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Table 8-1 =3 ¥RBFEEIR

Mataya Reltability Improverment Project
Subject MTTP Operating Conditions CY 1589 fo 1993
File Name _con/Sheelt
Date 2111194
Rev. 180195

Table 3-1 Maiaya TPP Operating Record

No. 1 Unit Up to Aug. 1954
Code Desctiption Unit 1989 1990 1991 1992 1993 1994 f:’:;g" P
A (Rated Output MW 300 300 300 300 300 300 300
B [Average Load MW 250 268 243 209 1717 84 29
C  |Total Power Production GWh 156767 210600 158100 - 124500 1,159.04 329,94 1,531.74
D |Service Hours Hr 626534 706342 652129 594917 655354 396046 6,630,585
E [Outage Hours - HF 249466 89658 223871 283483 220646 189554 2,134.25
a. Planned outage Hr 0.00 212,78 837.73 121697 0.00 0.00 453 .49
b. Forced outage (within) Hr 242933 68383 140098 161786 220646 189554| 1,667.69
¢. Forced outage {outside) Hir 65.33 0.00 £.00 0.00 0.00 0.00 1307
d. Maint, outage Hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F |Aux, Power Ratio % .00 3.00 3.19 3.62 3.26 nia 3.21
G |UHikization factor % 7152 89.77 74.44 67.91 74.81 6763 75.69
H [Capacity factor % 5365 80.14 80.16 47.37 44,10 18.78 58.29
| |Heat Rate BTUANWH 10,431 10,883 10,934 11,494 11578 16,787 11,063.40
J  |Frequency of Starl/Shutdown C22 19 15 19 16 : 8 182
¥ {Fuel Consumption Ml Ht 409.08 573.37 432,45 357.99 335.62 138.56 421.70
a. Bunker-C LivkWh 0.2609 0.2723 02735 0.2875 0.2396 0.4200 0.2768
b. Light Oil Litkwh  |N/A NA N/A NA N/A N/A
No. 2 Unit
Code Description Unit 1989 1990 1991 1992 1993 1994 Average
A |Rated Output MW 350 350 350 350 350 350 3s0
B |Average Lond MW 280 202 287 222 131 2" 242
C  |Total Power Production GWh 220931 219769 1897.06 182887 440.50 70148 1,714.M
D |Service Hours Hr 788375 753316 660413 822964 336098 261230 6,722.33
E [|Outage Hours Hr - 81825 122684 2,155.87 $54.36 539902 324370 2,042 47
&, Planned outage Hr 750.97 694.21 1,658.20 000 452442 211318 1,525.56
b. Forced outage {within) Hr 113.85 532.63 497.67 554 .36 87460 1,130.52 514,62
¢. Forced cutage (outside) Hr 11.43 0.00 0.00 0.00 0.00 0.00 2.29
d. Maint. outage Hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F  |Aux. Power Ratio % 250 2.50 2.70 3.45 7.63 nfa 2.78
G [Utikization factor % 90.00 285909 75.39 93.95 38.37 44.61 76.74
H |Capacity factor % 1206 71.68 61.87 59.62 14.37 34.23 55.93
| |Heat Rate BTU/KWh 8,909 10,021 9,948 10,554 11,321 16,787 10,350.00
J  |Frequency of Start/Shuldown 7 10 7 8 ] 9 82
K [Fuel Consumplion ML it 547.67 550,94 471.97 482,89 124,76 28459 435.65
a, Bunker-C LivkWh 0.2479 0.26507 0.2488 0.264 0.2832 0.4200 0.25802
b. Light Qil LitkWh [N/A N/A NA NA MNIA NIA
No. 1 & 2 Units
Code Description Unit 1989 1990 1991 1992 1993 Average
A |Rated Qutput MW 650 650 650 650 650 650 650
B |Average Load - MW 530 560 530 431 308 355 472
C  |Total Power Praduction GWh 3,777 4,304 3478 3,074 1,600 1,031 3,246
D {Service Hours Hr 14,149.09 1530658 1312542 14,178.81 991452 6572.76| 1335288
E |Oulage Hours Hr 337091 212342 439458 338019 760548 513924 4176.72
a. Planned outage Hr 750.97 908,96 2,49593 121697 452442 211318 1.979.05
b. Forced outege (within) Hr 254318 121646 189865 2,17222 308108 302608 2,182
¢. Forced outage (outsiie) Hr 76.76 0.00 0.06 0.00 0.00 0.00 15,35
d, Mainl, outage Hr 0.00 0.00 2.0 0.00 0.00 0.00 0.00
F  [Aux. Powes Ratio % - - - - - -
G [Uilization factor % B0.76 87.88 74.92 80.11 56.59 66,12 7847
H [Capacity factor % $6.33 75.58 51.08 53.84 28.09 27.10 56.99
| |HeatRate BTU/kWh - - - - - - -
J  |Frequency of Start/Shutdown 29 29 22 27 25 18 264
K |Fuel Consumption MRl lit 956,75 1124.21 904.42 840.88 460.38 433.15 857.35
a. Bunker-C LikWh - - - - - - -
b, Light Ol Litkwh - - - - - - -
Source.  Malaya Thermat Power Plant
. GENERATING COST
Totat Operating Cost Thou P. 2064.52 3895.26 43859 207424 176445 3016.89
Capital Expenditure Thou P. 53.58 296 6.34 403 2.34 13.85
Todal Cost Thou P, 21181 388822 439224 297837 1766.79 3,030.74
Generating Cost Peso/kWh | 0.54661 05051 126102  D0.96759 1.1031 0.9567




Table 3-2 3 v RBHFH AL X |¥

Subject MTTP Operating Conditions CY 1889 fo 1963
Fils Name _con Sheet? ’
Dale 1172194

Rev. 111885

Table 52 Malaya TPP Operating Cost

No. 14 2 Units
Description 1909 1990 1981 1992 1993 h" “"1993"" Y raTO
OPERATING EXPENSES -
-ADMINISTRATIVE & GENERAL EXPENSES 804 51137 56,184 67,630 63,008 59,197 2.00%
. MAN POWER RERATED . 25960 35930 40971 48026 409 40,061
O & M GENERAL PLANT EQT - 1479 152 1,546 1,687 1,248
OTHERS _ 12,085 13,728 23,684 18,058 21912 17,887
OPERATION AND MAINTENANCE . 3553 31944 108382 45,440 63,175 56,907 1.90%
OPERATION . _ 24914 26,601 96,003 ars27 43,342 45,677
MAINTENANCE 10678 . 5343 12,379 7913 19823 1228
TAX & INSURANCE ' 33,083 14611 35,727 56,558 42,939 36,578 1.20%
TAXES & DUTIES 4,966 9,460 5128 17,6893 o 7,491
INSURANCE 28,087 5.142 20,802 12,874 16,104 18,580
FRANCHISE TAX . . R 25725 26,141 10373
 REALITY TAX - . . 266 400 133
FUEL & ADDITIVES 1725094 3378836 3647726 2088050 805,998 2,321,341 76.60%
DEPRECIATION : 212761 - 483550  S2TB7B - TIGS60 788,326 542,835 17.90%
TOTAL OPERATING EXPENSES 2064524 3895078 4385897 2674338 1764446 3016857 90.50%
GENERAL PLANT EQUIPMENT : . 1501 1037 1965 - 1548 . 1248
CONSTRUCTION WORK IN PROGRESS 53,499 1,961 5,300 2,063 1,992 12,683
TOTAL CAPITAL EXPENDITURE ' 53,580 2962 6,237 4,028 2,738 13529 050%
GRAND TOTAL 2118104, 3898040 432234 2978366 1,767,184 3030786 100.00%
POWER GENERATION (GWHh) 3ITT - 4304 3478 3074 1,600 3246
GROWTH
GENERATING COST (PAAWH) 0.5608 09058 1.2629 0.9689 11047 0.9608 18.47%
ADMINISTRATIVE & GENERAL EXP. 0.0127 0.0118 0018 0022 00334 00210 32.72%
OPERATION & MAINTENANCE 0.0094 0.0074 00312 0.0148 00395 0.0208 43.18%
TAX & INSURANCE 0.0088 00034 00103 0.0184 00268 00135 32.10%
FUEL - 0.4594 0.7735 1.0488 0.6793 D5045  0.6831 2.37%
DEPRECIATION 00563 01089 0.1518 02331 04328  0.2086 72.00%
CAPITAL EXPENDITURE 0.0142 0.0007 0.0018 0.0013 00017 00038  41.18%

Source: NPCAMMRC
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Ope_con

Project
Subject
File Name
Date

Table §-3 <35 RMEFRR

Malaya Reliability Improvement Project
Operation Data
Basic.xis/Ope_con
11/15/94
11695

Table 8-3 Malaya TPP Operating Conditions

- With Project Without Project
ITEM Unit No. 1 No. 2 No, 1 No.2
No. of Unit No. 1 1 1 1
Date of Commissioning Date Aug-1975  Apr-1979  Aug-1975  Apr-1979
Economic life mmyyyy 30 30 30 30
Retirement year mmiyyyy Aug-2005  Apr-2009  Aug-2005  Apr-2009
Years after 1994 11 15 11 15
OPERATING CONDITIONS
Unit Capacity MW 300 350 300 350
Dependable Capacity MW 300 350 300 350
Fuel Type Bunkes-C ~ Bunker-C ~ Bunker-C  Bunker-C
Plant efficiency % 33.27% 34.90% 29.69% 32.33%
Station use % 6% 6% 6% &%
- Capacity factor % 70% 70% 47 .50% 60%
Annuat Generation GWh 18306 2146.2 12483 1839.6
Salable Energy GWh 172022 2017.43 173.4 1729.22
Fuel Consumption M, it 488.30 543.08 371.30 502,50
REHABILITATION PROJECT
Total inv. Cost Ms 115.793 37.862 0 0
Rehab, start Mar-1998  Aug-1997 - -
Rehab. period months 7 3 - -
Life/Life after rehab. Years 7 12 7 12
WITH REHABILITATION .
: Efficiency decline lfannuim -0.08% -0.08% - -
WITHQUT REHABILITATION
Efficiency decline % - - -2.82% -0.68%
Capacity factor deciine % - - -2.82% -362%
UNIT COST
Administraiive Cost P a1
O&M: ‘ PV 88
Depreciation P/w 835
: Total 1014 Thousand Peso/kW
O & M Cost P/kwWh 0.0205 0.0205 0.0302 0.0239
Administration Cost* PikWh 0.0210 0.021¢ 0.0309 0.0245
Tax & Insurance P/kWh 0.0135 0.0135 0.0199 0.0158
Interest Cost* P/kwh 0.2125 0.2125 0.3132 0.2479
Subtotal PkiWh 0.2675 0.2675 0.3942 o321
Fuei Cost* : P/kWh 0.6864 0.658 0.8307 0.7262
Levelized Rehab. investment P/KWh 0.3569 0.0895 0 0
Unit generating cost PKWh 1.3108 1.0150 1.2249 1.0383

Note* :  Average for respective operating years

The current average power rate at 1.8505 F/kWh
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Sensitivity

Project
Subject
File Name
Date

Rev.

