No. 2 Unit)
5 | HSCC Heat Exchanger « Replacement of ESCC heat exchanger 2| o
~ Corrosion and poor
heat transfer
6 | Circulating Water Pump +Replacement of parts o
- Aging 1993
Errosion/corrosion
.7 | Travelling Screen . Replacement /overhauling i1{ o
8§ | valves, Pipes and Hangers _ .
1) Ranger . Inspection and adjustment 1t o
2) Valves + Replacement 1lf o
. '~ Turbine main stop valves
3) Piping . Inspection and Repair 1y o
- Hain steam, RH steam
~ Condensate, FW
~ CWP line
- HSCC line
9 | Condensate Water Pump
~- Casing crack No. 1 A » Replacement of pump o
- Casing crack No, 2 A . Replacement of pump o
Note: T = Turblne, B = BOller, E = Elect. Equlp, Ic = Instrument/Control,
M = Misc. and Chemical
Prty = Priority, Reh = Rehabilitation, OH = Overhaul
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ﬁnit ﬂg; 1 & 2

) Plant : Manila (2/5)
Ne. Problem Basic Countermeasure Prity| Reh | OH
Boilexr and Boiler Auxiliakry Egquipment
Bl | High Pressure/Temperature| 1) Inspection and overhaul of drum 1| o
Part of Boiler 2) Inapection of waterwall tubes 1] o
~ Aged deterioration ~ Cutting of tube sawple & inspection
3) Inspection of economizer tubes 1l o
—~ Cutting of tube sample & inspection
4) Inspection of primary superheatex 1| o
tubes
- Cutting of tube sample & inspection
5) Hydrostatic pressure test of boiler o
2 | Secondary Superheater 1) Replacement of 2nd. SH tubes (except 1| o
- Aged deterioration SUS tube banks) and tube support 100%
2)Inspection of 2nd. SH tubes o
3 | Reheater 1)Replacement of reheater tubes. i| o
- Aged deterioration {inlet bank only) and tube supports
‘100%
2) Inspection of reheater tubes °©
4 | Gas and Air Ducts - Repair/replacement of gas and air il o
i ducts
5 | Gas Duct Dampers 1) Replacement il sets 1] o
=~ Very bad condition 2} Repair others 1| o
6 | Gas and Air buct- - Replacement all sets 1| o
Expansion Joints
- Leakage & corrosion
7 | 81 and RH Attemperator - Replacement of spray nozzles 1| o
Spray Nozzles :
8 | Fuel 0il Fi:ing'System « Replacement/repair of FO hurnérs, 1| o
. - FO heaters, FO pumps .
9 | air Preheater .{Rgplécement of cold end element and i| o
- Erosion/dorrosion of seals :
cold end element and :
seal
10 | SCAH .Additional installation of SCAH 1| o
- Not installed {No. 1 & No. 2 Units)
11 | Sootblower . Overhauling of retractable soot 1] o
— Reliabilty down with blowers o
sticky motion
12 | FOF and Air Duct '.Transfer/replacement of FDF and - i o
-~ Vikration modification of air duct
13 | smoke Stack . Inspection and repair 2| o
~ Damage of gunite
lining
14 | Dust Collector and . Repair/replacement of dust collector 1| o

Hoppers

- Brosion/corrosion

and hoppers :
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. : _Plant ; Manila Unit No. 1l & 2 (3/5)
No. Problem Basic Countermeasure Prty| Reh | OH
B15 Ash Handling System . Modification/replacement of ash I o

- Aged deterioration handling sysatem
16| Auxiliary Steam System . Modification/replacement of auxiliary 1{ o
- Aged deterioration steam system
Electrical Equipement
El | Generator Rotor + Replacement of generator rotor 1] o©
- Generator rotor winding
insulation deteriorated
2 | Generator Stator » Inspection of generator stator 1| o
- Generator stator '
winding insulation
deteriorated
3'| BFP Motor .Rewinding 1{ o
- Aged deterioration
4 | WP Motoxr . Rewinding 1| o
-~ Aged deterioration
5 | Condensate Water.fump .Rewinding for No. 1 unit 2 sets 1} o
Motor « Rewinding for Wo. 2 unit 2 sets i}l o
'~ Aged deterioration
6 | Power Cables _ - Replacement of 4,160 V power cables 2{ o
-~ Aged deterioration '
7 | Battery . Replacement of battery o
- Aged deterioration : 1993
8 | 4,160 V/480 v Transformer| .Replacement of 4,160 V/480 V trans- 2| o
former
(From PCB oil to mineral oil)
9 | Communication Facilities .Additional installation and o
improvement of communication
facilitias
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Plant 3 Manila _ Unit No. ] & 2

{4/5)

Problem

No. Basic Countermeasure Prtyi Reh | OH
Instrument and Control
ic .
1 | Automatic Boiler Control . Replacement /modification of boilex | o
- Obsolete, no more spare control system :
parts - Pneumatic control into micro
processor control system
2 | 8moke Stack Monitiring TV} .Addition of smoke stack monitoring 1] o
™ :
3 | Flue Gas 02 Meter . Replacement of flue gas 02 meter 1! o
4 | Turbine Aux. Level . Replacement /overhaul of level control 2| o
Controls for deaerator, condenser hotwell,
feedwater heater drain and LTR drain
5 | Mercury Type Float, Temp. . Replacement of mercury type float, 2| o
and Pressure Switches temp. and pressure switches
- No mere spare parts
due to obscleteness
6 | Draft Gauges . Total replacement of draft gauges 2y o -
7 | Interlock Relay .Addition of interlock relay 21 o
8 | Sootblower Control System! .Replacement of scotblower control 2 o
system ' -
9 | Control Room Board . Replacenent of control room board 21 o
Recorders recorders
10 | Hydrogen Purity Meter . Réplacement of generator hydrogen 2t o
purity meter
11| Boiler brum Level Gauge . Installation of BAILEY boiler drum o
level gauge 1993
(Bi-color, YARWAY to bhe replaced)
12 | Checmical Monitoring .Additional of chemical monitoring 21 ©
Instruments instruments :
13 | Fuel 0il Flow Meter and . Replacement of fuel oil flow meter o
Integrator and integrator 1993
14 | Feedwater Control valve . Replacement of feedwater cqntrél o
valve 1993
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Plant : Manila Unit No, 1 & 2

{5/5)

- Aged deterioration

No. Problem Basic Countexmeasure Priy| Reh
Miscellaneous and Chemicall, Equipment
Ml | Chemical Injection System| .Replacement of chemical injection It e
~ Aged deterioration system
2 | Screen Wash Pump . Replacement of wash pump (3 sets) | o
- Aged detericration for travelling water screen
3 | Ventilation Fan .Repgir/overhaul of ventilation fans 1| o
- Aged deterioration for boiler/turbine buildings
4 ; Boiler Building Roof . Repair of waterproof for boiler
building roof '
5 | Bampling Rack System + Replacement of sampling rack system 2| o

.o

1992
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Table 6-1-8 Probl

em and Basic Countermeasure

R o _Plant : Sueat Unit No. 1 (1/10) _
No.| . Problem — Basic_ Countermeasure o[ PTLY| Reh | OH |
Turbine and Turbine Auxiliary Equipment
Tl | Feed Water Heater . Replacement of tubes for HPH #6 -
-~ HPH #6 Tube leaking 1992
2 | H8CC Heat Exchanger . Replacement with plate type heat o
- Tube leaking exchangexs (2 seis) 1993
Boiler and Boiler Auxiliapy Equipment
Bl | Fuel 0il Heater .Replacement of £fuel oil heaters o
- Tube leaking (3 sets) 1993
Note: T = Turbine, B = Boiler, E = Elect. Equip, IC = Ins’tfumeﬁt_/(‘:ontro'l',
M = Misc. and Chemical : : ' '

Prty = Priority, Reh = Rehabilitation, OH = Overhaul
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Plant : Sucat Unit Ro. 2 & 3 {2/10)

Problem . - Basic Countermeasure Prity| Reh | OH |

Purbine and Turbine Auxiliary Equipment

HP Turbine Rotor and . Replacement of HP turbine rotor and i| o
Blades _ blades
~ Aged deterioration

