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To perform ultrasonic testing (UT) thickness measurement of the secondary side piping installed in nuclear
power plants, the insulation for preventing heat loss should be removed. The type of insulation can be
divided into fixed and removable insulation. Fixed and removable insulation have their own strengths and
weaknesses. Removable insulation has been installed in the components susceptible to wall thinning caused
by FAC and erosion from Shin-Kori unit 1, which commenced its commercial operation in 2011. In this
paper, the number of repeated inspections of components and the number of replacements of fixed insulation
were estimated and a more economical way was identified based on the manufacturing and installation

costs for fixed and removable insulation.
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ECONOMIC ANALYSIS OF INSTALLING FIXED AND REMOVABLE INSULATION FOR PIPE WALL THINNING MANAGEMENT

Fig. 1. Pictures of damaged fixed-insulation.
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Fig. 2. Thermal imageries of piping with removable insulation.
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Table 1. UT inspection status by cycle for four operating plants

Unit Item 1 2 3 5 6 7 8 9 10 11 AVG
Cycle R-15 | R-16 | R-17 | R-18 | R-19 | R-20 | R-21 | R-22 - - - -
Inspection number by cycle 149 | 143 | 144 | 258 | 128 | 237 | 485 | 110 - - - 206.75

A |Repeated inspection number 0 16 22 22 15 252 54 - - - 49.38
Newly inspected number 149 | 127 | 122 | 244 | 106 | 222 | 233 56 - - - 157.38
Newly inspected rate, % 100 | 88.81 | 84.72 | 94.57 | 82.81 | 93.67 | 48.04 | 5091 | - - - 80.44
Cycle R4 | R5 | R6 | R7 | R-8 | R9 |R-10 | R-11 | R-12 - - -
Inspection number by cycle 77 129 | 198 | 151 | 195 | 171 | 148 | 119 | 145 - - 148.11

B |Repeated inspection number 0 19 38 55 38 71 64 66 - - 44.67
Newly inspected number 77 110 | 160 | 100 | 140 | 133 77 55 79 - - 103.44
Newly inspected rate, % 100 | 85.27 | 80.81 | 66.23 | 71.79 | 77.78 | 52.03 | 46.22 | 5448 | - - 70.51
Cycle R-11 | R-12 | R-13 | R-14 | R-15 | R-16 | R-17 | R-18 | R-19 | R-20 | R-21
Inspection number by cycle 45 193 | 117 | 143 | 146 | 387 | 345 | 171 | 259 | 189 | 224 201.73

C |Repeated inspection number 0 15 8 38 68 125 | 109 | 192 | 114 | 119 74.55
Newly inspected number 45 178 | 109 | 111 | 108 | 319 | 220 | 62 67 75 105 127.18
Newly inspected rate, % 100 |92.23 193.16 | 77.62 | 73.97 | 82.43 | 63.77 | 36.26 | 25.87 | 39.68 | 46.88 66.53
Cycle R-13 | R-14 | R-15 | R-16 | R-17 | R-18 | R-19 | R-20 | - - - -
Inspection number by cycle 179 | 185 | 244 | 248 | 205 | 203 | 261 | 279 - - - 225.50

D |Repeated inspection number 0 28 28 53 92 118 | 105 - - - 58.88
Newly inspected number 179 | 157 | 216 | 201 | 152 | 111 | 143 | 174 - - - 166.63
Newly inspected rate, % 100 | 84.86 | 88.52 | 81.05 | 74.15 | 54.68 | 54.79 | 62.37 | - - - 75.05

Table 2. Number of inspected components over three times of two operating plants

Unit |, Totl I 2 3 4 5 6 7 8 9 | 10 | 11 | Tmspection rate
inspection number over 3 times, %
R-11 | R-12 | R-13 | R-14 | R-15 | R-16 | R-17 | R-18 | R-19 | R-20 | R-21
C 1,399 15.7
0 0 0 9 19 33 63 96 150 | 185 | 219
R-13 | R-14 | R-15 | R-16 | R-17 | R-18 | R-19 | R-20 - - -
D 1,333 7.8
0 0 3 13 27 45 84 104 - - -
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Fig. 4. Distribution chart of inspected components over three times
of two operating plants.
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Table 3. Estimated number for inspection and replacement of fixed-insulation during operation of new plants

New| New Repeat Number of repeated inspection over 3 times Replace
Cyc | Mon In.spec Inspe| Inspect ed number of
fe | s | Y] G ctonl ion | TR Rl | R2 | R3 | R4 | RS | R6 | R7 | R8 | RO |Ri0|RI1|RI12|R13| R14|RIS| [ ¢

