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A Study on Heat-Flux Evaluation for Cable Fire Including Diagnostic
Methodology for Degradation in Nuclear Power Plants
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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 independency. In case of a multi-core cable fire, operators
can not perform their mission properly and can misjudge the situation because of spurious operation, wrong indica-
tion or instrument. These would deteriorate the plant capabilities of safety shutdown and make disastrous conditions.
In this paper, the characteristic of cable fire is investigated and the heat-flux evaluation for cable fire is studied.
Moreover, a diagnostic methodology for degraded cable in nuclear power plants is presented.
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Fig. 1. Number of fire events in USA NPP(1995~2007).

Table 1. Case of fire events at US. NPPs{June 2008)

Information on report causes of fires at nuclear units
from January 1995 through December 2007

Number of reported Percent of total
Cause of fire
fire events reported fire events
Electrical-related 51 41
Maintenance
-related 17 14
Oil-based lubricants
) . 9 7
or insulation
Other causes 48 38
Total 125 100
Source : GIAO analysis of NRC data
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Fig. 2. Cable fire effects(excerpted from NUREG/CR-6834).
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Table 2, Damage criteria for electric cable fire

Cable type Temperature criteria | Radiant heat criteria
Thermoplastic cable 205 °C(400°F) 6 kw/m’
Thermoset cable 330°C(625°F) 11 kw/m’

21



Table 3. Case sample tests for thermal damage

Table 4. Case sample tests for thermal damage

Cable insula- | Failure temp. | No of tested | Recommended

tion material range( C) samples failure threshold
XLPO/XLPE 299~388 13 299
EPR 370~400 16 370
Silicone rubber|  396~400 2 396
Kerite FR 372~382 2 372
e 399 I 399
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FR-XLPE : flame retardant cross-linked polyethylene | E743}14
XLPE : cross-linked polyethylene dA4s4
CSPE : chloro-sulfonated polyethylene EA34
EPR : Ethylene propylene rubber 27334
CPE : Chlorinated-Polyethylene VA
XLPO : cross-linked polyolefin 4754
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Fig. 3. Electrical cable construction and configuration,
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Fig. 4. Ratio of cable instaliment for A plants,
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Fig. 5. Koreans NPPs' sample cables,
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Table 5, Detail specification for Korean NPPs' sample cables