Table 8-5 FIBE, Fo sy b X biottd ZEIRREE

Malaya Reliability Improvement Project
Sensitivity
Basic.xis/sensitivity
11126194
116/95

Table 8 - § Sensitivity to Capacity Factor and Project Cost

To Capacity Factor
EIRR of M-1/M-2
Luzon
Capacity . Geo- Gas Non NPC
Facotr i‘“d Ol Based Coal thermal  Turbine  Average
T0%( 1232% 11.35% 13.856% 11.40% 3740% 33.06%
68%( 1064% 974%  12.05% 979% 3350% 2057%
65% 8.90% 809% 10.18% B.13% 2045%  2598%
83% 7.10% 6.37% 8.24% 6.41% - 2535% 22.28%
60% 523% 459% 6.23% 462% 21.09% 18.44%
58% 3.27% 2.72% 4.12% 275% 1665% 14.44%
55% 1.20% 0.76% 1.89% 079% 11.99% 10.23%
53% 098% -1.31% D47% -1.20% 7.04% 5.75%
50% -333% -353% -3.00% -3.52% 1.69% 0.89%
48%| -587% -593% -5.77% 583% 426% -452%
45%| B568% -658% -B.84% -8.58%
To Project Cost
EIRR of M-1M-2
. Luzon
Project . , Geo- Gas Non NPC
Cost Grid Olf Based Coal thermal  Turbine  Average
Average
140% 5.86% 501% 7.20% 5.05% 27.31%  2355%
135% 6.52% 5.65% 7.88% 570% 2832% 2459%
130% 7.21% 6.33% 8.59% 6238% 20.38% 2559%
125% 7.94% 7.05% 9.34% 7.090% 3051% 26.64%
120% 8M% 7.80% 10.13% 785% 31TM1%  27.76%
115% 8.53% 861% 10.97% 865% 3299% 28.96%
110%]| 10.40% 9.46% 11.87% 951% 34.36% 30.23%
106%| 11.33% 1037% 1283% 10.42% 3583% 3159%
100%| 1232%  11.35% 13.86%  11.40% 37.40% 33.06%
95%( 1339% 1240% 1496% 1245% 39.11%  34.65%
90%| 14.55% 13.53% 16.15% 13.58% 4096% 36.36%
85%| 15.80% 1475% 17.45% 1481% 4297% 38.24%
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Appendix 4-4 {1)

BOILER SAMPLE TUBE TEST REPORT

NATIONAL POWER CORPORATION
MALAYA THERMAL POWER PLANT
UNIT NO. 1 BOILER WATERWALL

JANUARY 1995

WEST JAPAN ENGINEERING CONSULTANTS, INC,
KYUDEN INDUSTRIES CO. INC.
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Appendix 4-4 (2)

Introduction

This is a report on the results of the evaluation of the deterioration of the waterwall tubes of
Malaya Unit No. 1.

Sample Tube

Waterwall tube: 900 mm (300 mm for deterioration tests, 600 mm for dissolution tests)

Test Items and Methods

(1) Appearance
Upon receipt, the sample tube was visually i'nspected, and checked for any deformations in
the tube shape and any scale discoloration. The appearances were photographed for recording
purposes.

(2) Dimension

Outer diameter and wall thickness of sample tube were measured to check for any decrease

in the wall thickness or for any deformation.

(3) Cross section microstructure
The microstructure in the circumferential section was examined on the fumace side and
furnace-wall side, and was checked for any structural change due to overheating, etc.
Photographs were taken for recording purposes.

(4) Hardness measurement

The hardness at the center of tube wall thickness in the circumferential section was measured

at 8 poinis.
(5) Thickness of interior surface scale

Thickness of the interior surface scale was measured on the furnace side and furnace-wall side
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in the circumferential section using an optical microscope, and photographs were taken for

recording purposes.
(6) Amount of interior surface scale buildup

Scale built up on the interior surface on the furnace side and furnace-wall side was removed
by acid cleaning and the amount of scale was found by measuring the weight difference

before and after scale removal.
(7) Composition analysis of interior surface scale

Composition of the interior surface scale was analyzed by chemical analysis and X-ray

diffraction.
(8) Dissolution test of interior surface scale

Dissolution test with hydrochloric acid (circulation method) was conducted. Schematic
dtagram of the scale dissolution test equipment is provided in Fig. 9. Acid solution
(hydrochloric acid) at 60°C was circulated through the 300 mimn long sample tube, and the

concentration of the eluted Fe ion was measured hourly until saturation was reached.

4. Test Results
(1) Appearance

Fig. 2 and Fig. 3 show the appecarance.

The T. P. No, | and No. 2 had, on their furmace side surface, roughly ¢.2 mm of dark-gray
hard scale with approx. 0.2 mm adhesion of whitish gray ash on top of the scale. Their
furnace-wall side surfaces had roughly 0.1 mm of dark-gray hard scale with a 0.2 ~ (.5 mm

adhesion of reddish brown powdery scale on the top.
(2) Dimensional check

Fig. 4 and Table 1 show the dimensional check results.
The outer diameter was 37.2 mm in all the four directions measured. The wall thickness was

5.0 ~ 5.3 mm and neither conspicuous uncvenness in the thickness nor swelling was noted.
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(3) Cross-section microstructure

The cross-section microstructure on the furnace side and furnacc-wall side are shown in Fig.
5 and Fig. 6 respectively.

Both the fumace and fumace-wall sides had ferrite-perlite structure with no indication of
structural changes causcd by overheating, cic. However, a decarburized layer was noted
roughly 0.10 mm deep from the interior surface on the furnace side and roughly 0.07 mm

from the furnace-wall side interior surface.
{4) Hardness test

The hardness test resulis are shown in Table 2. The hardness level was within the range of
Hv 133 ~ 141, with Hv 133 ~ 136 on the furnace side and Hv 137 ~ 141 on the furnace-wall side.

The values on the furace side were slightly lower.
(5) Thickness of interior surface scale

Fig. 7 shows the thickness measurement results of the interior surface scale.
The thickest part of the scale was 0.11 mm on the furnace side and 0.05 mm on the furnace-
wall side, with the mean thickness 0.095 mm on the fumace side and 0.038 mm on the

furnace-wall side. The scale was thicker on the furnace side than on the fumace-wall side.
(6) Measurement of the degree of interior surface scale

Table 3 shows the measurement results of the amount of interior surface scale.
The scale buildup was 70 mg/cm? on the furnace side and 49 mg/cm? on the furnace-wall side.

A larger amount of scale was noted on the furnace side than on the furnace-wall side,

(7) Composition analysis of interior surface scalc

Table 4 shows the results of chemical analysis.for the interior surface scale composition, and
Fig. 8 shows the results of component identification by X-ray diffraction.

The chemical cdmposi:lion of the interior surface scale was Fe 66.3%, Cu 0.02%, Ni 0.02%,
Al 1.38%, Zn 0.14%, Ca 0.08%, Mg 0.02%, Si 0.15%, and insoluble matter in acid 2.17%,

of which Fe was the principal component. The X-ray diffraction identified Fe,0,.
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(8) Interior surface scale dissolution tests

13 Study of concentration for test solution

2)

The amount of the interior surface scale measured this time was 70 mg/cm® on the furnace
side. If it is assumed to be mostly composed of Fe,0, , the Fe will be:

Fe = 70 (mg/cm?) x (1/1.38) = 50.7 (mg/cm?).
If the chemical cleaning solution ratio for the test is 2.5 m¥cm? the eluted Fe is
considered to be:

50.7 (mg/cm?) x 1000 x [1/2.5(m¥cm?)] = 20,280 (mg/f).
Since an Fe elution of 5,740 mg/? is possible with the 1% acid solution of conventionally
used hydrochloric acid of single component solution, solution specification of hydrochloric

acid concentration of

20,280 (mg/8) + 5,740 m—%/—ﬂ ) = 3.5(%)
would be applicable. By taking an allowance for residual acid concentration into account
50 as to secure 2.0 ~ 2.3% posi-test concentration, it was decided to change the solution
specification for [Test No.2| after the scale behavior checking with a test using 5%

hydrochloric acid concentration [Test No. 1].

Scale dissolution test results

Table 5 shows the test conditions and results, Fig, 10 shows the change in the eluted Fe
ion concentration with the passage of time, and Photo 1 shows the interior surface status

of the specimen after the respective tests.

a. Test No. 1

The test was carried out by using a solution of 5.0% concentration of hydrochloric
acid. After one hour from the start of the test, the eluted Fe ton concentration was
14,025 ppm. Thereafter the value gradually rose, and reached saturation point at
- 15,675 ppm in three hours from the start. Then the internal surface of the tube was

checked to confirm that the scale had been completely removed.
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b. Test No. 2

Since the scale was confirmed to have becn completely removed with use of the
solution of 5.0% hydrochloric acid concentration specification, another test was
conducted with the solution for which the hydrochloric acid concentration was
changed to 3.5%.

In an hour after starting the test, the cluted Fe 1on concentration was 11,556 ppm.
Thereafter the value gradually rose, and reached the saluration peint at 14,850 ppm
in three hours from the start. Then the internal surface of the tube was checked to

confirm that the scale had been completely removed.
5. Summary
(1) No discoloration or deformation was observed on the furnace side or the furnace-wall side.
(2) In the dimensional check, no uneven thickness or swelling was found.
(3) The structures were ferrite perlite with no indication of structural change caused by
overheating, etc. A decarburized layer roughly 0.1 mm deep was noted on the interior

surfaces of the tubes.

{(4) The hardness level was within the range of Hv 133 ~ 141, and the values on the furmace side

were slightly lower.

(5) The mean thickness of inierior surface scale was 0.095 mm on the furnace side and 0.038 mm
on the furnace-wall side. The amount of interior surface scale was 70 mg/em?® on the furmace
side and 49 mg/cm® on the furnace-wall side. In both measurcments, higher values were

indicated on the furnace side where the tube wall temperaturc is high.
(6) The results of the composition analysis for the interior surface scale showed that Fe was the
primary component, and other components (metallic components such as Cu, Ni, Al, and Zn,

and hardness components in boiler water such as Ca, Mg, and Si) were of mere trace quantity.

(7) In the result of the interior surface scale could be completely removed with a solution of 5%

and 3.5% hydrochloric acid concentration,
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A summary of the results is that the sample tube showed no discoloration due to overheating or
reduced tube wall thickness due to corrosion, and their structures were ferrite perlite with no

indication of structural changes due to overheating, ete.

On the interior surface of the tubes, a decarburized layer, assumed to have occurred during
manufacturing, was noted. The hardness value was slightly lower on the furnace side, which

seems to indicate a tendency towards softcning.

In the composition of the interior surface scale caused by overheating or corrosion of the tube
material, the amount of impure elements was minimal and the Fe,O, was dominant. Although
conspicuous deterioration was not found with the tube sample this time, we recommend that a
sample tube test be implemented syslematically to ascertain the status of the tube materials

changing with the passage of time and to use the results for water quality management.

Furthermore, since the scale amount is anticipated 1o increase, we recommend that dissolution tests

be conducted again when the boilers are chemically cleaned.
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Overall view
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TFumnace side

Furnace-wall side

No variation of thickness, swelling, etc. was found.
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Fig. 4 T.P. No. 1 Dimensional Check Results (mm)
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Table 1 T. P. No. | Dimensiona! Check Results {mm)

Check Items Measuring Measured

Directions Values
Outer Diameter | A 37.2

B 37.2

C 372

D 372
Wall Thickness | a 5.1

b 5.0

e 3.2

d 5.3

€ 53

f 53

g 33

h 5.0
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Table 2 Hardness Test Results (Hv)
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Interior Surface Scale Measurement {(mg/cm?)
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Table 4 Chemical Analysis Result of Scale Composition (%)

Scale Fe Cu Ni Al Zn Ca Mg Si | Unsolvable
composition ' clements
% 66.3 0.02 0.02 1.38 0.14 0.08 002 | 015 | 2.17
=
=

’/
.
%

Sampled location of specimen

180
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Table 5 Scale Dissolution Test Conditions and Results

Test No. 1 2
Specifications

Test conditions

Hydrochloric acid (%) 50 35
Ibit 28 (%) 0.3 0.3
Swellin S (%) 0.2 0.2
Processing temperature (°C) 60 60
Test solution ratio (m&cm?) 2.5 2.5
Circulating speed inside tube (m/s) 03~04 03~04
Fe ion elution (mg/f
After 1 hour 14,025 11,550
After 2 hours 15125 14,300
After 3 hours 15,675 14,850
After 4 hours 15,675 14,850
Residual acid content (%) 1.6 02
Sludge amount (mg/cm?) 0.56 1.56
Scale removal status | complete removal | complete removal
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Photo 1 Status of Internal Surface of Tubes after Dissolution Test
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Appendix 4-5 (1)
TECHNOLOGY FOR ASSESSMENT OF REMAINING LIFE
GENERAL DESCRIPTION
Objeciive
The objective of remaining life assessment will be considered as follows;
(1) To assurc the reliable operation of power plant
(27) To establish/enrich "preventive maintenance” system

(3) To determine critical equipment/componenis which shall be taken necessary measures
at the coming major periodic overhaul or rehabilitation.