IP Turbine Rotor and . Replacement of IP turbine rotor and 11 o
Blades bladés
- Aged deterioration

HP and IP Turbine Inner . Replacement of HP and IP turbine 1} o
Casing : inner casing

~ Aged deterioration

LP Turbine Blades « Reblading of LP turbine blades i ©

- Aged deterioration (No. 3 Unit)

Main Steam Condenser .Retubiﬁg of main steam condenser o

~ Tube leaking . {No. 2 Unit) 1991
.Partial retubing of main steam 11 o

condenser (No. 3 Unit)

Air Ejector ;ﬁéplacemént of air ejectors il o
~ Aged deterioration {2 sets for main condenser and
B 2 sets for auxiliary condenser)
Condensate Pump . ~ »Overhaul of condensate pumps _ o 0.
Circulating Water Pump . Overhaul of circulating water pumps o
Fesd Water Heater and .Reblacement of feed water heater
Prain Coolex and drain cooler ' :
~ Tube leaking ~ HPH #6A and #6B (No. 3 Unit) 1| o
- HPH #5A and #5B (No. 2 Unit) 1] o
- LPH #3 .~ {No. 3 Unit} _ o -
1992
~ Drain cooler {No. 3 Unit) 1| o
HSCC Heat Exchanger . . Replacement of plate type heat ' 1] o
- Tube leaking exchanger (2 sets)(No. 2 Unit)
. Overhaul of plate typs heat exchanger o

(No. 3 Unit) 1992
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Plant ; Sucat Unit No. 2 & 3

. (3/10)

| Ho .

Bl

10

11
12

13
14,

15

16

Basic Countermeasure

Prt?

Reh

OH

____Problem
Boiler and Boiler Auxilia

Water Wall Tubes
~ Deterioration of tubes

Secondary SH Panels
- Deterioration of tubes

Pandant RH Panels
- Detericvration of tubes

SH and R Attemperator
Spray Nozzles

Boiler Casing
- Aged deterioration
and leaking

Gas and Bir Ducts
- Aged deterioration and
leaking

Boiler Bottom Ash Hopper
- Aged deterioration

Air Prehsater
- Erosion/corrosion of
‘elements and parts

Steﬁm Coil Air Heater
- Aged deterioration

Dust.Collector and Ash
‘Handling System :
— Rged deterioration’

Gas Recriculation Fan

Forced Draft Fan

Motor Driven Boiler
Feed Pump

Turbine Driven Boiler
Feed Pump

Sootblower System
- Unreliable due to
sticky motion

Fuel 0il Firing System
and Fuel 0il Heater

ry Equipment

of all front and rear
walls, burnexr zone
corner tubes.

. Replacement
walls, side
panels, and

. Replacement of 60 panels of secondary

SH

. Dismantling/removal of all pendant
RH panels

. Installation of new pendant RH panels
.Replacement of spray nozzles

8H ... 2 pos

RH ... 1 pc

.Repl&cemsﬁt/repair of boiler casing

. Replacement /repair of gas and
air ducts '

. Comprehensive repair of bottom ash
hoppers

. Replacement of heating elements and
parts o '

.Replacement of existing SCAH with
new ones '

.Replacenent of dust collector hoppers
and ash handling system

. Overhaul of gas recirculation fans

. Overhaul of forced draft fans

. Overhaul of motor driven beiler
feed pumps

.Oveihaul-of turbine driven boiler
feed pumps

.Replacement/rehabilitation of
sootblower system

,Replaceﬁent of fuel oil burmers with
the new design steam atomizing ¥Y-jet
.burners '

. Replacement of fuel oil heaters
{2 sets) '
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Plant : Sucat Unit No. 2 & 3

(4/10)

pipes and supports

.Modification of auxiliary steam
system

:ﬁb. Problem Basic Countermeasure Prtyj Reh | OH
B17 Light 0il Firing .Modification of light ¢il firing 1| o
System system
18 Smoke Stack . Rehabilitation of smoke stack 1| o
- Damage of inner steel (Common for Sucat 1 and Sucat 2)
lining & insulation
19| Boilexr Piping .Replacément.of start-up bypass target 1| o
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Plant : Sucat Unit No. 2 & 3 (5/10)
No, Problem e Basic Countermeasure Prty| Reh | OH
Electrical Eduipment
El | Generator Stator and . Overhaul of generator stator and o .
Rotor . rotor
2 | Exciter and AVR . Replacenient of excitor and AVR 1j o
- Brushless exciter to Static execiter
(ABB) (No. 2 Unit) _ _
. Repair of exeiter (No. 3 Unit) il o
- Replacement of AVR
3 | 480 Vv Switchgear and MCC . Overhaul of existing 480 V SWGR o
. Replacement of motor control centers 1] o
with new ones i
~ Turbine MCC
- Boiler MCC
—- Station service MCC
- Vent fan MCC (Ne. 3 Unit only)
- Power receptacle panel
. Replacement of 480 V power cables I o
41 4,160 Vv Motor . Overhaul of all 4,160 V motors o
5| 4,160 Vv Power Cable . Replacenent of 4,160 V power cables 1| o
- MBFP, FDF, P/C Tr :
6 | CVCF . .Additional installation of CVCF 1| o
7 | sootblower Electrical . Replacement of sootblower electrical 1} o
Control System control system
8 | Protective Relay .Replacement of reverse power relay il o
(No. 2 Unit only)}
9 | 115 kv Switchyard . Replacement of 115 kV switchyard 1| o
Edquipment egquipment )
- Deterioration of BS - 115 kV disconnecting switch, 2 sets|
and OCB - 115 kV gas circuit breaker, 2 sets
10 | Communication Facilities .Additional installation and o
improvement of communication
facilities
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Plant : Sucat _ Unit No, 2 & 3

(6/10)

No.

Problem

10

11

12

13

Instrument and Contxol

Auxiliary Steam System

SCAH Control System
Fuel 0il Heater Control

Fuel Oil Control

Fuel 0il Flow Meter and
Integrator

Light 0il Control

Contreol Air Back-up Valve
Dust Collector By-Pass
Control

GRF Control System
FDF¥ Control System

AH Gas Inlet pamper
Control

Automatic Boiler Control
- Obsolete, no more
spare paris

Steém_Temperature Corntrol

Basic Countermeasure

Priy

Reh

.Modification of auxiliary steam
system

"+ Replacement of control valve

« Replacement /modification of SCAH
control system

.Replacement/quitication of fuel oil
heater control system

. Replacement/modification of fuel oil
control system '
- Fuel oil pressure control
—- Atomizing pressure/temperature
control

. Replacement of Tuel oil flow meter

.Replacemeut/overhaul of light oil

" eontrol system -
- Light oil pressure control
- Ignitor control system

-Installation of control air back-up
valve :

+ Replacement of dust collector by-pass
control system

- Replacement of GRF control system
- GRF cooling and sealing air
damper control
- GRF outlet damper control
- GRF inlet damper cotnrol

.Replacsment of FDF control system

- FDF flow control from Siemens motor

" type to Bailey pneumatic type
- FDF cooling and sealing air damper
control

.Replacement of AH gas inlet damper
control from Sieméns motor type to
Bailey pneumatic type o

.Replacement/modification of automatic
koiler control system with Bailey
Network-9¢ for reliable opexation

