BEKEETFOBEXEREECH T BIER T LA OEE
RELRYT — I DRI RIFS BE

Influence of Chemical Spray Injection during Severe Accident Conditions in
Boiling Water Reactors on Insulation Performance of Safety-related Cables
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Some safety-related cables installed in boiling water reactors in Japan are likely to be exposed to an aqueous
solution of sodium hydroxide (NaOH) during a severe accident (SA). For examining the integrity of cables
insulated with flame-retardant ethylene propylene diene rubber (FR-EPDM) and those insulated with
silicone rubber (SiR), cable samples were subjected to the test that simulated a SA. Namely, after the cables
were pre-aged to simulate the degradation induced in the normal operating conditions, they were irradiated
by gamma rays and subsequently sprayed with a NaOH solution with a pH of 13 for 168 h in saturated steam
at 171 °C. It was found that the insulation resistance per meter during the steam exposure is higher than 107
Qm in the FR-EPDM cable. In contrast, a dielectric breakdown was observed in the SiR cable during the
steam exposure. Visual observation conducted afterward indicates that the breakdown was caused by

depolymerization of the SiR insulation.

Keywords: nuclear power plant, boiling water reactor, severe accident, cable, ethylene propylene diene rubber,
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Table 1 Names, materials, structures, and lengths of the tested
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Material Nominal| Nominal Nominal | [ .,
Name (I: Insulation, external | conductor | Number | insulation
J: Jacket) diameter | size | of cores | thickness
(mm) (mm’) (mm)
l:ﬂll:kllme-retardlant
R ethylene propylene
FREPOM dicne rubper 1.5 | 20 3 0.8
cable 1J: Polychloroprene
rubber
: I: Silicone rubber
SiR cable J: Glass bradmg 10.5 2.0 3 1.1
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Voltage withstand test

¥
Voltage withstand test
(JIS C 3005: 2000)

(Equivalent to IEEE Std 383)

(a) IEEJ Method [10] (b) JNES Guide [11]

Fig. 1 Test procedures of the IEEJ Method [10] and the JNES
Guide [11].
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Table 2 Conditions of pre-aging and accident test and insulation resistance measurement

. Steam exposure
. Radiation Test . Insulation resistance
Cable name Pre-aging exposure Teomp. time Chemical m ent result Referenced standard
(kGy) O | spray
0 171 1638 - > 107 Qm - (Untreated)
- 800 171 1638 - > 10" Qm 6.2.2 of IEEE383 [15]
100 °C and 100 Gy/h for 6,990 h 800 171 168 - > 10’ Qm INES Guide [11]
FR-EPDM | 121 °Cfor532h 1010 171 168 - > 10" Qm IEEJ Method [10]
cable - 0| 171 168 | Applied > 10’ Qm - (Untreated)
- 800 171 168 | Applied > 10’ Qm 6.2.2 of IEEE383 [15]
100 °C and 100 Gy/h for 6,990 h 800 171 168 | Applied > 10’ Qm INES Guide [11]
121 °C for 532 h 1010 171 168 Applied > 10" Qm IEEJ Method [10]
- 0| 171 168 - > 10" Qm - (Untreated)
- 800 171 168 - > 10" Om 6.2.2 of IEEE383 [15]
SiR cable 100 °C and 100 Gy/h for 6,241 h 800 171 168 - > 10" Om INES Guide [11]
- 0 171 168 | Applied Measurable until 159 h | - (Untreated)
- 800 171 168 | Applied Measurable until 95h | 6.2.2 of IEEE383 [15]
100 °C and 100 Gy/h for 6,241 h 800 171 168 | Applied Measurable until 38 h | JNES Guide [11]
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Fig. 2. Various temperature and pressure profiles; 1) steam
exposure under conditions 1 and 2 of this study, 2) in a
primary containment vessel under the postulated SA for
BWRs in Japan [16-19].
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Fig. 3. Insulation resistances per meter as a function of
time, during the saturated steam exposure at 171 °C for 168
h (condition 1), measured for the two cables.
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Fig. 5. Cables after the saturated steam exposure at 171 °C for 168 h with spraying of aqueous solution of NaOH
(condition 2). The red sqare in (a) indicates the zoomed area shown in (b).
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