(4) To prepare the suitable examination method of those components
(3) To assess actual conditions of equipment/components
(6) To find out ideas or methods of elongation of power plant's life span.
Assessment of Remaining Lifc
(1) Timing for Remaining Life Asgessment (R. L. A)
(a) Standard timing for R. L. A. in japan is;

Total operation hour reaches 100,000 hours or
Total number of start reaches 2,500

(b) Applicable Timing for R. L. A.

1t is recommendable for those power plants operating for a fong time without any
R. L. A, to implement inspection in the carliest chance, because the results of these
inspections will be essential to draw up the prescriptions for preventive
maintenance necessary for safe and reliable operation after rehabilitation.

The timing applicable for such power plants mentioned above will be only in the
time of plant overhaul.

(2) Facilities/componenis to be inspected for R. L. A.

In general, all major facilities of the plant should be inspected in view of detecting
aged deterioration, if not implemented any R. L. A. up to the date. However, from
technical and economic view points, it is practical and recommendable way to limit to
critical equipment such as boiler, turbine, generator, etc.

The critical parts of major equipment are considered as follows;

Boiler . Pressure parts such as drum, SH/RH tubes, water wall tubes
" and headers
Turbine - . HPIP casing and rotor, LP rotor and its fong blades, Major

Valves (MSV, CV, RSV, ICV)
Major Pipes . Main steam pipe, Relicat steam pipe
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Appendix 4-5 (2)
Generator . Stator/rotor coil and rotor shaft
(3) Facilities/components io be inspected by non-destructive inspection
Therc are some facilities/components that should be inspected by non-destructive
inspection to assure the reliable operation before R. L. A. This inspection will give
their present conditions of delerioration and be needed for R, 1. A,

Critical Equipment/components to be Examined

In this article, the critical equipment/components and their examination method are shown
as follows: (in Table 3)
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Table 3-1 Major Equipment and Components (For reference)
Unit A Unit B
Equipment Components Parts Components Parts
Boiler Fumace Wall tubes
High Temp. Qutlet header
Superheater and | tube nozzles Same as Unit No. 1
Reheater Tub
(Upper part) Hoes
Dissimilar weld
joint of tubes
Type Drum type Type Drum type
Turbine HP/IP rotor Center bore HP/iP rotor Outer surface
Heat groove
Blade groove
Moving Blade Moving Blade
Goveming stage HP.
HP. 1st & 2nd iP.
IP. 1st & 2nd
LP rotor Center bore HP/IP Inner Inner surface
Blade groove casing and
L-0, L-1 Outer casing
Type WH type Type Simense Type
Equipment Components Parts Components Parts
Gencralor Stator Coil Stator Coil
(*1)(*2) (*2)
Rotor NA Rotor NA
Manufaclﬁrer Mitsubishi Manufacturer Fuji Electric Co.
Electric Co.
(*1)  No special examination is carried out, but remaining life will be assessed by the

operation hours and number of start/stops.

(*2)  Coil insulation precise examination
This is considered as ageing deterioration examination and not included here in
this remaining life assessment. However, WEST JEC recommends to do this
examination, if the stalor coils are not rewound in the rehabilitation.

NA = Not applied
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MALAYA THERMAL POWER PLANT
LIST OF MMP PROCEDURES
TABLE OF CONTENTS

TITLE
PLANT ORGANIZATION AND DIVISION OF RESPONSIBILITIES

DEVELOPMENT, REVIEW, APPROVAL AND REVISION OF MALAYA

PLANT PROCEDURES

CONTROL OF PLANT DOCUMENTS AND QUALITY RECORDS
PREVENTIVE MAINTENANCE PROGRAM

CORRECTIVE MAINTENANCE WORK ORDER SYSTEM
SAFETY CLEARANCE AND TAGGING

CALIBRATION AND CONTROL OF MEASURING & TEST
EQUIPMENT

CONTROL OF PLANT SYSTEM & EQUIPMENT CONFIGURATION
CONTROL OF SPECIAL PROCESSES
CONTROL OF PLANT SYSTEMS & EQUIPMENT TESTS

IDENTIFICATION, PROCUREMENT, RECEIPT, INSPECTION
STORAGE & WITHDRAWAL OF PLANT EQUIPMENT, SPARE
PARTS, SUPPLIES AND CONSUMABLE MATERIALS

IDENTIFICATION OF PLANT EQUIPMENTS, COMPONENTS AND
MATERIALS

MALAYA THERMAL POWER PLANT VITAL AND MAJOR SYSTEM

AND COMPONENTS,
NONCOMFORMANCE REPORTING AND CONTROL
PLANT EFFICIENCY REPORTING

ADMINISTRATIVE CONTROLS FOR THE TESTING, CALIBRATION
AND REPAIR OF PLANT INSTRUMENTATION AND CONTROLS

CERTIFICATION OF MYTP PERSONNEL

USE OF OPEN FLAME AND HOT WORK PERMIT
INSPECTION PROGRAM

PLANT HOUSEKEEPING AND CLEANLINESS CONTROL

PLANT LUBRICATION PROGRAM

MAINTENANCE WORK ORDER, PREPARATION USE AND
SCHEDULING

PLANT EQUIPMENT INSPECTION PROGRAM

-~ *. Under preparation
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MALAYA THERMAL POWER PLANT
MECHANICAL MAINTENANCE PROCEDURES
(MYTP/MMP)

PROCEDURE TITLE
NO.

MMP - 01 VALVE PACKING REPLACEMENT
-02 COUPLING ALIGNMENT OF ROTATING EQUIPMENT

- 03 TANK AND VESSEL ENTRY, INSPECTION, REPAIR AND
CLOSURE

- 04 LIMITORQUE OPERATOR, REMOVAL OVERHAUL AND
INSTALLATION

-05 LUBRICATION, INSPECTION OF MECHANICAL EQUIPMENT *
- 06 MAINTENANCE OF RELIEF VALVE

- 07 GENERAL WELDING PROCEDURE (FIPING) *
- 08 GENERAL WELDING PROCEDURE STRUCTURAL
- 09 MYTP #1 BOILER FEEDWATER PUMPS *

- 10 DISASSEMBLY AND REASSEMBLY OF MYTP #2
CIRCULATING WATER PUMPS

- 11 MYTP #1 VERTICAL CIRCULATING WATER PUMPS
-12 MAINTENANCE OF MYTP #2 CONDENSATE PUMPS TYPE

TSM-VBG

- 13 MYTP #1 M-BFP, TYPE HDG55N *

- 14 MAINTENANCE OF MOTOR DRIVEN CENTRIFUGAL FIRE *
SERVICE BOOSTER PUMP

- 15 MAINTENANCE OF MOTOR DRIVEN CENTRIFUGAL FIRE *
SERVICE BOOSTER PUMP

- 16 INSPECTION & CLEANING OF FUEL OIL STRAINER *

* Under preparation

40






Appendix 5-1 (3/8)

MALAYA THERMAL POWER PLANT
ELECTRICAL MAINTENANCE PROCEDURES

(MYTP/MMP)
PROCEDURE TITLE
NO. _
EMP- 01 GENERAL INSULATION RESISTANCE
-02 LUBRICATION OF ELECTRICAL MOTOR BEARINGS
- 03 MOTOR OPERATED VALVES MAINTENANCE/TESTING
- 04 ROUTINE MAINTENANCE AND OVERHAUL OF DC MOTORS
- 05 DC HI-SPOT TESTING
- 06 AC HI-SPOT TESTING
- 07 PREVENTIVE MAINTENANCE AND INSPECTION OF AC
MOTORS
- 08 BATTERY PERFORMANCE TEST
- 09 INSPECTION AND MAINTENANCE OF BATTERY
- 10 MYTP #2 480 V SWITCHGEAR
11 AMMETER & VOLTMETER CALIBRATION
- 12 INSPECTION AND MAINTENANCE OF TYPE FA2-N GAS
CIRCUIT BREAKER
213 TRANSFORMER TURNS RATIO TEST *
- 14 INSPECTION AND MAINTENANCE OF TRANSFORMER
-15 INSPECTION AND MAINTENANCE OF GENERATOR *
-18 CONTACT RESISTANCE TESTING
-20 INSPECTION AND MAINTENANCE OF 480 VOLTS MCC

* Under preparation
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MALAYA THERMAL POWER PLANT
INSTRUMENT AND CONTROL PROCEDURE (ICF)

(MYTP/MMP)
PROCEDURE TITLE
NO.
ICP - 01 GENERIC CALIBRATION OF INDICATORS
- 02 GENERIC CALIBRATION OF INSTRUMENTATION SWITCHES
- 03 CALIBRATION FOR LOCAL TEMPERATURE INDICATORS
- 04 GENERIC CALIBRATION OF RECORDERS
- 05 CALIBRATION OF PRESSURE INDICATORS OR PRESSURE
GAUGES
- 06 CALIBRATION OF PRESSURE SWITCHES
- 07 GENERIC CALIBRATION OF CONTROL VALVE AND
POSITIONER

-08 CALIBRATION OF PNEUMATICALLY ACTUATED VALVE
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MALAYA THERMAL POWER PLANT
RESULT TESTING PROCEDURES

(MYTP/MMP)
PROCEDURE TITLE
NO.
RTP - 01 BOILER PERFORMANCE TEST
-02 BOILER EFFICIENCY TEST (HEAT LOSS METHOD)
-03 BOILER CIRCUIT DROP TEST *
- 04 BOILER SYSTEM LEAK TEST *
- 05 BOILER HYDROSTATIC TESTING *
a  Once-Through
b Drum-Type
- 06 BOILER TUBES ACID TESTING *
- 07 BOILER STORAGE AND PRESERVATION *
- 0% BQILER SAFETY VALVE SETTING *
(JACK METHOD)
-09 HEAT RAT PERFORMANCE TESTING
- 10 AIR PREHEATER "LJUNGSTROM" PERFORMANCE
- 11 STEAM COIL AIR HEATER LEAK TEST *
-12 TURBINE STAGE EFFICIENCY TESTING
- 13 FEEDWATER HEATER PERFORMANCE *
(LOW/HIGH PRESS)
- 14 FEEDWATER HEATER LEAK TEST AND TUBES PLUGGING *
- 15 HOUSE SERVICE CLOSED CYCLE PERFORMANCE
- 16 TURBINE PROTECTIVE DEVICE TEST *
a. Siemens Turbine
b. Hitachi Turbine
- 17 MAIN CONDENSER PERFORMANCE
-21 IN-PLACE DYNAMIC BALANCING

* Under preparation
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MALAYA THERMAL POWER PLANT
CHEMICAL ANALYSIS PROCEDURES

(MYTP/MMP)
PROCEDURE TITLE
NO. |
CAP - 01 DETERMINATION OF PHOSPHATE, TITRATION METHODS
- 02 DETERMINATION OF PHOSPHATE, CALORIMETRIC METHODS
- 03 DETERMINATION OF COPPER, ZINCON METHOD
- 04 DETERMINATION OF IRON BY SPECTROPHOTOMETRIC
METHOD
- 05 PREVAILING CONDITION OF THE PLANT TO BE SHUTDOWN  *
- 06 CHEMICAL MANAGEMENT IN NORMAL OPERATION OF *
BOILER
- 07 DEPOSITS - SLAG ANALYSIS
- 08 ADDITIONAL GUIDELINES FOR NPC POWER PLANT INITIAL ~ *
START-UP/PRESERVATION
- 09 DEMINERALIZE PLANT (REGENERATION PROCEDURE, *
NEUTRALIZATION)
- 10 DETERMINATION OF CHLORIDE, NEPHELOMETRY METHOD
(TOTAL RESIDUAL Cl, COLOMETRIC METHOD) '
- 11 HYDRAZINE TEST (IODOMETRIC METHOD)
12 HYDRAZINE, CALORIMETRIC DETERMINATION WITH
PARADIMETHYL AMINO BENZALDEHYDE
- 13 SILICA, SPECTROPHOTOMETRIC DETERMINATION (LOW
RANGE/HIGH RANGE COLLOIDAL SILICA PROCEDURE)
- 14 DISSOLVED OXYGEN DETERMINATION BY INDIGO CARMINE
METHOD
- 15 DISSOLVED OXYGEN DETERMINATION USING CHEMIT KITS
-16 DETERMINATION OF SPECIFIC GRAVITY, HYDROMETER
METHOD
-17 MEASUREMENT OF PH
- 18 DETERMINATION OF FREE MINERAL ACIDITY
19 MEASUREMENT OF ALKALINITY, PHENOLPHTHALEIN AND  *
TOTAL ALKALINITY
- 20 DETERMINATION OF TOTAL SOLID, TOTAL DISSOLVED
SOLIDS & TOTAL SUSPENDED SOLIDS (HIGH RANGE)
-21 DETERMINATION OF TOTAL HARDNESS (MAGNESIUM AND
CALCIUM) BY VOLUMETITRATION
Y STANDARDIZATION OF HYDROCHLORIC SULFURIC ACID,
SPECIAL IN

