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Optimum Replacement Times for a Steam Generator
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This paper considers the optimum replacement times of a steam generator in nuclear power plant with
failure data. It is assumed that the failure pattern of units is given as a Weibull distribution and repair and
periodic preventive maintenance are performed periodically. The maximum likelihood method is used to
estimate the Weibull parameters of failure distribution from failure data. Replacement, output-decreasing
and maintenance costs are considered to determine the optimal replacement times by simulation.
Numerical examples are included with actual failure data and cost estimators.
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A 271.03 16.06 0 0 183.71 3.42 87.32 13.34

1 1114.75 1.64 1000 0 114.75 1.64 0 0

2 1102.65 1.71 1000 0 102.65 1.71 0 0

3 1093.26 1.44 1000 0 93.26 1.44 0 0

4 1087.02 0.97 1000 0 87.02 0.97 0 0

5 1083.41 0.74 1000 0 83.41 0.74 0 0

6 1082.34 0.88 1000 0 82.34 0.88 0 0

7 1083.46 0.73 1000 0 83.46 0.73 0 0

8 1087.34 1.09 1000 0 87.35 1.09 0 0

9 1093.92 0.99 1000 0 93.92 0.99 0 0

10 1103.03 1.51 1000 0 103.03 1.51 0 0

11 1116.38 1.47 1000 0 116.38 147 0 0

12 1132.90 248 1000 0 132.90 2.48 0 0

13 1170.66 8.09 1000 0 152.65 3.02 18.01 5.68
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BN 3996.39 77.2 0 0 679 7.92 3316.90 69.64
1 2874.04 62.2 “1000 0 444.80 6.80 1429.24 55.77
2 2373.62 45.72 1000 0 384.00 5.77 989.62 40.50
3 1991.85 45.06 1000 0 335.31 5.80 656.54 39.75
4 1695.73 35.64 1000 0 293,37 5.14 402.37 30.89
5 1466.96 27.22 1000 0 257.95 492 209.01 22.63
6 1311.50 15.65 1000 0 229.07 3.21 82.43 12.81
7 1227.49 11.92 1000 0 208.43 3.74 19.06 8.57
8 1193.55 2.80 1000 0 193.55 2:80 0 0
9 1184.83 2.38 1000 0 184.83 2.38 0 4]
10 1181.20 2.43 1000 0 181.20 2.43 0 0
11 1184.97 2.23 1000 0 184.98 . 2.22 0 0
12 1193.70 2.76 1000 0 193.70 2.76 0 0
13 1229.61 9.03 1000 0 210.23 2.67 19.38 6.88
14 1328.39 17.09 1000 0 232.84 3.75 95.55 13.93
15 1484.46 24.72 1000 0 261.34 4,32 223.13 21.14
16 1725.76 35.92 1000 0 297.88 5.30 427.87 30.82
17 2032.90 4336 1000 0 339,21 5.69 693.69 38.08
18 2446.18 67.01 1000 0 391.10 7.17 1055.08 60.25
19 2912.12 61.73 1000 0 447.20 6.79 1464.92 55.23
20 3538.77 66.11 1000 0 516.93 7.38 2021.83 59.08
21 4190.16 87.29 1000 0 588.36 9.18 2601.80 78.55
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oA 1354.69 37.01 0 0 273.39 4.06 1081.29 33.16
1 1556.33 21.09 940.86 0 177.28 2.31 438,18 18.97
2 1346.36 18.92 885.22 0 156.39 2.45 304.74 16.70
3 1167.17 14.28 832.88 0 138.11 2.34 196.17 12.20
4 1022.33 8.89 783.63 0 123.26 1.51 115.43 7.60
5 910.61 6.34 737.29 0 111.89 1.16 61.42 5.52
6 821.22 5.48 693.69 0 103.23 141 24.29 431
7 755.57 3.59 652.67 0 97.26 1.33 5.63 2.44
8 708.22 1.06 614.07 0 94.15 1.06¢ 0 0
9 671.11 0.95 577.76 0 93.34 0.95 0 0
10 638.54 1.13 543.59 0 94.94 1.13 0 0
11 611.02 1.09 511.45 0 99.56 1.09 0 0
12 587.13 1.52 481.21 0 105.92 1.52 0 0
13 575.46 4.04 452.75 0 114.04 1.69 8.66 2.73
14 595.08 7.75 " 42598 0 125.22 1.94 43.88 6.09
15 639.39 12.28 400.79 0 138.26 2.34 100.34 10.34
16 706.76 15.87 377.09 0 152.00 2.63 177.66 13.52
17 802.02 16.09 354.79 0 168.10 251 279.12 13.82
18 933.02 22.53 333.81 0 187.76 2.97 411.44 19.92
19 1073.27 23.40 314.07 0 206.11 3.27 553.08 20.44
20 1235.65 26.94 295.50 0 227.64 3.37 712.50 23.74
21 1423.36 32.71 278.02 0 249.74 3.82 895.59 29.20
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A 513.16 11.00 0 0 128.45 1.58 384.71 9.65
1 1116.11 7.43 887.74 0 82.98 1.10 145.39 6.47
2 958.37 5.20 788.08 0 73.98 0.99 96.29 4.38
3 828.59 487 699.62 0 67.39 0.85 61.57 4.14
4 719.53 3.63 621.08 0 62.19 0.74 36.26 3.00
5 627.89 2.77 551.36 0 58.36 0.75 18.16 2.09
6 552.28 1.51 489.46 0 55.90 0.51 6.90 1.11
7 491.01 1.19 43452 0 54.92 0.60 1.56 0.70
8 440.72 0.72 385.74 0 54.97 0.72 0 0
9 398.57 0.68 342.44 0 56.13 0.68 0 0
10 362.10 0.82 304.00 0 58.10 0.82 0 0
11 331.35 0.86 269.87 0 61.48 0.86 0 0
12 304.55 0.97 239.57 0 64.97 0.97 0 0
13 287.20 2.38 212.68 0 69.87 0.96 4,64 1.64
14 284.95 4.13 188.80 0 75.25 1.21 20.88 3.13
15 293 .44 5.55 167.61 0 81.03 1.38 44.79 4.48
16 315.54 7.54 148.79 0 87.44 1.55 79.30 6.10
17 344.16 8.54 132.09 0 93.50 1.59 118.56 7.16
18 384.78 12.08 117.26 0 100.62 1.70 166.88 10.63
19 425.31 10.67 104.10 0 107.12 1.53 214.08 9.30
20 480.54 11.09 92.41 0 114.55 1.71 273.57 9.61
21 528.22 13.41 82.04 0 120.84 1.94 325.34 11.74
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