« Replacement of steam temperature
control system-

- 8H and RH spray control valve
~ SH and RH spray shut-off valve

OH,
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_ . Plant 3 $uecat Unit No. 2 & 3 (7/10)
No. _Problem Basic Countermeasure Prty: Reh on |
I
14| start-up By-Pass Systenm . Replacement of start-up by-pass 1t o
system including transmitter, H/A
station and control valve
15t Boilexr Metal Temp. . Replacement of temperature reocorder 1| o
Measurement and sensors
i6 ] Furnace Gas Temp. .Repiacement of probe tube and sensors i} o
Measurement ' '
17| Closed Circuit Television| .Replacement of closed circuit tele- 1l o
System vision system fox boiler furnace
flame monitoring and smoke stack
monitoring
18 | Sootblower Control System| .Replacement of socotblower steam 1} o
pressure control and AH scotblower
shut-off valve
19} Flue Gas Oxygen .Replacément of flue gas oxygen 1l o
Measurement analyzer and recorder
20 | Deaerator Control System . Replacement of deaerator control 1] o
: system . '
- Deaerator pressure control
- Deaerator storage tank level
‘control '
21| Turbine Lo¢al Control .Replacemént of turbine local contreol "1f o
System system _ _
~ Hotwell level and qondensate
recirculatien control
— EPH #6A and $#6B8 drain control
- HPR #5A and #5B drain contrel
- LPH #3 drain control
- LPH #2 drain control
- LPR #1 drain control
- House service closed cycle cooling
water control ' :
22 | Low Temperature Cold . Replacement of low temperature cold 1| ©
Reheat Drainer reheat drainer
23} Sequence of Event .Adaition of-sequence of event 1] o
Recorder _recorder {3% points)
24| Condenser Recorder .Addition of recorder for condensate 1| o
make-up, condensate flow and vacuum :
measuring system
25| Local Gauges + Replacenent of_loéal gauges : ~1].0
- Pressure gauge 103 + 33 pes -
~ Temp. gauge 63 + 19 pes -
26 | Mercury Type Fleoat, Temp. .Replacement.bf-mercury type float, 1f o©
and Press. Switches temp.. and press. switches
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o Plant : Sucat_ _Unit No. 2 & 3 (8/10)
| No. Problem Bagic Countermeasure Prty| Reh | OH
IcC
27| praft Gauge Indication « Replacement of draft gauge indication 1| o

with Bailey multi-pointer gauge type
PG
28 | Interlock Relay - Replacement /modification of interlock 1] o
relay with new model
29 | Control Board Recorder - Replacement of control board recorder 1l o
‘ for boiler air/gas, boiler steam/
water, condensate, feed water, T/¢
bearing and turbine metal casing
temperature ’
30{ B/T Board Indicator and .Replacement of B/T board pressure/ 1] o
Transmitter temperature indicators and trans-
mitters
31| Alarm and Annunciator «Addition of alarm and annunciator 1] o
32 | TBFP Recorder .Repiacgment_of'TBFP recorder for 1} o
bearing temperature and other ’
operating parameters
33 | Turbine Hydraulic Control . Complete replacement of Electro~ 1| o
and Steam Seal Control - hydraulic (EHG) control system and
steam seal control
34 | Turbine Supervisory . Replacement of turbine supervisory 1y o
Instruments instruments with new model
35| Turbine Valve Position . Replacement of the position l1i o
Indication. transducer for control valve and
extraction valves ineluding
indicators :
36 | Minimum Flow Valve for -Modification of minimum flow valve 1] o
BFP ' control system
37 Hydrogen Purity Meter -Replacement of hydrogen purity i| o
: meter
38 | ¥BFP Hydraulic Control . Replacement/overhaul of TBFP 1| o
hydraulic control
39 | Turbine Wall Stress .Replacement of turbine wall stress i| o
Evaluator evaluator with new hardware system
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Plant : Sucat  Unit No. 2 & 3

(95/10)

Ne. Problem Basic Countermeasure Prtyj Reh | OH
Miscellaneous and Chemical Edquipment
¥l | Chemical Feed Systenm . Replacement of chemical fead syétem 1| o
2 | Condensate Polishing .Replacemant/overhaui of condensate il o 1Y
Plant polishing plant '
3 | Condensate Magnetic .Additional installation of condensate 1 o
Filter magnetie filter
4 | rlushing Lines . Rehabilitation of preboiler flushing 1l o
lines for start-up purpose of unit
5 | Demineralizing Plant . Replacement/overhaul of existing il o o
demineralizing plant
6 | New Demineralizing Plant . Additional installation of new Organo 1| o
demineralizing plant
{54 t/h, 1 train)
7 | Sampling Rack . Replacemsnt of sampling rack 1| o
8 | Chemical Preservation .Addiﬁional installation of boilex | o

System for Sucat 2 and 3

preservation system
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B Plant : Sucat _ Unit No. 4 (10/10)
No. Problem Basic Countermeasure Prty| Reh [ OH
Turbine and Turbine Auxiliary BEquipment
Tl P Turbine Casing . Replacenment of LP turbine casing o
~- Casing crack. 1994
2 | Deaerator . Modification of deaerator from o
' Siemens type to Tray type 1994
3 | Raw Water Pump - Replacement of raw water pump o
1992
Boiler and Boiler Auxiliary Equipment
Bl | Water Wall Tubes - Replacement of boiler corner tubes ]
-~ Deterioration of tubes 1992
2 | FDF Suction Silencer . Replacement of expansion joint &)
’ 1994
Electrical Eguipment
El CWP Motor . Replacement of 4A CWP motor o
‘- Aged deterioration
2 | 115 kv Switchyard - Replacement of 115 kV switchyard o
Equipment equipment 1994
— Deterioration of OCB - 115 kV gas circuit breaker, 2 sets
{For gsnerator CB)
Instrument and Control
1 | Boiler Contrél Valve . Replacement of boiler control valves o
- Aged deterioration (Cv-107, CV-109, MV-1) 1994
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Table 6-1-9 Problem and Basic Countermeasure

. Plant 1 Malaya Unit No. 1 (;ig%
No. Problem Basic Countermeasure Priy| Reh OH
Turbine and Turbine Auxiliary Eguipment
T | IP Turbine Rotor . Replacement of IP rotor o
- Many balancing weight ' 1993
- : (MO)
2 | Aux. Condenser . Retubing (Replacement with tubes o
-~ Plugdged tubes 6.18% that are already available} 1892
3 | Feed Water Heatex . Installation of strainer* o
. HPH #5A & 5B along the extraction steam line to 1992
- Plugged tubes HPH #5A & #5B.
1.96% for 5B * Fabricated by MEC.
. LPHE3 : '
~ Plugged tubes over . Replacement of tubes* for HPH #5A & o
35%, bypass operation #58 and LPH 3., 19983
due to tube leaking * Fabricated by MEC,
4 | House Service Cooling . Replacemant of #B cooling water heat o
Water Heat Exchanger ‘exchanger with plate type heat 1993
- Tube leakags exchanger (Additional)
9.46% with #a
10.64% with #B Note:
1) Existing H.S5. cooling water heat
exchangers #A and #B are tube
type. o
2) In the last 1931 overhaul, the
new plate type heat exchanger vas
installed.
5 | Weak T-BFP Turbine Blades] .Reblading of T-BFP turbine o
~ Deterioration of blades 1993
6 | LP Turbine Rotor . Reblading of LP turbine rotor for o
' - Deterioration of blades generator side only : 1993
Note: T = Turbine, B = Boiler, E = BElect. Eguip, IC = Instrument/Control,
M = Misc. and Chemical

Priy = Priority, Reh = Rehabilitation, OH

Overhaul
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o _ Plant ; Malaya  Unit No, 1 {2/5)
No, Problem Basi¢ Countermeasure Prty] Reh | OH |
Boiler and Boiler Auxiliaky Edquipment
Bl | Air Preheater .Replacement of heating elementst o
- Excessive corrosion of and parts 1992
heating elements and * Intermediate temperature or
parts elements fabricated by 1993
mapufacturer: 1 lot
. If found the fule oil additive was
effective, no replacement of elements
will be necessary in 1992.
2 | Secondary SH Tubes . Adjustment/realignment of tubes and o
- Sec. SH tube panels are panels. 1992
misaligned . Installation of tube-clamps
3| 8tack : .Ingpection and partinal repair o
- Inner plate Lining is 1933
. ¢orroded
4 | Gas Duct .Modification of gas duct between o
~ Gas duct is leaking due boiler and stack, as same as NO0.2 1993
to excessive corrosion ~unit (Insulation inside the duct)
5 | Retractable Soot Blowars . Replacenment /repair of retractable o
for Secondary SH scot blowers ... 2 sets 1993

~ Not operable due to
deterioration
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Plant_: Malaya Unit No. 1 {(3/5)
No. Problem Basic Countermeasure Prty| Reh | OH
Electrical Equipment
El | Generatoxr Stator . . Generator core end inspection by o
- Core end temperature "ELCID* test to be done during the 1992
high (287 °F = 142 °C) 0H.
.Depending on the result of test by o
"ELCID", repair/replace of generator 1993
core end similar Sucat-4 will be
evaluated. .
2 | Exciter .Replacemant of exciter from Brushless o
~ Exciter failure, burned type to Static type {(Refinement under 1992
stator winding ABB Contract) :
{2-times)
3 | Emergency Diesel . Replacement of emergency diesel G
Generator . generator o 1993
- Obsolete, no more spare Existing 300 EW to 500-600 KW new one (MO}
parts _ : :
~ Insufficient generating
capacity
4 | communication Facilities .Additional installation and o

improvement of communication
facilities
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BET

- Plant : Malaya Unit No. 1 (4/5}
No. Problem Basic Countermeasure Priyl Reh ! oOH
Instrunent and Control
Ic )

1 [ GRF Inlet/Outlet Damper » Replacement with new type actuators <
Control 1983
~ Pneumatic actuators are

already old and spare
parts are obpsolete.