: * Under preparation 44
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Appendix 5-1 (7/8)

MALAYA THERMAL POWER PLANT
CHEMICAL ANALYSIS PROCEDURES

(MYTP/MMP)
PROCEDURE TITLE
NO.
CAP - 23 STANDARDIZATION OF SODIUM THIOSULFATE 0.IN

24 STANDARDIZATION OF SODIUM KYDROXIDE 0.02 TO 1.ON

.25 STANDARDIZATION OF SODIUM POTASSIUM
PERMANGANATE 0.IN

226 STANDARDIZATION OF IODINE 0.IN

.27 STANDARDIZATION OF IODINE. 0.1N

- 28 STANDARDIZATION OF HYDROCHLORIC/SULFURIC ACID.
0.02 TO 1.0N

- 29 DETERMINATION OF CATION CONDUCTIVITY

- 30 SAL T-SPLITTING (STRONG BASE) ANION RESIN CAPACITY
DETERMINATION

- 31 RESINS, DETERMINATION OF TOTAL CATION EXCHANGER
CAPACITY

.32 WATER RETENTION OF CAPACITY RESINS

.33 JON-EXCHANGE RESINS SCREEN ANALYSIS

- 34 DETERMINATION OF AVAILABLE CHLORIDE IN SODIUM
HYPOCHLORITE SHIPMENTS

- 35 ANALYSIS OF SODIUM HYDROXIDE (DETERMINATION OF
PURITY, TOTAL ALKALINITY AS NaOH)

-36 ANALYSIS OF HYDROCHLORIC ACID (DETERMINATION OF
PURITY, ACIDITY AS HCl)

- 37 CORROSION RATE AND DEPOSIT DENSITY TEST +

.38 FUEL OIL TANK SAMPLING FOR ANALYSIS (DIESEL FUEL) *

-39 SPECIFIC GRAVITY DETERMINATION IN DIESEL FUEL OIL *

- 40 DETERMINATION OF SPECIFIC GRAVITY *

-4l CARBON RESIDUE DETERMINATION IN FUEL OIL *

* Under preparation
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PROCEDURE
NO.

TDC -1

-2

-3
-4
-5

-6
-7

Appendix 5-1 (8/8)

MALAYA THERMAL POWER PLANT
TECHNICAL DOCUMENT CONTROL PROCEDURE
(MYTP/MPP)

TITLE

RECEIVING OF EXTERNAL AND INTERNAL INCOMING
DOCUMENTS

PROCESSING AND DISPATCH OF INTERNALLY INTENDED
AND OQUTGOING DOCUMENTS

MYTP RECORDS RETENTION/DISPOSAL
CLASSIFYING/INDEXING OF DOCUMENTS

FILLING, SUFPLEMENTING, CORRECTING AND UPDATING OF
DOCUMENTS

CONTROL OF GENERATED DOCUMENTS

HANDLING OF CONFIDENTIAL AND RESTRICTED
DOCUMENTS
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Scheduled Maintenance Contro! List for Boiler and the Relevant Equipment

Scheduled Maintenance Routine List will be drawn up based on this List

Appendix 5-2 (1)

Thermal Power Plant, Maintenance Sec. (Mechanical)

Division
(Note 1)

Work
Criteria
No.

Check
Sheet
No.

Work
Division
(Note 2)

‘Inspection ltems

Number
of
Equipment

Frequency
{Time/
Menth)

First Week

Second Week

Fourth Week Execution Month

Tu.

W.

Th.

Sa.

JTu.

W.[Th| F.

Sa.

Third Week

TuiW.

Th,| F.

Sa.

4151617188
10114121 1] 21 3

M. iTutW.[Thi F. |Sa.

inspection on the Body of Boiler

i

Inspection on the Anciilary Valves, Piping, Valves
Inspection on Soot Blower Facilities

Inspection on Burners and the Surroundings

Cleaning Heavy Oil Burner Tips

(1

OI0|CIOo1o

Inspection on Tanks of Heavy/Crude Qil and Light Oil, and
the Surroundigns

] B 1 e E E 3N

h-2

Cleaning of High, Low Pressure Heavy/Crude Oil Pump
and Strainer Pan

Unit 1: 1
Unit2: 2

Inspectian of Ancillary Piping, Valves of Fuel Gil Pump

1, Il

Inspection on Recelving Equipment of Heavy/Crude Ol

Inspection on Forced Draft Fan

Inspection on Exhaust Gas Mixing Fan

inspection on Gas Recirculating Fan

Inspection on Ash Treatment Equipment

I, i

I, 1l

inspection on Hammering Devices of EP

inspection on Driving Device of EP Damper

inspection on Ammonia [njection Equipment .

Inspection/Repair on Packing Equipment of Heavy Qil Ash

Inspection on and around Air Heater

inspection on Driving Device of Air Heater Damper

inspection an Drain Pump of Steam Air Heater

Adjustment and Repair of In-Hourse Compressors

Q|G

Adjustment and Repair of Soot Blow Compressors

el iw]iwliv]ie] el lv]is]u]iv]iv]jeliv]lu]ielle]

Inspection on Drain Disposal Equipment of Soot Blow
Compressors

e e B RO e o | et | ] ek [ RO B

inspection on Compressor for Control

Inspection on Steam Converter

Qil Treatment for Small Sized Oil Separation Reservoir

Qil Treatment for Large Sized Oil Separation Reservoir

A

QJ|0|0] |o

Cleaning of Pump Yard for Oil Delivery

Inspection/Maintenance of Explosion-Proof Tools

Main Pipe Inspection

Inspection/Repair of Gas Reheating Equipment

Inspection on Cooling, Absorption Equipment for Exhaust
Gas Desulfurizer

EE JEE'S P JEEY I LN LY N Y

Inspection on Oxidation Equipment for Desulfurizer

Inspection on Gypsum Separation Equipment

OO0 lw]iwliw]lw]luliu}le]w]lw)

Inspection on Transportation Facmtles of Gypsum for
Desulfurizer

o

Inspection on Raw Material Transportation, Storage
Equipment for Desulfurizer

Inspection on Adjusting Eqmpment of Raw Material for
Desulfurizer

Inspection on Desulfurizer Pit and Drainage Equipment

Inspection on Water and the relevant Facilities for -
Desulfurizer

Note 1

Note 2 : Work Division _
A . All work will be attended by the personnel of Electric Power Co. '
8. The personnel of Electric Power Co. will be present at the beginning, intermediate and end of the work.

C : The personne! of Electric Power Co. will be presant at the beginning and end of the work.

. The mark of O will be executed during economy shutdown, too.

D : Without attendance of Electric Power Co.-

I .....No. 1 Unit
H .....No. 2 Unit

. No. 1 Unit and No. 2 Unit

@ .....Common Units fo_r No. 1 and No. 2
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Scheduled Maintenance Control List for Turbine and the Relevant Equipment

Scheduled Maintenance Routine List will be drawn up based an this List.

Appendix 5-2 (2)

Thermal Power Plant, Maintenance Sec. (Mechanical)

Division { Work | Check| Work Number Frequency First Week Second Week Third Week Fourth Week Execution Month
(Note 1) 1 Criteria | Sheet | Division Inspection tems of (Time/ 4151 6[718]89
No. No. | (Note2) ' Equipment Month) | M. |Tu|W.[ThfF. 1Sa|M.|Tu|{W. [Th|F |Sa[M |TulW.|Th|F.|Sa M [TuiW |Th|F |Saj 1031112 1{ 2] 3
O D Inspection/Repair of Turbine Body 2 iy It
D Inspection/Repair of Qiling System 4 i1 i it 0
D Inspection/Repair of Main Valves 2 i | Iyt
D Inspection/Repair of Condenser Body and Auxiliary Valves 2 i I, 1l
D Inspection/Repair of Circutating Water Pump and 2 i LI
its Surroundings
D Inspection/Repair of Condensate Pump 2 I ]
(D] Inspection/Repair of Condensate Pump, Condensate 2 1l I
Booster Pump
D Inspection/Repair of Ejector, Gland Condenser 1 |
D Inspection/Repair of Vacuum Pump, Gland Condenser 1 ]
3] Inspection/Repair of Feed Water Pump (M.T) 4 4 L Il L
D Inspection/Repair of Feed Water Heater and Deaerator 2 1,1l I, 1l
b Inspection/Repair of Low Pressure Drain Pump and 2 I, 1l bl
Drain Tank
D Inspection/Repair of Demineralized Water Pump, 1 ]
Condensate Transfer Pump
3] Inspection/Repair of Condensate Demineralizer 2 Il il
O B Inspection/Repair of Make-up Water Treatment 4 I i | I
Equipment
3] inspection/Repair of Chemicals Feed Pump and 2 i, I} L
Solution Tank
] inspection/Repair of Sampling Rack 1 L 1
D fnspection/Repair of Cooling Water Pump for Bearing 2 Il 1l
D inspection/Repair of Cooling Water Cooler for 2 Il L
Seawater Booster Pump
D Inspection/Repair of Main Piping System 1 1] |
© D Inspection/Repair of Seawater Strainer No. 1 Unit; 2 Ll
: No. 2 Unit: 1
Q D Cleaning of Seawater Strainer 1 i
D Inspection/Repair of Dust Collector 2 i il
O D Inspection/Repair of Seawater Electrolysis Equipment 2 ! |
o] D Cleaning of Dust Receiver 4 | | | |
O D Inspection/Repair of lron lon Bosing Equipment 3 | ] |
D Inspection/Repair of Deforming Equipment 2 il It
O A Inspection/Repair of Emergency Diesel Generator 2 |, H I, 1l
D Inspection/Repair of Diesel Fire Extmgu;shmg Pump 1 I
[} D Inspection/Repair of Overhead Crane 1 ]
) D Inspection/Repair of Motor Driven Hoist 1 |, 1l
D Inspection/Repair of Drainage Pump in Turbine Room 2 il i ii |
O D Cleaning of Lubrication Stand & its Surroundings and 4 | | i i
Making up Oil
O D Inspection/Repair of Waste Water Treatment Equipment 4 i [ |
O D Inspection/Repair of Air Conditioner 2 | i
O D Inspection/Repair of Vacuum Cleaner 1 I
D Inspection of Explosion - Proof Tools 1 f
D Putting Warehouse of Maintenance in Order 1 1}
D Supplement of Oil Catcher ' 1 It
D Checking of Fixtures/Equipment 1 1]
Note1: The mark of O will be executed during economy shutdown, too.
" Note 2 : Wark Division I No. 1 Unit
A All work will be attended by the personnel of Eiectric Power Co. i, .. No. 2 Unit

B : The personnel of Electric Power Co. will be present at the beginning, intermediate and end of the wark.

C : The personnel of Electric Power Co. will be present at the beginning and end of the work.

D : Without attendance of Electric Power Co.

