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Cable Functional Failure Temperature Evaluation of Cable Exposed
to the Fire of Nuclear Power Plant
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ABSTRACT

The fire event occurred in fire proof zone often causes serious electrical problems such as shorts,
ground faults, or open circuits in nuclear power plants. These would be directed to the loss of safe
shutdown capabilities performed by safety related systems and equipments. The fire event can treat
the basic design principle that safety systems should keep their functions with redundancy and inde-
pendency. In case of a cable fire, operators can not perform their mission properly and can misudge
the situation because of spurious operation, wrong indication or instrument. These would deteriorate
the plant capabilities of safety shutdown and make disastrous conditions. In this paper, investigation
and cause analysis of cable fire in Nuclear Power Plant, we described the cable fire temperature and
functional failure criteria and the cable functional failure temperature evaluation by exposed fire is

studied.

Key words: Cablefire, Shorts, Ground fault, Circuit, Safety shutdown, Nuclear power plant
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Figure 1. Number of fire events in USA NPP (1995~2007).

Table 1. Case of Fire Events at U.S. NPPs (June 2008)

Number of | Percent of Total
Cause of Fire Reported Reported Fire
Fire Events Events
Electrical-related 51 41
Maintenance-related 17 14
Qil-based lubricants
. . 9 7
or insulation
Other causes 48 38
Total 125 100
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Table 2. Damage Criteria for Electric Cable Fire

Temperature | Radiant Heat
Cable Type Criteria Criteria
Thermoplastic Cable 205 (400) 6 kw/m?
Thermoset Cable 330 (625) 11 kw/m?
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Table 3. Case Sample Tests for Therma Damage
Cable Insulation Failure No of Recom_mended
Material Temp. Tested Failure
Range (°C) | Samples | Threshold (°C)
XLPO/XLPE 299~388 13 299
EPR 370~400 16 370
Silicone Rubber 396~400 2 396
Kerite FR 372~382 2 372
Polyimide Kapton 399 1 399
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Table 4. Detail Specification for A Plant Sample Cables

NECRETEEC AT
m] | mmd | [mm] | [kgm]
1 13.233 137.463 1.673 0.265
2 19.250 209.892 1.688 0.576
3 12.379 120.293 1.686 0.162
4 11.621 106.012 1.908 0.178
5 13.269 138.212 2.496 0.224
6 16.375 201.490 1931 0.473
7 18.238 261.110 1.950 0.606
8 18.156 258.766 2272 0.547
9 7.219 40.909 1931 0.096
10 11.731 108.029 1.950 0.182
11 6.188 30.059 1.910 0.060
12 10.625 66.610 2272 0.156
13 10.621 88.552 1511 0.183
14 6.292 31.076 3.110 0.063
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Table 5. Cable Temperature of Korean Sample Cable by Open Tray Closed Tray
Using THIEF Model

97 | FWA | Jacket | 300% 570%
No| (@) (A) A | BT | A=

[mm] | [mm?] | [mm] [°C] [°C]
113233 | 137463 | 1673 | 261 373
2 | 19.250 | 209.892 | 1.688 | 204 311
3| 12379 | 120293 | 1.686 | 319 403
4| 11621 | 106012 | 1.908 | 301 398
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Table 6. The Result Summary from the IRMS Diagnostic Tests

D Type Penlight Shrpud Temp. (°C) Corresponding '!'i me of 1st Cablle Temp. at
Setting Prior to Failure Heat Flux (KW/m?) Failure after on Failure (°C)

1 Instru. 475 145 2906 421
3 Instru. 450 12.6 2501 435
5 Control 450 126 2452 404
8 Control 375 8.1 1859 411
10 Power 450 12,6 2593 525
13 Power 450 126 2548 475
Instru. 450 12.6 639 468
Instru. 450 12.6 485 377
Control 450 126 790 492
Control 450 12.6 637 442
10 Power 440 11.9 735 545
13 Power 450 126 485 398
Hd 2=(°C) 449
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