2 | Boiler Metal Temp. . Replacement of defective sensors o
Measurement 1992
~ Malfunction of sensors

3 | Control Air Compressor - Installation of additional ©
- Insufficient control control air compressor (ATLAS) 1992

air system

4| Low Temp. Reheater Drain . Improvement of hammering of pipes o
Control : 1992
- Defective and used in . Replacement of spare parts

manual only
‘5| Boiler Metal Temp. .Replacement of existing old and o
Measurement obsolete recorder with new model. 1993
~ Recorder is cbsolete {Electronic type)
and difficult to buy
spare parts + Replacement of defective sensors.

6 | Mercury Type; Float, - Replacement of defective switches o
Temp. and Press. with new model (Micre switch type) 1992
Switch
- Aged deterioration

7 | Control Room Board .« Replacement of existing old, obsclete o,
Recorder _ . model with new model. 1993
- Pifficult to buy (Electronic type)

. spare parts

8 | Boiler/Turbine. Board . Replacement of existing old, obsolete o
Indicator & Transmitter model with new model. 1993
~ Difficult to buy (Electronic type)

spare parts . :

9 | Turbine valve Position -Replacement of defective transmitter o
Indicator : with new one; more durable one 1993
- Transmitter is deter- '

iorated

10 | Air Conditioner for « Replacement with redesigned. o

Control Room centeralized air conditioning system. 1992
~.Existing package type

system is not encugh.
Manual Burner Firing .Modification of burner firing system o
System to automatic operation at control 1993

room :
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plant : Malaya _ Unit No, 1 (5/5)
No. Problemn Basic¢ Countermeasure o |Prtyl Reh | OH
Micellaneous and Chemical] Equipment
M1l { Boiler Room Ventilation .Modification/repair of ventilation o
(Roof Fans) facilities 1992
- Not opsrable due to -~ Modification of ventilation or
deterioration penthouse : 6 sets 1993
- pifficult to do main- - Removal of existing fans and . {M0)
tenance and repairing motors : 6 sets
during operation of the ~ Installation of new ventilation-
boiler fans and ducts : 6 sets
2 | Sewaye Treatment Plant . Rehabilitation of sewage treatment )
plant 1992
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Table 6-1-10 Problem and Countermeasure

. ) Plant : Malaya Unit No. (1/4)
i No . Problem Basic Countermeasure Prty| Reh | OH |
Turbine and Turbine Auxiliary Equipment
T1 | HP Turbine Rotor .Replacement of 6th, stage blades. o
- 6th. stage blades, ~ 96 blades and 96 sets of shrouds of 1992
cracked HP turbine, 6th stage.
2 | LP Turbine Rotor . Replacement of 16th. stage blades. Q
~ 16 th. stage blades, ~ 9 blades and 9 sets of shrouds of 1992
cracked LP turbine, l6th. stage.
3 | Feed Water Heater -Replacement of tubes. .0
. LPH 2 1992
. LPH #3
- Plugged tubes
- Cracked tubes at
desuperheating zone
4 | Cold Reheat Steam Line .Modification of hangers o
- A hanger is out of 1992
ordex
5 | Raw Water Pump .
- Errosion of pump rotor/| .Replacement with a new pump o
casing due to vertical type ... 1 set only 1992
~deterioration
Note: T = Turbine, B = Boiler, E = Elect. Equip, IC = Instrument/Control,
M = Misc. and Chemical L
- Prty = Priority, Reh = Rehabilitation, OH = Gverhaul
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Plant _: Malava Unit No. 2

{(2/4)

|1z
0

Bl

El

Problem

Basic. Countermeasurea

Boiler and Boiler Auxilia

v Eduipment

Water Wall Tubes

- Deteriaration of tubes

~ Steam pressure dervated
from 169 kg/em2 to
140 kg/en2 to preclude
tube failure forced
outages

Secondary SH Tubes
~ Deterionation of tubes

Reheater Tubes
- Deterioration of tubes

Air Preheater

-~ Excessive corrosion of

heating elements and
parts ’

- 8moke Stack
-~ Inner plate lining

is corroded.

Electrical Equipment

Generator Neutral Bushing
-~ Neutral bushing
heating

Cireculating Water Pump

Motor:

~ Pump vibration due to
damaged cutless
bearing

. Complete retubing of all front and
rear walls, and partial retubing of
gide walls

. Partial replacement of thinned tubes
. Complete replacement of inlet coil

« Replacement of heating elements*
and parts , o
" % Intermediate temperature elements
fabricated by MEC.: 1 lot

. Inspection and partial plate repair

. Inspection/xepaix/replacement of
generator neutral bushing

. Replacenesnt of motor with the
spare motor: 1 set

_|Prty

Reh

OH

1992

{1992

1992

1992

1992

1992

1992
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Plant : Malaya _Unit No, 2

(3/4)

(Mechanical govermor to Electro
hydraulic governor)

No. Problem _Basgsic Countermeasure . IPxrty; Reh | OH
Instrument and Control
Ic

1| Aux. Steam Control system| .Replacement of control valve (C.V.) o

- C.V. is not used, but 1992
bypassed in operation
due to high press. drop

2 | SCAH Control . Replacement of control valve (C.V.) o
- C.V. response is somg- positioner. ' 1993

times slow; C.V.
positioner is of old
nodel.
3 | FOF Air Flow Control « Replacement /modificaiton of control o
~ Malfunction always - system; 1993
happens in changing - Pneumatic to micro processor base
control mode from auto control
to manual., -
- No spare parts due to
‘obsclete model.

4 | GRF Inlet/outlet Damper + Replacement of control system or o
Control ' possible replacement of cbsolete 1993
- Operable only in manual components

mode, .
- High vibration in aute
mode, :
5] Autcmatic Boiler Control +«Replacement/modification of boiler o
- 8low response, and can control systen; 1993
not follows auto - Pnreumatic contorl into micro
freguency control, processor control system
: {RETWORK-90 system)

6 { Condenser Recorder’ « Replacement of thermocouple, R.T.D o
- Some sSensors are and sensors. 1993

defective. :

7 | Boiler Metal Temp. . Replacement of existing old and o

' ‘Measurement obsolete recorder with new model. 1983
~ Recorder is obsclete
and difficult to buy
spare parts.

8 | Control Room Board . Replacement of old and obsolete model o
Recorder with new model. : 1993
- pifficult to buy

spare parts.