. No. 1 Unit and No. 2 Unlt
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Scheduled Maintenance Control List for Electric and the Relevant Equipment (1/2) Appendix 5-2 (3)

Scheduled Maintenance Routine List will be drawn up based on this List. Thermal Power Plant, Maintenance Sec. (Electrical)
Division | Work | Checki Work ‘ Number Frequency First Week Second Week Third Week Fourth Week Execution Month
{Note 1) | Criteria | Sheet | Division inspection ltems of (Time/ 4|1 5|61 7]8]09

No. No. | (Note 2} : Equipment Month) | M.|Tu|W.iTh| F. [Sa| M. iTu|W.]Th.| F. [Sa| M. |Tu|W.|Th| F.|Sa] M. |Tu[W.[Th] F. |8al 10| 11| 12] 1| 2| 3
A Brushes of Generator (Implemented in the fifth week, too) 8 Il L ARl [l Il I, 1§ I |, 11
o] b Cooling Equipment of Generator Stator (Implemented 4 I, 1l I, It i ILn
in the fifth week, too}
o) D Casing of Generator 1 l, il :
A Measurement of Generator Shaft Voltage 2 I, 1l l, -
D Cleaning of Generator Filter 2 I, I} I, 1
0 D Exciter Panel, Rectifier Panel 2 1,1 I H
Q D Hydrogen Sealing Qil {impiemented in the fifth week, too) 4 [, 1l I, H SENL I, 1l
O D Qil Change of Vacuum Pump for Sealing Qil 1 1
D Replacement of Hydrogen Bottle (Implemented in the fifth 8 Ll i I, H £, L L I I, 1 [l
week, too) '
O D Transformer 2 [, 1) : i, 11
@) D Substation Facilities 2 | {
&) A Insulator Washing, Contamination Meter (Implemented in 4 ! | f I
the fifth week, too)
O D Diesel Generator 2 i, H . Il
D. EP Facilities (Iimplemented in the flfth week, t00) 2 Ll I
O D Panelboard Switchgear 2 Il i, [l
O D High Voltage Moter 1 I I
o D Low Voltage Moter 1 I,
0 A Insulation Measurement and Space Heater Current 2 ! I
Measurement of Main Equipment ;
O A insulation Measurement and Space Heater Current 2 ; ' H
Measurement of Main Equipment {Including Exhaust Gas
Desulfurization)
Q b Direct Current Power Source Unit 1 Ll
b Equal Charging of Battery once/ 1, i 0
. 6 months 0
0] A Measurement of Leakage Current of L. A, oncef ' | O o
3 months ' O O
C A Detector Operation of L. A. oncef i o
. 6 months Q
O D OF, CV Cable - 1
O A Insulation Measurement of Lighting ' once/ ' 1, N ; o] Q
' 3 months 0 O
O A IMeasurement of Grounding Resistance once/ ! 0O
6 months O
0 D Measurement of llluminance 1 ' ' | 3
C D Overhead Crane 1 |
*) D Inspection of BFPT Hoist ' 1 I 1l
9 A Make-Up Water Treatment ' _ 1 I .
o b Drainage Pump Inspection for House Service ( Underwater _ once/ | : O C
Pump) - : 3 months (] O
@) D Waste Water Treatment System o 2 | | '
O D Conitrol Panel for Airplane Warning Light ' 1 il .
0O A Pump Station at-Sasagawa River once/ i Q O
. : . ' . 3 months O O
Q D Bagging Equipment - 2 {
O D IRoom for High Pressure Gas Bottle 1 ) ;

Note 1: The mark of O will be executed during economy shutdown, too. '

Note 2 : Work Division o - ' ; o Ne. 1 Unit
A All work will be attended by the personnel of Electric Power Co. ' it .....No 2Unit
B : The personnel of Electric Power Co. will be present at the beginning, Intermediate and end of the work. - : LA ... No. 1 Unit and No. 2 Umt

C : The personnel of Electric Power Co. will be present at the beginning and end of the work. -
D : Without attendance of Electnc Power Co.
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Scheduled Maintenance Control List for Electric and the Relevant Equipment (2/2) Appendix 5-2 (4)

Scheduled Maintenance Routine List will be drawn up based on this List. _ Thermal Power Plant, Maintenance Sec. (Electrical)
Division | Work | Check{ Work . Number Frequency First Week Second Week Third Week Fourth Week Execution Month
{Note 1) | Criteria [ Sheet { Division Inspection items of (Time/ 41 5]6)]7]18]89

No. No. { (Note2) _ Equipment Month) [M|TulW.iTh.] F.|Sa] M |{TulW.|Th| F.|Sa| M. [Tu|W.|Th| F. |Sa| M. jTu[W.|Thl F. |Sal10]11112] 1] 2| 3
O ' D Air Conditioner 2 I |
O D Receiving Equipment of Heavy Crude Qil 1 i
O D Seawater Electrolytic Equipment 2 |
o D Condensate Demineralizer 1 11
o D Facilities installed in Service Building 1
O D Electric Anticorrosion Equipment 1 i, 1)
O D Low Voltage Moter for Exhaust Gas Desulfurizer No. 1 & 1 il
No. 2
0] D Low Voitage Moter of Common Use for Exhaust Gas A 1]
Desulfurizer {(No. 1)
O D Low Voltage Motor of Common Use for Exhaust Gas _ 1 il
Desulfurizer (No., 2) ) '
Q- D High Voltage Motor for Exhaust Gas Desulfurizer 1 i
O D Panelboard Switchgear for Exhaust Gas Desulfurizer 1 ' Il
o D Air Conditioner for Exhaust Gas Desulfrizer, etc. 1 . Il
Note 1: The mark of O will be executed during economy shutdown, too.
Note 2: Work Division _ _ N No. 1 Unit
A All work wili be attended by the personnel of Electric Power Co. nm..... No. 2 Unit
B : The personnel of Electric Power Co. will be present at the beginning, intermediate and end of the work. I, 1. ...No. 1Unitand No. 2 Unit

C : The perscnnel of Electric Power Co. will be present at the beginning and end of the work.
D : Without attendance of Electric Power Co.
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Scheduled Maintenance Control List for Control and the Relevant Equipment (1/2) : Appendix 5-2 (5)

Scheduled Maintenance Routine List will be drawn up based on this List Thermal Power Plant, Maintenance Sec. (Control)
Division | Work | Check} Work Number Frequency First Week Second Week Third Week Fourth Week Execution Month
(Note 1) | Criteria | Sheet | Division ‘Inspection ltems of {Time/ 41616171819

No. No. | {Note 2) Equipment Month) M. |Tu|W.[Th] F. [SalM ITu|W.|Thj F. {Sa|M |TutW.|Th|F.|SalM. [Tu|W.|Th| F.{Sa] 10 11|12} 1] 2} 3
D Hydrogen Cooling Equipment for Generator Stator 1 I, 1l
O D Event Recerder 1 i
A ABC Contro] System 1 |
A APC Control System 1 li
A Air Dehumidifier System 1 10
D Cleaning Filter of Air Dehumidifier System once/ L Q O
3 months 18] O
D Control Equipment of No. 1 Burner (Disassembled 2 I : i
Cleaning is only implemented for equipment with lots of
trouble frequency of torch nozzle tips.)
D Control Equipment of No. 2 Burner {Disassemble, . ) 4 E.C D.g4 . B,C| AC
Cleaning of Torch, Flame Detector and Igniter) *sg : *sg *s| *sg
A - [Purge of Draft Detecting Pipe 1 Al
A Opening & Cleaning of Detection Seat of Detecting Pipe once/ LI 0 )
3 months Q O
D Local Control Equipment (Boiler) 1 i, 1l
D Local Control Equipment (Turbine) 1 I,
D NO, Controt Equipment (Including Blowing of Detection 2 | |
Pipe on the First Week)
D Dust Collector Control Equipment {(Rotary Screen) 1 il
Q D Receiving Equipment for Fuel Olf Tank . i i
O D Test of Oil Leakage Detector for Fuel Qil Tank 1 ]
O D Nitrojection Equipment 1 [l
@) D Detection Equipment for Ammeonia Gas 1 |
o} D Make-up Water Treatment, Drainage Neutralization 1 1
Equipment
o D Drainage Treatment Equipment 1 !
D Chemical Feeder ) 1 L
D PH Meter, Conductivity Meter (Relevant to Central Rack) 1 [, Il
D Replacement of After Cation Resin for Conductivity Meter once/ I, 1l
of Chemical Dosing (Replacement every two months) 2 months ]
D Analyzer of Dissolved Oxygen, Hydrazine 1 [l
D Silica Meter 1 |
0 D Boiler for House Service 1 |
D Cendensate Demineralizer 1 1l
D Seawater Electrolytic Equipment 1 |
D Iron Jon Bosing Equipment 1 |
L $0;, NOx, O Analysis of Exhaust Gas {Implemented in 4 I, 11 [, I, [
the fifth week, too) ] :
D Inspection of Pretreatment Probe for SO;, NO,, O2 once/ : I, ! O 0]
Analyzer of Exhaust Gas . 3 months : 0] O
D CO Analyzer 2 : - . I it [, Il
D inspection on Probe of CO Meter _once/ gLl ' o o
' 3 months O 0
D Analyzer of Eca, O . Unit No. 1: 2| 11 [N
. : Unit No. 2: 1 ] :
O D Detector for Combustible Gas (No. 2 includes DS) 1. ' il
O - Analyzer of Sulfur Contents 1 ' _ Il
O D TV System of Flue Gas Monitoring for House Service 1 H
Note 1: The mark of O will be executed during economy shutdown, too.
Note 2 : Work Division . : | I No. 1 Unit * Stage
A All work will be attended by the personne] of Electric Power Co. I | No. 2 Unit
B : The personnel of Electric Power Co. will be present at the beginning, intermediate and end of the work. S : L, .. ..No. 1 Unit and No. 2 Unit

C : The personnel of Electric Power Co. will be present at the beginning and end of the work
D : Without attendance of Electnc Power Co, :
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Scheduled Maintenance Control List for Control and the Relevant Equipment (2/2)

Scheduled Maintenance Routine List will be drawn up based on this List

Appendix 5-2 (6)

Thermal Power Plant, Maintenance Sec. (Control)

B : The personnet of Electric Power Co. will be present at the beginning, intermediate and end of the work,
C : The persennel of Electric Power Co. will be present at the beginning and end of the work.

D - Without attendance of Electric Power Co.

[, I....No. 1Unitand No. 2 Unit

Division { Work | Check| Work Number Frequency First Week Second Week Third Week Fourth Week Execution Month
{Note 1) § Criteria | Sheet | Division Inspection Items of {Time/ 415|617 [8]389
No. No. | (Note 2} ' Equipment Month) T | W.AThi FoiSaiM | Tu|W.|Th! F. |Sa| M. {Tu.]W.|Th) F. [Sa| M. |Tu|[W.|Th|F. [Sa]l 10} 11|12 1} 2] 3
D Monitering instrument for Turbine 1 Il
D Vibration Monitoring Equipment for Auxiliary Facilities 1 I, 1l
D Clock System 1 |
D No. 1 Satellite Control Panel (Turbine) once/ t O C
: 4 months O
D No. 1 Satellite Control Panel! (Boiler) Ditto | O
O o]
D No. 2 Satellite Control Pane] {Turbine) Ditto I 8]
0 Q.
D No. 2 Satellite Control Panel (Boiler) Ditto i O O
O
D Recorder for BTG Panel 1 LI
D Recorder for BA Panel 1 i, I}
O D Computer, BSC Equipment 1 H
O D Small Sized Oil Separation and Reserving Tank 1 I
o D Insulation Measurement for Electrical Final Control oncef I, It O O
Element (Shutdown Time of Mar. Jun. Sep. Dec.} 3 months O ¢}
D Checking of Fixture/Equipment, Stock {Prepared in once/ O O 0]
advance) 2months O O O
O D Checking of Explosion-Procf Tool once/ O
6 months Q
D Level Instrument with Purge Set for Exhaust 1 i
Gas Desulfurizer
D Recorder for Exhaust Gas Desulfurizer 1 ll
D PH Meter for Exhaust Gas Desulfurizer (Absorber, 1 1t
Oxidation Equipment)
D S0 Analyzer for Exhaust Gas Desulfurizer 1 Il
Note 1: The mark of O will be executed during economy shutdown, too.
Note 2 : Work Division ... No. 1 Unit
A All work will be attended by the personnel of Electric Power Co, ... No. 2 Unit
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Monthly RoUti_ne List of Scheduled Maintenance for Mechanical Equipment of Units 1,2 (for Boiler)

Appendix 5-3

Thermal Power Plant
Maintenance Sec.