O 730y | FHH(A) | Jacket 7 | Insufjacket | THAHF
[mm} [mm’} [mm] [material] {kg/m]
{ 13.233 137.463 1.673 TS/TS 4.265
2 19.250 209.892 1.688 TS/TS 4.576
3 12.379 120.293 1.686 TS/TS 0.162
4 11.621 106.012 1.908 TS/TS 0.178
5 13.269 138.212 2.496 TS/TS 0.224
6 16.375 201.490 1.931 TS/TS 0.473
7 18.238 261.110 1.950 TS/TS 0.606
8 18.156 258.766 2272 TS/TS 0.547
9 7.219 40.909 1931 TS/TS 0.096
10 11.731 108.029 1.950 TS/TS (4.182
i1 6.188 30.059 1.910 TS/TS 0.060
12 10.625 66.610 2.272 TS/TS 0.156
13 10.621 88.552 1511 TS/TS 0.183
14 | 6202 | 3107 | 3110 | TSTS | 0063
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Penlight Shroud and Cable Temperatures with Overlay of First
Electrical Failure
{C1 to Drain Wire C4) for Penlight Test 1 (XLPE, 3-C, in Tray)
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Fig, 6. Sample graph for fire experimental test for PT-01 cable,
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Table 6. Comparison .of threshold time by experiment and 2400
THIEF modeling _ _ ; m} EZ::: g W/; -/ /
o | S| e | an0| Ao |y || 8 sy S
Themostates ] ? 1800 1 ,é/;; /// o
PT-1 | 14 | XLPE/CSPE | 400 | 800 | 800 [ 712 1 ,,Df_ 4 /,;.0
PT-2 | 14 | XLPE/CSPE | 400 761 | 747 | T2 £ a7 /,/
PT-3 | 14 | XLPEACSPE | 400 | 694 | 671 |- 712 : o ///; /,.f
PT-7 | 14 | XLPE/CSPE | 400 | 1660 | 2196 | 1765 £ ),/j/ //”
PT-9 | 14 | XLPE/CSPE | 400 | 1009 | 1115 | 920 fg /// /',9 e
PT-11| 10 | XLPEASPE | 400 835 | 993 | ‘700 ot 43
PT-12| 10 | XLPE/CSPE | 400 | 740 | 887 | 700 600 - . /fg,'
PT-13| 10 | XUPE/CSPE | 400 | 761 | 885 | 700 o ° Hok
PT-17| 2 EPR/CPE 400 545 | 533 | 600 4 2
PT-18| 9 | SR/Aramid | 400 157 | - 216 0 . . .
PT19| 8 |XLPO/XLPO| 400 | 710 | 810 | Si6 ° e 800 o 0
PT-20| 3 | XLPERVC | 400 585 | 575 | 562 - - X
Mol 1 TEP/TED 200 518 | 530 e Fig. 7. !t’.;nszirtamty analysis for experiment and THIEF model
PT-23| 10 | XLPE/CSPE | 400 | 1488 | 1434 | 1608 '
Pr24] 10 | XLPE/CSPE 400 1532 | 1608 | 4608 Table 7. Specific data for Korean sample cables
Thermoplastics o | =A |5 ] } = Z_“ é_}%k el AA | weldo)
PT4 | 5 | PVCRVC 200 | 588 | 631 | 625 nNo| 7 | FEH | BE | EE | 3% TF
PT-5| 5 PVC/PVC 200 639 | 649 | 625 ™ | [mm)) [%] [%] | [ke/m3] | [ke/m]
PT-6 | 5 PVC/PVC 200 693 | 571 | 625 1] 6 11361 | 82 382 | 19273 | 0265
PT-8 | 5 PVC/PVC 2000 | 1570 { 1692 | 4775 2| 14 | 25979 | 89 404 | 19804 | 0576
PT-10} 5 PVC/PVC 200 599 | 807 | 720 3| 2 3416 238 168 | 15144 | 0182
PT-14| 15 PE/PVC 200 715 | 750 | 525 41 3 5299 5.0 26 | 16797 | 0178
PT-15| 15 PE/PVC 200 378 | 471 | 3 50 9 | 26180 | 124 | 495 | 22493 | 0473
PT-16 | 15 PE/PVC 200 532 | 566 |37 6] 12 | 34907 | 134 516 | 2,3206 | 0.606
PT-21| 1 PVC/PVC 200 342 | 598 | 530 7| 2 5.818 42 233 | 16193 | 0224
PT-25] 15 PE/PVC 200 | 1382 | 1467 |- 1362 81 9 | 27558 | 106 | 451 | 21124 | 0547
9] 4 5808 | 142 533 | 2,3840 | 0.098
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Table 8, Cable temperature of Korean sample cable by use Sk Z1eud 27 MHz theie) A BEHRY AR
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{mm] | [mo) | pom] |[materia]] [C] (] 0] A(S/N) ‘f’]a 7FAE ik oS AAsted £
1] 13233 | 137463 | 1673 | TS/TS | 26l I Hibd Ade Boto] A AReA I3t A3 A
2119250 | 209892 | 1.688 | TS/TS | 204 311 o3 4 e
3112379 | 120203 | 1686 | TSTS | 319 403
4| 11621 | 106012 | 1908 | TSTS | 301 398 588
513269 | 138212 | 2496 | TSAS | 292 391
6116375 | 201490 | 1931 | TS/TS | 191 310 Ul G AolE o Py 2ARR
7118238 | 261110 | 1950 | TSTS | 175 287 did oF 107 viel o] SpAARaL st e 1%
8 | 18156 [ 258766 | 2272 | TS/TS | 174 294 A7 delo] oF 1%E AAshs AR £4
9| 7219 | 40909 | 1931 | TS/TS | 351 414 =t 4A Aol iVHE o138t A7|A 754
10| 11731 | 108029 | 1950 | TS/TS | 313 401 A gk FA3Hg A o] S(thermoset cable) 752
11| 6188 | 30059 | 1910 | TS/TS | 396 420 330°C, A7kiAd AlolE (thermoplastic)2- 205 T o]k
12 | 10625 | 66610 | 2272 | TS/TS | 329 407 THIEF 2dlofA ALl Aolg A 3he] &%
13| 10621 | 88552 | 1511 | TS/AS | 68 17 L SRR A o] F 300 ¢ 570004 FA4
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