9 | Boiler/Turbine Board . Replacement of existing old, cbsclete o
Indicator & Transmitter ‘ones with new model, 1993
~ Difficult to buy

spare parts.
10 | Turbine Governor Control . Modification of turbine governor °
System o  control system 1992
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Plant : Malaya Unit No. 2 LYY
| NG . Problem Basic Countermeasure Prty| Reh | OH
Miscellaneous and Chemicall Eguipment
M1l | Chemical Injection System| . Installation of automatic.chemical o
injection of boiler water asystem 1992
2 | Sampling Rack . Replacement of sampling rack o
- Aged deterioration 19392
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Table 6-1~11 Problem and Basic Countermeasure

Note

M = Misc. and Chemical

Prty = Priority, Reh = Rehabilitation, OH = Overhaul

. 6 - 48

- Plant : Batangas Unit No, 1 D e VA3
No. Problem Basic Countermeasure Prty| Reh ! OH
Turbins and Turbine Auxilliary Egquiphent
T) | Condenser Tubes . Total replacement of Al-Cu tubes o
- Tube leaking ' 1992
« Replacement of failed titamium tubes
2 | Condenser Discharge Pipe’ . Inspection and repair of condenser o
- Damaged rubber lining discharge pipe ' 11992
- Corrosion of steel pipe
3 | Condensate Pump . Replacement of pump parts o
- Low performance 1992
4 | Gantry Crane for CWFR « Reinstallation of the crane o
- Crashed by typhoon 1992
T = Turbine, B = Boiler, E = Elect. Equip, IC = Instrument/Control,




. Plant :'Baggngggmm_Unit No. 1

(2/4)

Clogyging
- Sticky Semirara coal

.Still under discussion with
contractor

Mo, } Problem Basic Countermeasure iPrty| Reh | OH
Boiler and Boiler AuxiliaLv Equipment
Bl Primary SH Tubes . Ingpection/testing of tubes wall o
~ Sootblowing steam thickness by unltrasonic thickness 1992
erodes tube wall. indicator (UTI)
. Replacemant of tubes, if found below
allowable thickness
2 | Reheater Tubes . Inspaction/testing of tubes wall o
- Sootbloving steam thickness by UTL 1992
erodes tube wall.
. Replacement of tubes, if found below
allowable thickness
3 | Poor Performance of Mills . Replacement /repair of worn out -0 
~ Wear of mill internal components. 1992
components, speed . _
reducer bearing, burner| .To conduct periodic inspection every
shut-off vaives, 2,500~--3,000 hrs.
dampers, eto,
4 | coal Burners and Ceoal . Replacement/repair of coal burners o
Conduits _ and coal conduits 1992
- Erosion by pulverized
coal flow
5 | Gas and Air Ducts . Replacement of gas and air ducts and o
- Aged deterioration expansion joints 1992
and leaking
6 | Air Preheater . Replacement /repair of heating o
'~ Erosion and leaking elements and parts 1992
7 Primary Air Insufficient . Repair of AH and air ducts o
— AB and air ducts . Repair of mill, primary air famns, 1592
leaking dampers, controls :
8 | Sootblower. . Repair/replacement of damaged parts o
~ Several SB out of ) 1992
commission
9 | coal Silos Clogging .Final acceptance still pending 1| o
- Bticky Semirara coal 1990
. Under study by contractor.
10 | Transfer Tower Hopper * . Provisional acceptance'still‘pehding l] o
1880
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Stacker and Reclaimer
Rails :

L Plant : Batangas _ Unit No. 1 (3/4)
No. Problem ___Basig¢ Countermeasure Prty| Reh | OH
B
11 | Spontaneous Combustion + Control of coal inventory at coal varg
at Coal Stockyard -~ Stock of pile height limited to
- Semirara coal 10 m
prone to spontaneous : o
combustion due to high . Compaction of coal stockpile
VCM moisture - Two new bulldozers already
moilsture delivered
.Use of heavy equipment to remove,
transfer and cool hot coal at the
stockyard
. o
12 | Conveyor System + Replacement of all deteriorated 1992
- Rapid deterioration of system components and worn out
conveyor system CONVeYyors
components
. . 1| o
13 { Flying Dust at Coal . Installation of windbreak fence No2u
Stockyard {Ho. 2 Unit construction stage)
- Strong winds
- o ‘ o
14 | Flooded Coal Yard during . Cementing of all stockpipe floor and
Heavy Downpour - enlargement of drainage canals,
-~ Uncemented coal yard Bach 3 stockpile coal yard has
floor absorbs water. . an area of 50 x 250 meters.
Coal saturated with (Under study)
water covers drainage
canal making it '
difficult to restore
water flow to the
sedimentation pond.
o
|15 | *ransfer Tower Structure » Rehabilitation of transfer tower 1993
Deteriorated structure
- Constant contact with '
coal and water-
16 | Boiler Feed Pump . Replacement of worn out pump 1992
- Low performance components
)
17 | Station Service Air . Repair of existing station service
Compressor ajir compressor 1992
- Detericration/breakdown
of air compressor _
.Additional installation of station
service alr compressor
: o
18| Pressure Blower for .BAdditional installation of new
Transfer of Ash ' pressure blower
- Inadeguate air
' . Overhaul of old pressure blower o
_ : ' o 1592
i9 | Agh Handling Plant . Replacement/repair of worn out
—~ Erosion/corrosion of conmponents
plant components o
- ' 1992
20 "« Realignment of the rails
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Plant : Batangas Unit No. 1

(4/4)

No. _Problem .~ Basic Countermeasure Prty| Reh [ OH
B
21 | Stacker and Reclaimer . Installation of coal dust water spray e}
Water Spray 1991
22 | Unloader Water Spray . ITnstallation of coal dust water spray o
1991
Electrical Equipment
El | Electrostatic . Overhaul/repair of EP o
Precipitatoxr (EP) ' 1992
- Erosion/corrosion of
yarts
2 ! Scotblower Control system .Repair of PLC {Programmable Logic o
- PLC breakdown Controller)
3 | Communjcation Facilities .Additional installation and o
: improvement of communication
facilities
L. - ]
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Table 6-1-12 (1)

SUMMARY OF THERMAL POWER PLANT FACILITIES

S - BOTLER ] . TURBINE _GENERATOR _
POWER | PLANT |UNIT EVAPORA- | STEAM STEAM MANUFAC~ RATED STEAM STEAM VACUUM | SPEED | MANUFAC— | RATED VOI- | FREQU~ | MANUFAC- | COMMISS~
PLANT | OUTPUT | No. | TYPE |TION PRESSURE | TEMPERA-|FUEL| TURER .| TYPE |OUTPUT |PRESSURE|TEMPERA- TURER CAPACITY|TAGE |ENCY |TURER IONING

kw t/h kg/em2 |[TURE °C kw kg/om2 ITURE °C| mmHyg rpm kva kv Hz N
MITSU- | TANDEM- MITSU-
NATURAL BISHI |COMPOUND BISHI MITSU- MAY
1 |CIRCULA- 240.0 133,0f 541/541 | .0 | HEAVY | REHEAT 75,000 127.0| 538/538 | 700.0[3,600| HEAVY 93,750 (13.8 60| BISHI 1972
_ TION _ INDUSTRY| CONDEN INDUSTRY ELECTRIC
BATAAN |225,000 _ | _sinG _
- FUJI FuJI FEB
2 DO 490.0|  147.0; 541/541 | H.O DO hle) 150,000 140.0; 538/538 | 704.8|3,600|ELECTRIC{ 187,500(13.8 60 | ELECTRIC| 1977
NATURAL : BABCOCK- f ' SEP
1 |CIRCULA- 326.6 134.1| 541/541 | H.O | HITACHI DO 100,000 126.8( 538/538 | 709.2|3,600| HITACHI | 128,000/13.8 60| HITACHI | 1965
TION : :
MANILA |200,000
: ocT
2 el 326.6 134.1| 541/541 | B.O DO PO 100,000 126.8| 538/538 | 709.2]|3,600 DO 128,000(13.8 60 Do 1966
‘NATURAL BABCOCK- ' 1 _ JUL
1 |CIRCULA-| ~ 483.1 153.3| 541/541 | H.0 | HITACHI Do 150,000 126.8| 538/538 | 709.2|3,600 GE 188,000[18.0 60 GE 1968
TION -
ONCE- ' oct
2 | THROUGH 760.0 194.8| 541/541 | H.0 DO DO 200,000 190.2| 538/538 |. 709.2|3,600| SIEMENS | 245,00014.4 60| SIEMENS | 1970
BENSON - ‘ :
SUCAT |850,000 :
_ _ APR
3 DO 760.0 194.8| 541/541 | H.O DO DO 200,000 - 190.2| 538/538 | 709.2|3,600{. DO 245,000!14.4 60 Do 1971
- . - : _ JUN
4 Do 1,031.6 194.8| 541/541 | H.O DO Do 300,000 189.8| 538/538 | 709.23,600 DO 370,000(21.0 60 DO 1972
ONCE~ . |BABCOCK- . _ DEC
1 | THROUGH | 1,033.7 194.8| 541/541 | H,0 | HITACHI DO 300,000 189.8| 538/538 | 709.2(3,600| SIEMENS | 370,000{21.0 60| SIEMENS | 1974
BENSON |
MAYAYA |650,000
NATURAL : _ : . : _ MAR
2 |CIRCULA~| 1,305.4 204.6| 541/541 | H.0 DO DO 350,000 168.7| 538/538 | 700.3|3,600| HITACHI | 438,000(21.0 60| HITACHI | 1979
TION : -
NATURAL | P.C | FOSTER | o - ' | Nov
BATANGAS|300,000| 1 |CIRCULA-| 1,033.2 200.4| 541/541 | H.O | WHEELER DO 300,000 169.0} 538/538 | 696.5]3,600| TOSHIBA | 355,000(22.0 60| TOSHIBA | 1584
TION '
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Table 6-1-12 (2) |
SUMMARY OF GASTURBINE POWER PLANT FACILITIES