6. Vibration measurement on auxiliary equipment will be executed on 5th week,implemented after the date of 29th,
.7.The marked of © indicates the work for common facifities regarding unit | and unit 2.

Day
Unit Monday Tuesday Wednesday Thursday Friday Saturday
Week .
' 1.Qil Treatrment for Small 1. Adjustment and Re ai of Scot 1.Inspection on Ash Treatment Equipment| !.Inspection on Receiving Equipment of] 1.0il Treatment for Large Sized Oil l.CIe'iming of Pump Yard for Oil
- : : ; o Blow Compressors G9(O) " . o . s i SErvOIr(% Delivery(x)(C)
s X(C = . d Draft | H Crude Ol %) Separation Reservoir()©) lver .
N 3 Slzed_ QOil Senarauf)n Resewarm 2 Tnspection of Ancillary Piping, Valves 2.Inspection on Forced Draft Fan eav?rl rude Qi © . ) ‘D il swnori 2 Min Pipe Thsoction
g |D 2.Cleaning Heavy Oil Burner Tips of Puel Ol Pump 2.Inspection on Ammonia Injection .Inspection a.m epzm? on Packing 3.Inspection on Driving Device of Air
2 3.Inspection on the Body of Boiler _Equipment ) ©) Equipment of Heavy Oil Ashtx{(©) Heater Damper
oo 1.Cleaning Heavy Qil Burner Tips 1.Inspection of Ancillary Piping,Valve | 1.Inspection on Ash Treatment Equipmentj 1.Inspection on Cooling Absorption 1.Inspection and Repair of Gas Reheating | 1.Inspection on Hammering Devices of EP
~ ;N_. of Fuel Oil Pump ' Equipment for Exhaust Gas Desulfurizer Equipment 2.Inspection and Maintenance of
»g 2. Inspection on Burners and the Explosion-Proof Tools
Surroundings _ . _ i _
— 1. Adiustment and Repair of House 1.Adjustment and Repain of Soot Blow .hggectio:]uon Tgnks of Heavy 'Crgc!:, 1.I‘nspection on Compressor for Control '%‘é[;l;lfri?lmeaé;gv 1;)’:;(2;}( ?(Sed Oil l.g:ieaning of Pump Yard for Oil Delivery
= Service Compressors Compressors $&©) ® . L 00 2 Inspection on the Ancilfary Valves, 3] . .
v = S Ol B T T — B dih .lnspecn‘on on Ash Treat.ment Eqmpmenl Fiping, Valives 2.Inspection on Steam (,onvgmer )
g |~ 2.Cleaning Heavy Oil Bumer Tips -Inspection on Bumers and the 3.Inspection on Gas Recirculating Fan 3.Inspection and Repair on Packing 3. Inspection on Driving Device of EP
iz Surroundings (%) ] Equipment of Heavy Oil Ash (3)©) Damper
G| 1.Cleaning Heavy Oil Burner Tips 1.Inspection on and around Air Heater | 1.Inspection on Ash Treatment Equipment| 1.Inspection on Drain Pump of Steam 1.Inspection on Gypsum Separation 1.Main Pipe Inspection
S = 2.Inspection on the Body or Boiler 2.Inspection on Forced Draft Fan Air Heater Equipment 2.Inspection on Driving Device of Air
5‘ 2.Inspection on Oxidation Equipment Heater Damper
_ for Desulfurizer ‘
—, | 1.0il Treatment for Small R© 1.Inspection on Ash Treatment Equipment} 1.Inspection on Receiving Equipment of| 1.0il Treatment for Large Sized Ol 1.Cleaning of Pump Yard for Qil Delivery
& | _Sized Oil Separation Reservoir CSBOL5 o2 . ()Cleaning of High,Low Pressure Heavy] _Heavy-Crude Qil¢0©) Separation Reservoir © E31@)]
v = . . - 2.Inspection of Ancillary Piping, Valves . . - aciliti 21 " 4 Repai Packi
% | D | 2Cleaning Heavy Qil Burner Tips of Fuel Oil Pump *Crude Oil Pump and Strainer Pan _2.lnspec.uon on Soot Blower Facilities Inspection and Repair on Packing
g 3.Inspection on the Body of Boiler 3.Inspection on Exhaust Gas Mixing Fan Equipment of Heavy Qil AshG)@©
“nre 1.Cleaning Heavy Oil Burner Tips 1.Inspection of Ancillary Piping,Valves | 1.Inspection on Ash Treatment Equipment (DCleaning of High,Low Pressure Heavy{ 1.Inspection on the Ancillary Valves, 1.Inspection on Driving Device of EP
™ = of Fuel Qil Pump @Cleaning of High,Low Pressure Heavy /Crude Oil Pump and Strainer Pan Piping,Valves Damper
5 2.Inspection on Burners and the /Crude Qil Pump and Strainer Pan 2.Inspection on Transportation Facilities| 2.Inspection on Raw Materfal Transportation,
of Gypsum for Desulfurizer " Storage Equipment for Desulfurizer
— 1.Cleaning Heavy Oil Burner Tips 1. Inspection on Tanks of Heavy ' Crude 1.Inspection on Ammomnia Injection 1.0il Treatment for Large Sized Gil 1.Cleaning of Pump Yard for Oil Delivery
= : , il and Light Qil the Surroundin Equipment(3©) _Separation Reservoir(3) ©) 0
4 g 2.Inspection on and around Air Heater 2.1 i Ash T Equi 2.1 ti n Drain Pump of Steam 2.1nspection and Repair on Packing 21 ot H: ine Devi f EP
L | = 3.Inspection on Bumers and the nspection on Ash Treatment Equipmenty <Z.Inspection o a P . p- . P . ng .Inspection on Hammering Devices o
g Surroundings Air Heater Equipment of Heavy Oil AshG@©
"‘3 . 1.Cleaning Heavy Oil Burner Tips 1.Inspection on the Body of Boiler 1.Inspection on Ash Treatment Equipment] 1.Inspection on Soot Blower Facilities 1.Inspection on Desulfulizer Pit and 1.Inspection on Steam Converter
<+ | = 2.Inspection on Exhaust Gas Mixing Fan | 2.Inspection on Adjusting Equipment of |  Drainage Equipment 2.Inspection on Water and the relevant
= Raw Materal for Desulfulizer Facilities for Desulfulizer
- aw Matena 3.Inspection on Drain Disposal Equipment
of Soot Blow Compressors%)©
i
T
iRl
)
=
=
) =
=
)
1.Scheduled Maintenance Work will be implemented in accordance with the attached sheet of maintenance work criteria.
2.Contact with both operation sec. and the person in charge will be kept without fail before and after the work.
% 3.As a rule,the scheduled maintenance work will be executed after completion of the requested maintenance work.
g 4. The marked of the underlined part will be also performed during economy shutdown.
&) 5.The marked of D or @ will be exécuted in the presence of the personnel of Electric Power Co.
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Overhaul Inspection manual at the Time of Periodical Examination

Time and Contents of Periodical Inspection for Boiler Facllities

(Inspecuon implemented by Installer)

Notes (*):

Appendix 5-4 (1)

The inspection means detailed inspection selected checking portion at the approaching time of rapture

strength, which is 100,000 hours determined as design criteria of strength of thermal power plant facilities.

Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection B Inspection C Inspection

2. Initial Periodical
Inspection

3. Periodical Inspection after

Long-Term Operation

Measures taken in Daily
Maintenance

Remarks

1. Boiler

(1) Steam Drum
[To include Flush-
Tank for Starting
Bypass]

a. On the condition steam- | a.
water separation
equipment will be-
removed numbers
required, visual
inspection inside drum
and liquid Penetrant test
(hereinafter, referred to
PT test) on welding lines
inside Drum is to be
implemented.

If inside welding portion
of nozzle stub is not '
machined smoothly, visual
inspection of the inside
nozzle stub and PT test
shall be performed on the
condition steam-water
separation equipment will
be removed numbers
required,

b. In case that round-off
work is not executed at
the edge of welding
portion attaching drum
internals, visual
inspection and PT test for
the part shall be
implemented.

To implement periodical
inspection based on
standard period, A
Inspection.

Excluding the following, the
casc is to be same as
periodical inspection based on
standard period.

a.

To "B" inspection of
periodical inspection
based on standard period,
the following are to be
added.

When inside welding
portion of nozzle stub has
been machined smoothly,
inspection will be
executed on the condition
of attaching steam-water
separation equipment and
welding portions to be
inspected is to be
performed PT test,

To "C" inspection of
periodical inspection
based on standard period,
the following arc to be
added.

When inside welding
portion has not been
machined smoothly, visual
inspection of the inside
nozzle stub and PT test
are to be implemented on
the condition of removing
required numbers of
steam-water separation
equipment

Water Quality
Surveillance

Observance of
Temperature Rising
Ratio of Beiler Water

Confirmation of Steam
Leakage

Special Precise
Inspection executed at
the time of Periodical
Inspection based on
Standard Period is
recommendable to be
implemented according
to the interval described
below;

first time after 80,000
hours’ operation

second time and later
every B years or after
60,000 ~ 80,000 hours’
operation

As to special precise
inspection (*)

Selecting typical spots
out of nozzle stub outside
welding and longitudinal,
circumferential joints of
outside welding, magnetic
particle testing
(hereinafter, referred to
MT) is to be
implemented.

Required numbers of
drum internals attached
by welding are to be
removed and MT is to be
implemented welding
portion of inside nozzle
stub.

(2) Water Drum

(Same as Steam Drum, however, steam-water separation equipment is to be superseded with
inside equipment) :




Appendix 5-4 (2)

Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspection

C Inspection

2. Initial Periodical
Inspection

3, Periodical Inspection after
Long-Term Operation

Measures taken in Daily
Maintenance

Remarks

(3) Header

(A) Furnace
Economizer

a. To inspect Header and
Header Lifting Ring from
the outside

b. Selecting typical spots,
PT test on Header,
welding portion of nozzle
stub and support metals
are to be implemented.
[But, after about six years
since commercial
operation started]

c. Including other Headers,
selecting more than two
typical ones and inside
inspections are to be
implemented.

a.

Same as mentioned A
Inspection

For the welding portions
of Furnace outlet Header
and nozzle stub which
have not been taken
measures of both flexible
countermeasures and
round-off processing at
the end of welding
portion, typical points are
to be selected and PT
test shall be implemented,

To implement periodical
inspection based on
standard period, A
Inspection. Besides,
Examination
implemented more than
six ycars later from the
start of commercial
operation is also
implemented at the
initial periodical
inspection.

Excluding the following the
case is to be same as
periodical inspection based on
standard period.

a. To "C" inspection of
petiodical inspection
based on standard period,
the following is to be
added.

To inspect Header and
Header Lifting Ring from
the outside.

Water Quality
Surveillance

Confirmation of Steam
Leakage

© In case of inspecting
Header and Header
Lifting Ring form the
outside, header with
heat insulating material
is not needed to remove
the insulating material. .

O As to special precise
" inspection

O Selecting typical spots
out of outside welding
of longitudinal,
circumferential joints of
Header and MT is to be
implemented.

(B) Superheater Reheater

Same as described above

To inspect Header and
Header Lifting Ring from
the outside

Welding portion of nozzle
stub which has not been
taken measures of both
flexible countermeasures
and round-off processing
at the end of welding
portion, typical portions
are to be selected and PT
test shali be implemented,

Same as described above _

Same as described above

Water Quality
Surveillance

Confirmation of Steam
Leakage

Surveillance of Metal
Temperature

Same as described above
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Appendix 5-4 (3)

Essential Equipment

1. Periodical Inspections bascd on Standard Periods

A Imspection

B TInspection

C Inspection

2. Initial Periodical
Inspection

3. Pericdical Inspection after
Long-Term Operation

Measures taken in Daily
Maintenance

Remarks

(4) Tube

(A) Evaporation Tube

{In Case of Oil-Fired,
Gas-Fired Boiler]

a. Visual Inspection is to be
executed after setting
scaffolds up to the burner
level inside furnace.

b. PT test is to implemented
on the typical spots of
welding metal attached
with tube

[In Case of Oil-Fired,
Gas- Fired boiler|

a. Tubes inside furnace are
to be inspected from the
outside, however,
scaffolds will not be
required to set up.