% No. No. Insulation
1] 16 | 133 |30 {100 30 | o | o | o [ o | 0 0 0 0 0 o lo|lo|o]o]o]o 0
2| 32 | 267 |60 |91] 55 | s ol oo | oo 0 0 0 o lo|lo|o]o]o]o 0
3 48 [ 400 [90 [83| 75 [ 15| o | o | o ofo 0 0 0 o lo|lo|o]o]o]o 0
4| 64 | 533 |120] 76| 91 | 29 | 7 o | o | o 0 0 0 0 o lo|lo|o]o]o]o 7
s s [667 [150[70|105| 45 | 21| 0o | 0o | o o 0 0 0 o lo|lo|o]o]o]o 14
6| 9 | 800 |200] 64| 120 71 | 41| 0 | 0 | 0 | 0 0 0 0 o lo|lo|o]o]o]o 20
7112|933 [200|60| 120 80 | 66 | 7 o | o | o 0 0 0 o lo|lo|o]o]o]o 33
8 | 128 [ 1067 [200 | 56| 112 | 88 | 98 | 21 | o | o | © 0 0 0 o lo|lo|o]o]o]o 46
9 | 144 [ 1200 [ 200 | 53| 107 | 93 [ 136 | 41 | 0 | 0 0 0 0 0 o lo|lo|o]|o]o]o 57
10| 160 | 1333 {200 | 51| 103 | 97 | 179 | 66 | 7 0 0 0 0 0 o lo|lo|o]]o]o]o 76
11| 176 | 14.67 [ 200 | 50 | 100 | 100 | 229 | 98 | 21 | 0 | © 0 0 0 o lo|lo|o]o]o]o 95
12| 192 | 16.00 [ 200 | 50 | 100 | 100 | 284 | 136 | 41 | 0 | o© 0 0 0 o lo|lo|o]o]o]o 113
13| 208 | 17.33 | 200 | 50 | 100 | 100 | 345 | 179 | 66 | 7 0 0 0 0 o lo|lo|o]o]o]o 138
14| 224 | 18.67 | 200 | 50 | 100 | 100 | 413 | 229 | 98 | 21 | 0 0 0 0 o lo|lo|o]o]o]o 162
15 | 240 | 20.00 | 200 | 50 | 100 | 100 | 486 | 284 | 136 | 41 | 0 0 0 0 o lo|lo|o]o]|o]o 186
16 | 256 | 21.33 | 200 | 50 | 100 | 100 | 565 | 345 [ 179 | 66 | 7 0 0 0 o lo|lo|o]o]o]o 217
17| 272 | 22.67 | 200 | 50 | 100 | 100 | 650 | 413 [ 229 | 98 | 21 | 0 0 0 o lo|lo|o]o]|o]o 247
18 | 288 | 24.00 | 200 | 50 | 100 | 100 | 741 | 486 | 284 | 136 | 41 | 0 0 0 o lo|lo|o]o]o]o 277
19 | 304 | 2533 [ 200 | 50 | 100 | 100 | 838 | 565 | 345 | 179 | 66 | 7 0 0 o lo|lo|o]o]o]o 314
20| 320 [ 2667 [ 150 [ 50| 75 | 75 | 938 | 650 | 413 | 220 | 98 | 21 | © 0 o lo|lo|o]o]o]o 347
21| 336 [ 28.00 [ 150 [ 50| 75 | 75 |1,038| 741 | 486 | 284 | 136 | 41 | o© 0 o lo|lo|o]o]o]o 377
22( 352 [ 2933 [ 150 [ 50| 75 | 75 |1,138) 838 | 565 | 345 | 179 | 66 | 7 0 o lo|lo|o]o]o]o 414
23| 368 [ 3067 [ 150 | 50| 75 | 75 |1,238| 938 | 650 | 413 | 229 | 98 | 21 | o© o lo|lo|o]o]o]o 447
24| 384 [ 3200 [ 150 | 50| 75 | 75 |1,338|1,038| 741 | 486 | 284 | 136 | 41 | © o lo|lo|o]o]o]o 477
25| 400 [ 3333 [ 150 [ 50| 75 | 75 |1438| 1,138 838 | 565 | 345 | 179 | 66 | 7 o lo|lo|o]o]o]o 514
26| 416 | 34.67 | 150 | so| 75 | 75 [1,538]1,238| 938 | 650 | 413 | 229 | 98 | 21 | o | 0o | o [ o | o | 0] o0 547
27| 432 [36.00 [ 150 | 50| 75 | 75 | 1,638 1,338 | 1,038 741 | 486 | 284 | 136 | 41 | o | o | o | o | o | 0| o 577