GASTURBINE : ] GENERATOR
POWER | PLANT |UNIT RATED TURBINE |TURBINE |SPEED| FUEL {MANUFAC-|RATED VOL~ | FREQU~ | SPEED | MANUFAC- { COMMISS~
PLANT | OUTPUT |No. TYPE |QUTPUT | INLET INLET TURER CAPACITY | TAGE | ENCY TURER IONTING
: PRESSURE | TEMPERA~
kW - " kW ata TURE C| rpm kVA kv Hz rpm B
1 OPEN 30,000 9,41 360[5,100|DISTI-| ALSTHOM 38,600|13.8 60|3,600! ALSTHOM NOV
CYCLE LLATE 1989
2 - DO 30,000 9.64 360(5,100| DO DO 38,600[13.8 60(3,600 DO NOV
BATAAN 120,000 1989
3. DO 30,000 9.92 360(5,100| Do Do 38,600{13.8 60(3,600 DO NOV
' 1989
4 DO 30,000 9.41 360|5,100! DO DO 38,600{13.8 60(3,600 150) NOV
' 1989
1 OPEN 30,000 9.70 35615, 100 |DISTI-| HITACHT 38,740113.8 60{3,600] HITACHI AUG
CYCLE LLATE 1989
MALAYA 90,000 2 DO 30,000 9.70 356|5,100| DO DO 38,740{13.8 603,600 Do AUG
' ' 1989
3 DO 30,000 9.70 356(5,100 Do DO 38,740(13.8 60{3,600 DO AUG
1989
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6.1.2 Planning of 5-year Rehabilitation Project for Thermal Power Plant Units
(Master Plan) '

1. Rehabilitation in Progress

NAPOCOR is now carrying out the rehabilitation of Sucat No. 2 and
No. 3 units. . The rehabilitation items are outlined in Table 6-1-8
and the execution period is scheduled as follows (Refer to the Fig.
6-1-5 Work Schedule):

Sucat No. 2 (May 1993 - April 1994)
Sucat No. 3 (July 1992 - May 1993}
For the following power plant units, the rehabilitation was
completed:
Power plant unit Rehabilitation period
Malaya No. 1 Nov. 7, 1986 - Oct. 19, 1987
Malaya No. 2 _ July 7, 1986 - Jan. 29, 1987
Sucat WNo. 1 - July 16, 1989 - Jan. 26, 1990
Sucat No. 4 ' Oct. 1, 1989 - Dec. 3, 1990

2. Criteria for Selection of Rehabiiitation Ttems

Rehabilitation'items ﬁili be selected from the problems listed in

Tables 6-1-5 - 6-1-11.
The selection criteria are as follows:

{1) Renovation of the equipment for which the service life will

expire within next few years

in thié case, it is desirable to examine the :emainihg service
Life (sérvibe life is roughly .30 years according to past
records) of the main equipment, such as boiler pressure parts,
turbine generator proper, main transformer, and to match the
life of rehabilitated éequipment to the remaining 1ife of the

main equipment.
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(2)

(3)

(4)

(5)

Advance renewal of theé equipment which, in the event of
breakdown or stoppage, would'créate major problems, incur

large expenses, and require extended time in restoration.

Improvements requived for pollution prevention and

environmental improvement.
Advance reénewal of old facilities, vital for safe operationm,
for which acquisition of épare'parts is already difficult or

will become difficult in the future.

Renewal or supply of the parts which, if maintenance .is

postponed, would entail large costs and extended outage time

in the future.

Effect or Purpose of Rghaﬁilitation

Rehabilitation of the items selected pursuant to this criteria will

certainly contribute to the solution of the aforementioned

problems, and, conSéquently, the following&éffects will be

realized:

(1)
(2)

(3)

(4)

(3)

Restoration of full power plant output,

Restoration or improvement of thermal efficiency,

Extension of service life or confirmation of remaining service

life,
Restoration or improvement of operational reliability,

Improvement of environmental safeguards (prevention of

pollution, environmental protection), etc.
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4,

Selection of Rehabilitation Items

fable 6-1-5 - Table 6-1-11 show the results of selection {proposal)
of the rehabilitation items, being divided into tasks to be
performed during the rehabilitation project and those to be done
during ordinary overhaul, The final selection of the
rehabilitation items will be made in consideration of the

rehabilitation costs, also.
Problems With‘Batangas Power Plant No. 1 Unit and Countermeasures
(1) Pending Problems

There are 3 rehabilitation items with this unit as iisted in
Table 6-1-11. As all the items afe the pending problems with
the coal reclaiming and handling facilities, these 3 items are
not . taken up in the present rehabilitation_program. Two of
these are the probiéms pending with the improvement works
already finished, and the remaining one is the countermeasure
againét flying dust at ﬁhe cqal-stodky&rd, and it is advisable
that this work be carried out.in the construction works of No.

2 Unit in the future.
{2) Measure for Recovery of Rated Output

“The output of the Unit is down from the rated 300 MW to 260 MW
{as of Névember 1991) for reasons describéd in Table 6-1-4,
Espediaily,-if_the wesk boiler tubes are caused by erosion and
such causes.duefto.the'low quality of coal, there wnul& be no
other meané of_c0ping with this probiems than to tackle these
in the periqdiﬁal overhauls. It is considered that the other
prqblems also can be solved by periodical overhauls, for the

time being.
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(3) TFundamental Countermeasure

a. It seems that the power plant is suffering from frequent
troubles even after the improvement works of the coal-
related facilities, because of the increased use
{blending ratio) of the domestic coal (Run of Mine) of
extremely poor quality. ‘The power plaﬁt is seized with
the dilemma between the national policy-fof increased
consumption of domestic coal (Ruﬁ of Mine) and wvarious
problems and increased volume of maintenance works due to

the poor quality of the coal.

b. Many problems arising with the boiler facilities and the
environmental measures can be said to be due to the
problems of the domestic coal. As the fundamental
countermeasure,'iEIWOuld be important to have the quality
of domestic coal improved ahd to s&ppress the use of
doméstic coal (blending ratio with imported coal) below a
reasonable level. The proposal submitted by JICA in 1988

was the guideline to this purpdse.
Work Schedule in 5-.year Master Plan
The work schedule in the S5-year master plan is provided in

Fig. 6-1-5, which is based on the consideration of the priority of

rehabilitation items discussed in 6.1.3.
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Fig B6—-1—5 Schedule for Master Plan on 5—-Year Rehabilitation
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6.1.3 Order of Priority for Rehabilitation

1.

Method of Priority Evaluation for Power Plants and Units

The order of priority will be examined in the following procedure:

1st stage

Summarized present conditions
of each power plant
" .Decreased output
.Increased heat rate
.Total operating hours
.Maintenance outage hours
per .year

Planning of priority
for power plant units

Rehabilitation projects
.Already executed
-~ low priority

. .Already contracted
-- high priority

‘Unit capacity (Size)

.Smaller capacity
-~ low priority
_.lLarger capacity
~- high priority

2nd. stage

Rehabilitation cost and

effects h
.Rehabilitation cost
estimate

.Macroscopic comparison of

the expected effects of
. rehabilitation

- 3rd stage

Adjustment with other related
factors-

plans} -
Maintenance plans

.Development/operation ﬁlan

for transmission lines:
.Others ' -

.Power development program
{including power generation

Yy
Ay

b
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2. Result of Evaluation Priority
(1) Result of 1st Stage Evaluation..
Given below is the result of the 1st.Stsge evaluation, which

shows the same order of priority as Fig. 6-1-4 Summary of

Present Status of Thermal Power Plant Units.