To implement Periodical
inspection based on
Standard Period, A
inspection

Excluding the following, the
case is to be same as
periodical inspection based on
standard period,

a. To "C" inspection of
periodical inspection
based on standard period,
the fotlowing is to be
added.

To inspect tubes inside
furnace from the outside,
No necd required setting
up scaffolds.

Water Quality
Surveillance

Confirmation of Stcam
{ cakage

Surveillance of Metal
Temperature

It is recommendable to
take out sample tubes
and check them every
two years, to inspect
and confirm the inside
condition

[in Case of Coal-Fired Boiler]

a. Visual Inspection is to be
executed after setting
scaffolds up to the burner
level inside furnace,

b. PT test is to implemented

on the typical spots of
welding metal attached
with tube

¢. Thickness measurement is.
to be implemented on the
typical spots of tubes
affected by steam cut

{In Case of Coal-Fired Boiler]

a. Tubes inside furnace are
to be inspected from the
outside, however,
scaffolds will not be
required to set up.

¢. In case that measures for
crosion have not been
applied, thickness test of
typical spots of tubes
affected by steam cut
shall be implemented.

a,

Same as described in the
relevant to "B" Inspection
item,

To implement Periodical
inspection based on
Standard Period, A
inspection

To be same as periodical
inspection based on standard
period.

Water Quality
Surveillance

Confirmation of Steam
Leakage

Surveillance of Metal
Temperature

1t is recommendable to
take out sample tubes
and check them every
two years, o inspect
and confirm the inside
condition,
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Appendix 5-4 (4)

Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspection

C Inspection

2. Initial Periodical
Inspection

3, Periodical Inspection after

Long-Term QOperation

Measures taken in Daily
Maintenance

Remarks

(B) Tube of Superheater
Reheater,
Economizer

[In Case of QOil-Fired Boiler)

a.

Visual Inspection is to be
implemented on
Superheater, Reheater
and Economizer Tubes

Thickness measurements
will be implemented on:
the typical spots of
Superheater and
Reheater Tubes

PT test is to be executed
as to typical spots of
dissimilar metal joints
without using Inconel
series welding rods.

PT test is to be executed
as to typical spots of
metal welding attached
with tube.

[In Case of Oil-Fired Boiler]

a.

Same as described in the
relevant to "A" Inspection
item.

To implement periodical
inspection based on
Standard Period, A
inspection.

Excluding the following, the
case is to be same as
periodical inspection based on
standard period.

a.

To "C" inspection of

" periodical inspection
based on standard peried, |-

the following is to be
added.

To implement visual
inspection of superheater
tubes, reheater tubes and
economizer tubes,

Water Quality
Surveillance

Confirmation of Steam
Leakage

Surveillance of Metal
Temperature

[In Case of Gas-Fired Boiler]

a,

Visual Tnspection is to be
implemented on
Superheater, Reheater
and Economizer Tubes

PT test is to be executed
as to typical spots of
dissimilar metal joints
without using Inconel
series welding rods

PT test is to be executed
as to typical spots of
metal welding attached
with tube

[In Case of Gas-Fired Boiler]

a.

Same as described 1n the
relevant to "A" Inspection
item,

.. To implement periodical

inspection based on
standard period, A
inspection.

Excluding the following, the
case is to be same as

periodical inspection based on

standard period.

a.

To "C" inspection of
periodical inspection

based on standard period, |

the following is to be
added.

To implement visual
inspection of superheater
tubes, reheater tubes and
economizer tubes.

Water Quality
Surveillance -

Confirmation of Steam
Leakage

Surveillance of Metal
Temperature
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Appeadix 5-4 (5)

Essential Equipment 1. Periodical Inspections based on Standard Periods 2. Initial Periodical 3. Periodical Inspection after Measures taken in Daily Remarks
Inspection Long-Term Operation Maintenance
A Inspection B Inspection C Inspection
(B) Tubes of [In Case of Coal-Fired boiler] | [In Case of Coal-Fired boiler}
Superheater, ' ' '
Reheater, a. Visual inspection is to be [a. Same as described in the e a. To implement periodical | Excluding the following, the « Water Quality
Economizer implemented on relevant to "A" Inspection inspection based on case is to be same as Surveillance
Superheater Tubes, item., ' standard period, A periodical inspection based on '
Reheater and : inspection standard period, +  Confirmation of Steam
Economizer Tubes Leakage
a. To "C" inspection of
b. Thickness measurements |b. In case of without b. Same as described in the periodical inspection * Surveillance of Metal
will be implemented on countermeasures for relevant to "B" Inspection based on standard period, Temperature
the typical spots of errosion, visual and item, the following is to be
Superheater, Reheater feeling with hand added.
and Economizer Tubes. inspections will be :
executed on superheater +  To implement visual
tubes, reheater tubes and inspection of superheater
gconomizer tubes. tubes, reheater tubes and
economizer tubes.
c. PT test is to be executed | ¢, In case of without ¢.  Samc as described in the
as to typical spots of countermeasures for relevant to "B" Inspection
dissimilar metal joints . errosion, thickness item.
without using Inconel measurements will be
series welding rods, implemented on the
typical spots of
Superheater Tubes,

Reheater and
Economizer Tubes.

d. PT test is to be executed _
as to typical spots of
metal welding attached

with tube.
(5) Valves Such safcty valves as of steam | a. To implement working a. To implement working a. To implement periodical | To be same as periodical '+ Confirmation of Steam * Working test can be
drum, superheater, reheater test test inspection based on inspection based on standard |- Leakage done by using hydraulic
(A) Safety Valve and electrical relief valve are - standard period, A period. . jack.
checked as follows; inspection *  Confirmation by visual

inspection from outside
a. To disassemble, to check

b. After assembling, to :
implement working test !

(B) Main Valves - |a To disassemble and to a. To disassemble and to a. To disassemble and to a. To implement periodical | To be same as periodical i*  Confirmation of Steam
check ‘ check check . inspection based on inspection based on standard |  Leakage

{With excessive wear on : o standard period, A period [

valve body, valve seat] : o . inspection '+ Confirmation by visual

inspection from outside
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Appendix 5-4 (6)

Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspection

C Inspection

2. Initial Periodical
Inspection

3. Periodical Inspection after
Long-Term Operation

Measures taken in Daily
Maintenance

Remarks

(6) Boiler Circulation
Pump

Existence of abnormality
on pumps is 0 be
performed by means of
pressure, electric current,
etc.

Same as described in the
relevant to "A" Inspection
item

To disassemble more
than one unit, and to
check

For the pumps without
disassembling, test which
can be confirmed of
existence of abnormality
is to be executed by
means of pressure,
electric current, etc.

Excluding the following, the
case is to be same as
periodical inspection based on
standard period.

a. To "C" inspection of
periodical inspection
based on standard period,
the foliowing is to be
added.

Test, which can be
confirmed of existence of
abnormality, is to be
executed by means of
pressure, electric current,
etc.

Confirmation of Leakage

Confirmation Vibration,
Noise

Confirmation by means of

visual inspection from the
outside

o}

It is recommendable to
disassemble and to
inspect every four years.

(7) Boiler Auxiliary
Facilities

(A) Water Feed Pump
and its Driving Steam
Turbine

For Water Feed Pump,
the test being capable of
confirming of abnormality
on pumps will be
implemented by means of
pressure, flow rate,
bearing temperature, etc.
and for the driving stcam
turbine, test, which is
able to confirm
abnormality of steam
turbine such as revolution
per minute, bearing
temperature, will be
implemented.

Same as described in the
relevant to "A" Inspection
item

More than two units are
to be disassembled and
inspected,

As for water feed pump
not being disassembled,
the test, which is able to
confirm abnormality of
pump by means of

. pressure, flow rate,

bearing temperature, etc.,
will be implemented and
for the driving steam
turbine not being
disassembled, the test
which 1s able to confirm
abnormality of the steam
turbine such as
revolution per minute,
bearing temperature,etc.
will be executed.

Excluding the following, the
case is to be same as
periodical inspection based on
standard period.

a. To "C" imspection of
periodical inspection
based on standard period,
the following are to be
added.

For water feed pump, the
test being capable of
confirming existence of
abnormality of pump by
means of pressure, flow
rafe, bearing temperature,
gte, will be executed, and
for the driving steam
turbine, the test, which is
able to confirm
abnormality of steam
turbine such as revolution
per minute, bearing
temperature, will be
implemented.

.+

Confirmation of Leakage

Confirmation of
Vibration, Noise

=]

It is recommendabie to
disassemble and to
inspect every four years.




Appendix 5-4 (7)

Essential Equipment

1. Periodical Inspections based on Standard Periods

2. Initial Periodical

3. Periodical Inspection after

Measures taken in Daily

Remarks

Inspection Long-Term Operation Maintenance
A Inspection B Inspection C Inspection
(B) Fan Tests being capable of Same as described in the Opening manhole fully, | Excluding the following, the Confirmation of 1t is recommendable to
confirming existence of relevant to "A" Inspection inside inspection is to be | case is same as periodical Vibration, Noise disassemble and to inspect
[Forced Draft Fan, abnormality of fans will item, implemented. inspection based on standard

induced Draft Fan, Gas
recircnlating Draft Fan,
Gas Mixing Draft Fan)

be implemented by means
of wind pressure, bearing
temperature, etc.

As for lubrication oil
equipment, bearing
portions, disassembled
inspection will be
implemented.

pertod.

a. To "C" inspection of
periodical inspection
based on standard period,
the following is to be
added.

Tests being capable of
confirming existence of
abnormality of the fan
will be implemented by
means of wind pressure,
bearing temperature, etc.

every two years.

(C) Air Heater

Tests being capable of
confirming existence of
abnormality of air heater
will be implemented by
means of air temperature
of the inlet and outlet,
differential pressure, etc,

Same as described in the
relevant to "A" Inspection
item,

Rotary Regenerative Air
Heater will be inspected,
opening marhole fuily,
on rotor body, heating
surface and driving
device. '

Steam Air Heater will be

. inspected the inside after

opening manhole fully.

Excluding the following, the
case is same as periodical
inspection based on standard
period.

a. To "C"inspection of
periodical inspection
based on standard period,
the following is to be
added.

Tests being capable of
confirming existence of
abnormality of air heater
will be implemented by
means of air temperature
of the inlet and outlet,
differential pressure, etc.

Confirmation of
Vibration, Noise

It is recommendable to
disassemble and to inspect
heating surface every two
years.




Appendix 5-4 (8)

Essential Equipment

1. Periodical Inspections based on Standard Periods

2. Initial Periodical

3. Periodical Inspection after

Measures taken in Daily

Remarks

Inspection Long-Term Operation Maintenance
A Inspection B Inspection C Inspection
(D) Combustion a. To disassemble and to To implement periodical § To be same as periodical Confirmation by visual ©  Burner Refractory,
Equipment check inspection based on inspection based on standard inspection from outside Diffuser, etc. shall be
standard period, A period. maintained sufficiently
a. Burner inspection, in order {o be in use for
' about three years,
b. Oil Pump [In Case of Oil-Fired Boiler] | [In Case of Qil-Fired Boiler} Morec than two units will | Excluding the foilowing, the Confirmation of o It is recomiendable to
be disassembled and case is to be same as Vibration, Noise disassemble and to
[Heavy, Crude Oil Pump |a. Tests being capable of a. Same as described in the inspected. periodical inspection base on inspect every four years.
Light Oii Pump] confirming existence of relevant to "A" Inspection standard period.
abnormality of pumps will item. As for pumps not to be
be implemented by means disassembled, tests being | a. To "C" inspection of
of pressure, electric . capable of confirming periodical inspection ,
current, etc. existence of abrormality based on standard period,
of pumps will be the following is to be
implemented by means of added.
pressure, electric current,
ctc. Tests being capable of
confirming existence of
abnormality of pumps will
be implemented by means
of pressure, electric
current, ete.
¢ Coal Pulverizer [In Case of Coal-Fired Boiler] | [In Case of Coal-Fired Boiler] More than one unit will | Excluding the following, the Confirmation by visual © It is recommendable to

a.

