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Temperature profile evaluation for cable tray arrangements at

NPP by cable internal temperature analysis model (THIEF)
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KEPCO Research Institute (KEPRI)
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Table 1. Damage criteria for electric cable fire

Cable type Temperature criteria Radiant heat criteria
Thermoplastic cable 205°C (400°F) 6kW/m’ (0.5BTU/ft” - sec)
Thermoset cable 330C (625°F) 11kW/m? (1.OBTU/ft? - sec)

Table 2. Cable sample tests for thermal damage (from NUREG/CR-6850)

Cable material Fail temperature (C) |No. of samples |[Recommended ()
XLPO including XLPE 299-388 13 299
EPR 370-400 16 370
Silicone rubber 396-400 2 396
Kerite FR 372-382 2 372
Polyimide or Kapton 399 1 399
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Table 3. Input conditions for fire scenarios

Fire Scenario Case-01| Case-02 | Case-03 | Case—04 | Case-05 | Case-06
Boundary condition Inert condition (default) Steel plate (real situation)
Cable arrangement Air drop| Cable tray | Conduit | Air drop | Cable tray | Conduit
Zone geometry [m] 0.6 x 045 x 045 0.6 x 048 x 048
Number of cells 288,000 327,680
Minimum cell size [m] 0.0075 0.0075
Fire source At outside boundary (walls, ceiling, floor)

Intensity of fire source 15.74 [kW] (480 [T
Fire grow-rate Ultrafast fire

Ambient temperature [C] 24

Fire duration [sec] 1,300
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Figure 3. Cable tray arrangement (air drop / cable tray / conduit)
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Table 4. Analysis result of THIEF modeling

Measure Inert condition (default) | Steel plate (real situation)

Variables Air drop| Conduit |Cable tray | Air drop| Conduit | Cable tray

C1 cable 349.94 | 347.56 345.88 | 321.88 | 348.74 316.67

C2 cable 361.54 332.4 356.66 | 33292 | 333.18 327.15

C3 cable | 34731 | 354.57 34343 | 31943 | 35594 314.38

C4 cable 344.01 | 340.81 340.02 | 31595 | 341.92 310.81

C5 cable 352.05 | 314.61 346.91 323.08 | 315.09 317.11

Cable
Inner
(jacket) C7 cable 350.67 359.46 346.59 322.73 360.87 317.62

temperature
(C)

C6 cable | 354.74 | 313.44 349.43 325.7 31392 319.61

C8 cable 35754 | 321.61 35245 | 32874 | 322.25 322.8

C10 cable | 345.03 353.2 341.21 | 31717 | 354.57 312.16

C11 cable | 313.96 | 361.04 310.31 286.28 | 362.88 282.36

C12 cable | 340.62 354.6 33693 | 312.84 | 356.03 307.92

C13 cable | 33949 | 337.79 33556 | 311.31 | 338.75 306.25

Average | 346.41 | 340.92 | 342.12 | 318.17 | 342.01 312.90

C T
390 1 Inner temperature of air drop and cable tray — 390 1
370 370

NSNS

330 o ; 330 \ 4
310 310
290 290

270 270

Inner temperature of conduit

250 T T T T T T T T T T T 1 250
Ch €2 ¢ ¢ ¢ 6 C7 (8 C10 C11 C12 C13 CT € € ¢4 ¢ 6 C7 (8 C10 C11 C12 C13

| w=b== airdrop-default ==airdrop-steel tray-default ====tray-steel

| === conduit-default ~==fll=conduit-steel |

Figure 4. Inner temperature of cable for air drop/cable tray/conduit for boundary
condition
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