Order Power plant . unit Output_ Remarks
1. Sucat No. 3 200 MW Rehabilitation project
- . —}.in pProgress
2. Sucat - No. 2 200 MW
3. Manila No. 1- 100 MW - Based on the 30-year
S _ } service life,
g, Manila No. 2 100 MW rehabilitation should
- 'be completed by
April 1996
5. Bataan No. 1 75 MW Tdtal'operéting hours:
120,772 Hr..
6. Bataan No. 2 150 MW 91,303 Hr.
7. % HMslaya No. 1 300 MW . 96,954 Hr.
8. * Malaya No. 2 350 MW 83,405 Hr.
9. * Sucat HNo. 1 150 MW 149,739 Hr.
10.  * Sucat No. 4 300 MW 96,634 Hr.

Note: * marked units have alr:éady been rehabilitated. For
these units, it is suggested that the existing
problems be corrected systematically during the

pericdic overhaul work.
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(2)

Result of 2nd Stage Evaluation

a. Rehabilitatipn Cost Estimate
The estimated rehabilitation costs for Manila No. 1 & No.
2 Units and Bataan No. 1 & No. 2 Units are shown below.
For Sucat No. 2 & No. 3 Units, rounded figures are given
based on the amounts in the already executed
rehabilitation contract.
Power plant unit Rehabilitation cost
(including consultant fees)
Manila No. 1 1 'Us$110,000 x 103
Manila No. 2
Bataan No. 1  US$ 37,500 x 10°
Batsan No. 2 US$ 79,500 x 103
Sucat No. 2 US$ 74,468 x 10 (¥10,500 x 10%)
(exch, rate ¥141/US83%1)
Sucat No. 3 l USS 92,624 x 103 (¥13,060 x 106)
' (exch., rate ¥141/US$1)
[Reference]

Rehabilitation costs of the already implemented projects

{(rough figures) (including consultant fees)

Power plant unit Rehabilitation cost

- {including consultant fees)

Malaya No. 1 US$ 36,525 x 103 (¥ 9,131 x 10%)
‘ . (exch. rate ¥250{US$1)

Malaya No. 2~ US$ 12,647 x 107 (¥ 3,162 x 10%)
‘ (exch. rate ¥250/U851)

Sucat No. 1 US$ 46,747 x 103 (¥ 6,077 x 109
: : (exch rate ¥130/U851)

‘Sucat’ No. & US$ 83, 693 x 102 (¥10,880 x 10%)
o (exch. rate ¥130/US§1)
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(a)

Method of Rehabilitation Cost Estimation

The rehabilitation cost per kWh for Manila No. 1 & No. 2

Units and Bataan No. 1 & No. 2 Units is roughly estimated

in Fig. 6-1-6, which is prepared in the following manner:

(1)

Divide the rehabilitation costs (including
consultant fees) for the Sucat'No‘ 1 & No. 4 Units
by the projected annual average power generation in
the three post~rehabilitation years {(with 70Z and
60% capacity factor) and, at thus obtained value
(US$IkWhj. draw a line pérallel to the axis of
absciésa . Also, divide the rehabilitation costs by
output (MW), and, at thus obtained value {(USS M) ,

draw a line parallel tc the axis of ordinates. Then’

'plot and . mark at the point of intersection.

(ii)

(iii)

In the same manner, plot the values for Sucat No.
2. & 3 Units 2nd Malaya No. 1 & No. 2 Units in the
gfabh.

These points plotted in the graph are generally in a

straight diagdnal line.

. The rehabilitation of Sucat No. 1 & No. 4 Units

were made simultaneously.

.~ Since there is an interval of 3 }éars'between
the rehabilitation of Sucat No. 1 & No. & Units
éhd tﬁat of No. 2 & No. 3 Units, the rehabilita-
tion coéts for the latter two units are higher

than those for the former two units.

. .The rehabilitation costs per kWh for Malaya No.
1 & No. 2 Units are felatively low as these
units were rehabilitated three years before

Sucat No. 1 & Nd. 4 Units.

6 -~ 61



(b)

(c)

The differences in rehabilitation costs between
units rehabilitated at the same time are due to

the differences in the project scopes.

Rehabilitation Cost Estimate for Manila No. 1 & No. 2

Units

Rehabilitation of these two units will commence 2 - 3
years after Sucat No. 3 Unit, and consegquently, the
rehabilitation cost will fall on the extension of the
line in Fig, 6-1-6. 1If the cost per kwh is assumed to be
Us80.9 x lolekWh, the cost pef MW would be USS550/MW,
and the total rehabilitstion cost for the 2 Units would

" amount to US$110,000 x 10°.

Because they are approaching 30.years of use, Manila No.
1 & No. 2 Units rehabilitation must include ma jor
replacements of main equipment, which will raise the

rehabilitation cost per kWh.

For an estimate for these two units, the results of the

‘feasibility study (projected construction costs) were

referred to as well.

Rehabilitation Cost Estimates for Bataan Noe, 1 & No. 2

Units
The commencement of the rehabilitation of Bataan No. 1
Unit and No. 2 Unit is expected to be 4 years and 5 years

respectively after Sucat No. 3 Unit..

Assuming that the séope of the work will be similar to

,.the‘rehabilitatibn of Sucat No. 2 and Ne. 3 Units, and

with adjustment.mgde_for the differences in the unit

capacities, the costs were tentatively calculated in the

- following..
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No. 1 Unlt (75 MW):

Cost /MW adjustment : 1 US$460 x 103 /MW

75 - 3
- Z Uss220 107 My
X (200) $ X {
Cost/kWh adjustment : *2 0.36 x 10—2 % (200)314

75
= 0.75 x 1072 US$/kwh

0.75 x 10 “2 x (1 + 0.03)%

Rehabilitation

projected cost Z 0.84 x 1072 US§/kWh
escalation for

future i

Cost /MW . US$500 x 103 /MW

Grand total of : US$500 x 103/MW x 75 MW

rehabilitation costs = US$37,500 x 10°

No. 2 Unit (150 MW):

Cost /MW adjustment : US$460. x 03 /MW

150 Lo . 3
x (28 > US$37L x 107 /MW
(G50 T UssaT /

_Cost/kWh adjustment :*3'0’52'x 10-2 & (200)314
' . : 150
= 0.77 x 1072 Us$/kih

Rehabilitation : 0.77 x 1072 x (1 + 0.03)°
projected cost = 0.89 x 10~% US$/kwh
egcalation for

future ' :

Cost /MW : US$530 x 107 /MW

Grand total of : US$530 x IOSIMW.§ 150 MW

rehabilitation costs = US$79,500 x 10°

Note) _ _
*1: US3460 x 103IMW is taken from the unit cost/MW
of Sucat Unit No. 3 Rehaﬁilitatioﬁ .
*2: 0.36 means cost/kWh against US$§220 x 103 Jvw.
¥3: 0.62 means cost/kWh against US§371 'x 103[MW._
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Rehabilitation Cost per XWH for 10 Year-Operation (US$/KWH) x 1072

1.5

Fig., 6-1-6 Rehabilitation Cost Estimation

Rehabilitation Cost per MW (US$ x 103'/Mw)

(Note) M-1, 2 . .: Malaya No. 1 & Ne. 2 Unit
- s-1, 2,3 & 4: Sucat No. 1 - No. 4 Unit
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b.  Macroscopic Comparison of Rehabilitation Effects

(a) Method of Macroscopic Comparison of Rehabilitation

Effects

- As a result of rehabilitation, the plant
efficiency will be restored. Such restoration

is illustrated in Fig. 6-1-7.

By calculation of the balance between the
estimated fuel savings obtained through the
réstored plant efficiency and the rehabilitation
cost per kWh, a nmcroscoplc comparison of the
rehabilitation effects was attempted and the

results are given in Table 6-1-13.

. The macroscoplc comparison of the rehabilitation
effects revealed the following order of effects

in a descending scale.