Tests being capable of
confirming existence of
abnormality of coal
pulverizer will be
petformed by means of
electric current, etc,

a.

Same as described in the
relevant to "A" Inspection
item.

be disassembled and

. ingpected.

As for coal pulverizer
not to be disassembled,
tests being capable of
confirming existence of
abnormality will be
implemented by means of
electric current, etc.

case is to be same as .
periodical inspection based on
standard period.

a.

To "C" inspection of
periodical inspection

based on standard period, | -

the following is to be
added.

Tests being capable of
confirming existence of
abnormality of coal
pulverizer wiil be
implemented by means of
electric current, etc.

inspection from outside.

disassemble and to
inspect every four years.
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Time and Contents of Periodical Inspection for Turbine Facilities
(Inspection implemented by Installer)

Appendix 5-4 (9)

Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspeciion

C Inspection

2. Initial Periodical
Inspection

3. Periodical Inspection after

Long-Term Operation

Mcasures taken in Daily
Maintenance

Remarks

2. Steam Turbine

(1) Casing

Removing Upper Casings
and in the condition
Diaphragm and Labyrinth
packing arc attached,
inspection will be
implemented. As the
occasion demands, the
foliowing are to be
performed.

PT test

Strain Measurement
{on the surface of
horizontal joint)

Removing Upper Casings
of High and Inlermediate
Pressure, and in the
condition Diaphragm and
Labyrinth packing arc
attached, inspection will
be implemented.

a.

Visual Inspection will be
implemented during
operation.

To implement periodical
inspection based on
standard period, A
Inspection,

As the occasion
demands, sclecting high
stress level portions (For
instance, nozzle coupling
portion) and the
following is to be
implemented.

MT test

Excluding the following, the

casg is same as periodical
inspection based on standard
period.

a.

To "A" inspection of
periodicat inspection
based on standard period,
the following is to be
added.

As the occasion demands,
selecting high stress level
portions, the following is
to be implemented.

(For instance; nozzle
coupling portion, etc.)

To "B" inspection of
periodical inspection
based on standard period,
the following is to be
added.

Removing Upper Casing
in the condition
Diaphragm and Labyrinth
packing are attached
inspection will be
implemented,

Surveillance of
Elongation

Surveillance of
Elongation Ditference

- Surveillance of
Temperature Differcnce
between inside surface
and outside surface.

Surveillance of Extraction
Temperature

Conlfirmation of
Allophone (Strange
Noise)

Surveillance of Degree of
Vacuum Surveillance of
Exhaust Temperature

Measurement ol Air
Extraction Quantity

It is recommendable that
the barrel-type steam
turbine is fully opened
and inspected once every
four years to six ycars.

For cvery 4 — 8 years,
including Lower Casing,
Diaphragm and
Labyrinth Packing will be
removed and it is
recommendable 10
implement inspection.

(*) Special precise
inspection executed at
the time of periodical
inspection based on
standard period is to be
implemented according
to the interval described
below;

Initial: after 80,000
hours passed

After second time:

It is determined to

implement after every

cight years or 60,000 ~

80,000 hours.

(2) Turbine Shaft, Disc,
Moving Blade

(a) -
(b)
(©

(d)
(e)

Rolating turbine shaft
smoothly without its
removal and Lhe following
inspections will be
implemented.

turbine shalt

disc

vanes and the attached
portions

shroud, lacing wire
selling condition of
balance weight

As the occasion demands,

-the following is to be

implemented.,

PT test

Rotating turbine shaft
smoothly without its
removal and inspection
will be implemented.

Investigating the
condition of shafl:
vibration change, and to
conlitm no existence of
abnormality.

To implement periodical
inspection based on
siandard period, A
Inspection.

Sclecting typical spots of
moving vancs and PT {est
will be implemented.

Excluding the following, the
case is same as periodical
inspection based on standard
period.

a.

To "B" inspection of
periodical inspection
based on standard period,
the following are to be
added.

Without removing turbine
shaft, turning it smoothly
and the following
inspection will be
implemented.

turbine shaft, disc
vanes and the attached
poriions

shroud, lacing wire
setting condition of
balance weight

Fatigue Life Span
Management

Surveillance of Shaft
Vibration

It is recommendable 1o
remove turbine shafls
every 4 ~ 8 years and o
inspect them,

Special precise inspection
cxccuted at the time of
periodical inspection
based on standard period
it to be implemented
according to the interval
described below;

Initial: after 80,000
hours passed

After sccond time;

It is determined to

implement after every

eight years or 60,000 ~

80,000 hours.
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Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspection

C Inspection

2. Initial Periodical
Inspection

3, Periodical Inspection after
Long-Term Qperation

Measures taken in Daily
Maintenance

Remarks

(3) Diaphragm, Nozzle
Stationary Blade

To inspect Nozzle at the
first stage of high
pressure, intermediate
pressure, respectively.

Diaphragm will be
inspected in the condition
being attached to casing.
As the occasion demands,
the following will be
implemented,

PT test

Clearance Measurement

Measurement of Throat

To inspect upper side of
nozzle at the first stage of
high pressure,
intermediate pressure,
respectively.

As the occasion demands,
the following will be
implemented.

PT test

Measurement of Throat

Under the confines of the
following measures being
not implemented at all,
inspection is to be
performed.

Surface Hardening
Treatment

Simultancous opening -
closing method of
multi-valves.

(combined governing, 2, 3
admission)

Scale blow equipment

Adoption of improved
material to secondary
superheater tubes and
reheater tubes of boiler
(8US347 or shot peening)

Consideration of
operation control
{Variable pressure
operation, DSS)

As the occasion demands,
the following inspections
will be executed.

PT test

Mecasurcment of Throat

To implement periodical
inspection based on
standard peried, A
Inspection

Excluding the following, the
case is same as periodical
inspection based on standard
period.

a. To "B" inspection of
periodical inspection
based on standard period,
the following is to be
added.

The inspection will be
implemented in the
condition keeping
diaphragm attached to
casing.

Surveiltance of Shaflt
Vibratlion

Surveillance of Steam
Pressurc after First Stage

Management of Internal
Efficiency of Turbine

Surveillance of
Temperature Change
after First Stage

It is recommendable to
inspect after removing
diaphragm every 4 ~ 8
years.

(4) Bearing

a.

Visual inspection will be
implemented on bearing
portion

To implement periodical
inspection based on
standard period, A
Inspection

Excluding the following, the
case is same as periodical
inspection based on standard
period.

a. To implement periodical
inspection based on
standard period, A
Inspection,

b. To "B" inspection of
periodical inspection
based on standard period,
the following is to be
added,

+ Visual inspection will be
executed on bearing
_portions.

Surveillance of Metal or
Temperature of Supply -
Discharge Qil

Surveillance of Shaft
Vibration

Control of Shaft Voltage
Confirmation of

Discharge Oil Quantity,
Oil Color.

Whenever necessary, in
accordance with the
period of turbine shaft
removal, the inspection
will be implemented.
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Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspection

C Inspection

2. Initial Periodical
Inspection

3. Periodical Inspection after
Long-Term Operation

Measures taken in Daily
Maintenance

Remarks

(5) Main Valves

[Main Stop Valve
Steam Governing Valve
Reheat Stop Valve
Intercept Valve]

Disassembling each valve,
strainer, valve body, valve
seat, etc. will be
inspected.

As the occasion demands,
the following will be
implemented.

Subsidiary Valve of Main
Stop Valve will be -
inspected.

As the occasion demands
PT test will be
implemented.

Under the confines of the

following measures being
not implemented for
subsidiary valve of main
stop valve at all,
inspection is to be
petformed.

Anti-Corrosion Type

To implement periodical
inspection based on
standard period, A
Inspection

Excluding the following, the
case is same as periodical
inspection based on standard
period,

a. To implement periodical
inspection based on
standard period, A
Inspection.

Confirmation of
Vibration, Noise

Confirmation of Steam
Leakage

Confirmation of
Loosened Bolts, etc.

a. Inspection performed by

disassembling for each
valve is recommendable
io be implemented every
4 7 6 years.

PT test Valve Working Test
: b. To "B" inspection of
Ciearance Measurement Adoption of improved periodical inspection
material to superheater - based on standard period,
Bending Measurement reheater tubes (SUS347, the following are to be .
shot peening treatment added.
tubes)
Disassembling each valve,
Scale blow equipment strainer, valve body, valve
seat, etc, will be
Consideration of inspected.
operation control
(variable pressure As the occasion demands,
operation, DSS) the following will be
implemented
As the occasion demands,
PT test will be executed, PT test
(6} Speed Governing Visual inspection will be Same as described in the Same as described in the To implement periodical | Contents are to be same as Greasing It is recommendable to

Device

[Emergency Stop Device,
etc.]

implemented on link
mechanism of governor,
emergency governor, trip
mechanism, ete,

Working test of auxiliary
oil pump for emergency
stop device, etc. will be
implemented.

relevant to "A" Inspection
item.

.Same as described in the

relevant to "A" Inspection
item,

relevant to "A" Inspection
item.,

Same as described in the
relevant to "A" Inspection
itetn.

inspection based on
standard period, "A"
Inspection.

petiodical inspection based on
standard period.

Coanfirmation of
Loosened Bolts and
Whirl-Stop of Pins

Confirmation of Oil
Leakage

Working Test

implement the following
inspections every 4 ~ 8 years

a. Inspection of wear and
rust condition of lever,
link mechanism.,

b. Tmspection of
contamination of foreign
material, wear condition
of servo-valve, solencid
valve and their wear
condition.

c. Inspection of wear
condition of hydraulic
operation equipment.
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Essential Equipment

1. Periodical Inspections based on Standard Periods

A Inspection

B Inspection

C Inspection

2. Initial Periodical
Inspection

3. Periodical Inspection after
Long-Term Operation

Measures taken in Daily Remarks
Maintenance

(7) Condenser

Opening water box,
inspection will be
implemented inside and
small tubes.

As the occasion demands,
the following will be
implemented.

Leakage Test of Small
Tubes (Filling Water)

Vortex Flaw Detective
Test of Small Tubes.

To implement peripdical
inspection based on
standard period, "A"
Inspection,

Excluding the following, the
case is to be same as
periodical inspection based on
standard period.

a. To "B" inspection of
periodical inspection
based on standard period,
the following is to be
added.

Opening water box, the

inside and small tubes are

to be inspected.

Surveillance of Leakage

Surveillance of Electric
Anticorrosion Device

Operation and Control of
Prevention Device of
Contamination of Foreign
Material.

Operation and control of
Cleaning Device.

Implementation of Back
Washing.

(8) Auxiliary Equipment
of Steam Turbine

(A) Feed Water Heater

Opening water chamber,
the inside and small tubes
will be inspected.

As the occasion demands,
leakage inspection of
water supply side wiil be
implemented.

To implement periodical
inspection based on
standard period, "A"
Inspection.

Excluding the following, the
case is to be same as

periodical inspection based on

standard period.

a. To implement periodical
inspection based on
standard period, "A"
Inspection.

b, To "B" Inspection of
periodical inspection
based on standard period,
the following is to be
added.

+  Opening water chamber,
the inside and small tubes
will be inspected.

Surveillance of Opening
of Drain Valve

Surveillance of Water
Level of Drain

Surveillance of
Temperature Difference
of Feed Water

Confirmation of
Allophone (Strange
Noise)

Surveillance of pressurc
Difference of Feed Water

Confirmation of Feed
Water Leakage

Notes; {*)

The inspection means detailed inspection selected checking
portion at the approaching time of rapture strength, which
is 100,000 hours determined as design criteria of strength of
thermal power plant facilities,
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Appéendix 5-7
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