28| 448 [ 3733 [ 150 | 50| 75 | 75 | 1,738 | 1,438 | 1,138 | 838 | 565 | 345 | 179 | 66 | 7 | 0o | 0o | o | 0o | 0o | 0 614
29| 464 [ 3867 [ 150 | 50| 75 | 75 | 1,838 1,538 | 1,238 938 | 650 | 413 | 220 | 98 | 21 | 0 | 0 | 0o | 0 | 0 | 0 647
30 | 480 | 40.00 | 150 | 50 | 75 | 75 | 1,938 1,638 1,338 1,038 | 741 | 486 | 284 | 136 | 41 | 0o | 0 | 0o | 0o | 0 | 0 677
31| 496 | 4133 [ 150 | 50| 75 | 75 |2,038|1,738|1,438|1,138| 838 | 565 | 345 | 179 | 66 | 7 | 0o | 0o | o | o | o 714
32| 512 [ 4267 [ 150 | 50| 75 | 75 |2,138|1,838)1,538|1,238| 938 | 650 | 413 | 2290 | 98 |21 | 0 | 0o | 0o | 0 | © 747
33| 528 [44.00 [ 150 | 50 | 75 | 75 |2,238 1,938 | 1,638 | 1,338 | 1,038 | 741 | 486 | 284 | 136 | 41 | 0 | 0o | o [ o | © 777
34| 544 [ 4533 [ 150 | 50| 75 | 75 |2,338 2,038 | 1,738 | 1,438 | 1,138 | 838 | 565 | 345 | 179 | 66 | 7 | 0 | 0o | o | © 814
35| 560 | 46.67 | 150 | 50 | 75 | 75 |2.438[2,138 1,838 (1,538 | 1,238 | 938 | 650 | 413 | 229 [ 98 | 21 | 0o [ 0 | o | © 847
36 | 576 | 48.00 [ 150 | 50 | 75 | 75 |2,538[2,238 1,938 (1,638 1,338 (1,038 | 741 | 486 | 284 [136| 41 | 0o [ 0 | o | 0 877
37| 592 | 4933 [ 150 | 50 | 75 | 75 |2.638|2,338|2,038|1,738 | 1,438 | 1,138 | 838 | 565 | 345 | 179 | 66 | 7 | 0 | o | o 914
38| 608 | 50.67 | 150 | 50 | 75 | 75 |2,738|2,438|2,138| 1,838 | 1,538 | 1,238 | 938 | 650 | 413 | 229 98 | 21 | 0 | 0 | © 947
39 | 624 | 5200 | 150 | 50 | 75 | 75 |2,838|2,538 2,238 (1,938 | 1,638 | 1,338 | 1,038 | 741 | 486 | 284 | 136 | 41 | o | 0 | © 977
40 | 640 | 5333 [ 150 | 50| 75 | 75 |2,938 2,638 2,338 | 2,038 | 1,738 | 1,438 | 1,138 | 838 | 565 | 345|179 | 66 | 7 | 0 | © 1,014
41| 656 | 5467 [ 150 | 50| 75 | 75 |3,038 2,738 |2.438 | 2,138 | 1,838 | 1,538 | 1,238 | 938 | 650 | 413|229 | 98 | 21 | 0 | O 1,047
42| 672 [ 56.00 [ 150 | 50 | 75 | 75 |3,138 2,838 2,538 | 2,238 | 1,938 | 1,638 | 1,338 | 1,038 | 741 | 486 | 284 | 136 | 41 | 0 | o 1,077
43| 688 [ 5733 [ 150 | 50| 75 | 75 |3.238 2,938 2,638 | 2,338 | 2,038 | 1,738 | 1,438 | 1,138 | 838 | 565 | 345 | 179 | 66 | 7 | 0 1,114
44| 704 | 58.67 | 150 | so | 75 | 75 [3,338]3,038 (2,738 (2,438 [ 2,138 | 1,838 | 1,538 | 1,238 | 938 | 650 | 413 [ 229 | 98 | 21 | 0 1,147
45 [ 720 [ 60.00 [ 150 | 50 | 75 | 75 |3.438 3,138 | 2,838 | 2,538 | 2,238 | 1,938 | 1,638 | 1,338 | 1,038 | 741 | 486 | 284 | 136 | 41 | 0 1,177
Sum| - - - | - |3776|3374| - - - - - - - - - e - - - 283
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