Results of

Calculation of

rehabilitation
effects = Priority in the 1st Stage
Sucat No. 3 Sucat - ﬁo. 3
Sucat NHo. 2 Sucat No. 2
Bataan No, 1 Manila No. 1
Manila No. 1 Mahila No. 2
Manila No. 2. Bataan No. 1

2 2

Bataan_Nb. Bataan No.

c. Result of the 2nd Stage Evaluation
Comprehen91vely conSLderlng the 1st stage result and ‘the
above result, it was decided that the priority order

'glven in the 1st stage evaluation should be malntalned-

for the following reasons:
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(a)

(b}

Bataan No. 1 and No. 2 Units should be rehabilitated
consecutively to optimize mobilization of personnel
and equipment and dispatching foreign technicians

and consultants.

Unless Manila No. 1 & No. 2 Units are rehabilitated
immediately after the completion of Sucat No., 2 Unit
rehabilitation, the running years of these two

units will exceed 30 years.
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Flant Efficiency (%), H.H.V. Basis

Fig. 6~1-7 Recovery of Efficiency by Rehabilitation ox overhaul
(June 1991)
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®
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37' exg-Sucat _ABatangas-1
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Table 6-1-13

Calculation of impfovement in Fuel Cost

p

d= 15pxIh

* : Based on Acceptance Test after Rehabilitation

US$23/BL. ¥18.87/ g
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' et s s Fuel con~ ;_8bU Tmprovement 1In Saving in f 7 . .
hated Plant Efficiency pp Sg}ﬁglgécfml sumption d (§ /kWh) Fuel consuuwp- Fuel Cost Rehgghagcl}itgt12nsgifrelct?n Fuel
Power Unit [ BeTore | After | After (H.H.V.) Before | After | Alter tion e . f : Cost . £ 2 g (/1) Order
Plant No. (g{q) O/H | O/H | Rehab. Y O/H | O/H |Rehab, (g /Kk¥h) (¥/KWh) : '
a b c Hh a’ b G (blor c') ~a' ex Fuel Unit + 0 : Good
(%) G | % (Kcal/g ) © Price(¥18.87/4) - & Very good
3 - I b' —a' ~0.022 0.415 1.08 ~ 0.415 =0.645
Bataan 1| 75{ 30.7 | 33.4 | 34.5 10,190 0.275 | 0.253 | 0. ol ~0.0304 0,574 {06 - 0.574 = 0.486 3
i | 0 23 b' —a' -0.011 0.208 1.12-0.208 =0.912
Bataan 21 150 33.9 | 35.5 | 36.0 10,190 0.249 | 0.238 | 0.2344 g 0 0145 0 276 1.12-0.276 =0.544 6
o : - - - b'—a' -0.01 0.189 1.17-0.189 =0.981 -
Manila 1! 100| 33.5 | 34.9 | 36.6 10,190 0.252 | 0.242|0.2306 o ~0.0214 0.404 {17 -0.404 =0.766 4
_ R b'—a' -0.009 - 0.170 1.17~0.170 =1.00
Manila 2| 10| 33.5 34.8 | 36.6 10,190 10.252 | 0.243 | 0.2306 o g -0.0214 0. 404 L 170404 =0.766 5
Sucat 1] 150 | 34.1 | 34.9 |*37.1 10,190 0.247 | 0.242| — b ~a' -0.005 0.094 0.66 -0.094 =0.566
| | b'—a' -0.0136 0.257 0.85-0.257 =0.593
Sucat 2| 200| 30.4 | 32.0 | 36.9 10,190 0.2776/ 0.264 | 0.229 o g ~0.0486 0.917 ' 0.85-0.917 = -0.067 ° 2
| - - - b _a’ -0.049 0.925 1.06-0.925 =0.135
Sucat 3| 200] 24.9 | 29.1 | 36.9 10,190 . | 0.339| 0.290|0.229 o g 011 5 075 L 06 2.075 - —1.015 1
Sucat 4| 300 33.0 | 33.8 |*37.2 10.190 0.2557] 0.260 | — b’ —a’ ~0.0057 0.107 0.59 - 0.107 =0.483
Malaya 1! 300} 31.3 | 32.5 |*35.9 10,190 0.2696 0.260 | -~ b' —a’ ~-0.0096 0.181 0.5 -0.181 =0.319
Malaya 2| 350 | 35.9 | 36.6 |*37.4 10,190 0.235 | 0.2306 — b’ —a' ~0.0044 0.083 0.15-0.083 =0.067
Batangas 1| 300| 35.9 | 37.0 — 10,190 0.235 | 0.228 | — b a' ~0.007 0.132
Note : Plant Efficiency Refer to Table 6-1-3 Fuel Unit Price




Table 6-1-14

Rehabilitation Cost per kWH

1y . ; ‘s Henabilitation Lost
Power Unit Rated Rehabilitation Period. Total Rehab. Cost A | Annual Ave. Energy B | Capacity Facto? D=Total Rehab. Cost A/(Bx 108 ) x10Yoars
Plant No Cap. (Actual _ - YR Rate S Generatlon B /Rated capacity )
) (MH) months/contract Months) ¥ x106 Us$ ><'103 (GWH/Year) (><8760><100(%) D, (US$/kWH) x10-2 D, (¥/kWH)
(74.3%) 1988...1,884 1.853
Malaya 1 300 | NOV. 7,1986 ~.OCT. 19,1987 ¥.8, 913 (¥.9,131x 106/250)| 1989...1,568 1,853 ?'_G,ng_mo =70 0.2 0.5 (¥250/US$1)
(11.3 /6.5 months) *] ¥.218 = =US$. 36,525 1990...2,106 T 60 0.23
C (25.7%) . 1987...2,029
Malava 2 350 | JUL. 7,1986 ~.JAN. 29,1987 ¥.3,087 (¥.3,162x105/250)| 1988...2,122 2,139 .
(6.5 7.0 nonths) | *1 §.75 > | =Uss.12,647  |1989..2,209 [ 2139 | gppx 100 =70 0.08 0-15
60 0.07 -
: 1990...2, 197
o _ (35.8%) ) o 1991... 920 316 _
Sucat 1 150 | JUL. 16,1989~.JAN. 26,1990 ¥.5,962 (%.6,077x106/130)| 1992... 935 1—,31&)(100 =70 0.51 0.66 (¥130/US$1)
(6.3/5.5 months) ®] ¥.115 > =US$. 46,747 1993... 894 ! 60 0.60 0.77
' _ (64.2%) ) o 1991...2,078 9 049 60 0.525 0.68(¥130/US$1)
Sucat 4 300 | OCT. 1,1989--DEC. 3,1990 ¥.10,674 (¥.10,880%106/130)| 1992...2,003 2,049 fmxlﬂo =78 0.41 0.53
: (14.1/8.0 months) *1 ¥.206 > =U8$.83,693 1993...2,066 ! : 70 0.45 0.59
_ ' _ _ 1987~.1990... 772 {44%)| ; 590
Sucat 2 200 | MAY 1993 ~ APR. 1994 ¥.10,500 US$74,468 (4 Years) T3 X100 =170 0.6 0.85(¥141/US$1)
—~,710.5 months) 1994~ ...1,226 (70%) ! 60 0.7 .99
| 1986~1990... 679 (39%) , 406
Sucat 3 200 | JUL.1992 ~ MAY. 1993 ¥.13,060 US$92,624 (5 Years) : mxloo =70 0.75 1.06
: (—H/IO 5 months) 1993~ .-.1,226 (70%) ! 60 G.87 1.23
| ; 460 460 '
Bataan 1 75 US$3T, 500 HSTXlGD =T0 0.815 1.06 (¥130/US$1)
- 394 SRX100 =60 0.95 1.24
Refer to Fig. 6-1-5
(6 months)
_ 920 920 .
Bataan | 2 | 150 US$79,500 T31g X100 =70 0.86 112
788 20X 100 =60 1.01 1.31
Manila | 1 | 100 Total 613 X100 =70 0.9 1.17 ($130/US$1)
o US$110,000 o
Refer to Fig. 6-1-5 for 2 units
(10 months) Us$ 55,000 _ 5IE '
Manila 2 100 for 1 umit 525 75 ¥ 100 =60 1.05 1.36
Note : *1 Consulant Fee was calculated by the proportlonal rate to the tortal rehabilitation cost after

the example of Rehabllltatmn works for Malaya P.P.

Malaya (T_otal)

¥293, 033. x103
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