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To examine electrical insulation behavior of cables under severe accident environments, safety-related low 
voltage cables used as “severe accident management equipment” were subjected to the test at 155 oC, which 
simulated highest assumed temperature when proper accident management measures are taken. In addition, 
insulation resistance was measured for the cables during steam exposure in the test. As a result, all the cables 
passed the acceptance criteria of voltage withstand test prescribed in the JNES Guide. The minimum resistivity 
of the cables during the test at 155 oC was around 108 m, confirming that the cables have a sufficient 
insulation performance. 
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Fig. 1 Comparison of cable type test procedures between the 

IEEJ Recommendation and the JNES Guide.
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Table 1  Names, materials, structures, sizes, and length of the 

tested cables 

Name 
Insulation Nominal 

external 
diameter 

(mm)

Nominal 
conductor 

size 
(mm2)

Number 
of cores 

Nominal 
insulation 
thickness

(mm)

Length 
(m) Jacket

SiR cable
Silicone rubber

12 1.25 3 0.76 2.5 Silicone rubber

FR-EPDM
cable 

Flame-retardant 
ethylene propylene 
diene rubber 11.5 2 3 0.8 2.5 
Chlorosulfonated 
polyethylene
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(1)

60Co 10 kGy/h
14

PWR
7 500 kGy

[10] 2
1,000 kGy

(2)

SA

4 PWR SA
144oC 0.444 MPaG

[11]
155oC 0.444 MPaG

14
4 PWR SA

[11]
DBA [8]

Fig. 2 155oC
24

H3BO3 0.3 % NaOH
Ph 8.5 10.5

[6]
Fig. 3

JIS C 3005: 2000 4.7.1 [13] 3.2.2(2)

3 2 1
100 V 2

Table 2 Conditions of pre-aging and accident test, and results of insulation performance test

Cable name Pre-aging 
period (h) 

Radiation
dose

(kGy) 

Accident 
simulation 

(steam exposure) 

Test 
time 
(h) 

Chemical 
spray

(0-24 h) 

Minimum 
resistivity 

to pass 
the test 
( m)

Voltage 
withstand 

test 
result 

SiR cable 0 1,000 155 oC, 0.444 MPaG 336 Applied 1.3x108 Passed 
5,549 1,000 155 oC, 0.444 MPaG 336 Applied 2.6x108 Passed 

FR-EPDM cable 0 1,000 155 oC, 0.444 MPaG 336 Applied 1.9x108 Passed 
4,003 1,000 155 oC, 0.444 MPaG 336 Applied 1.3x108 Passed 

Fig. 2 Various temperature profiles; 1) steam 

exposure of this study, 2) in a pressure 

containment vessel under the postulated 

severe accident for a four-loop PWR in Japan 

(profile is provided only for 0 - 48 h in [11]) (—), 

3) type test simulating DBA used in previous 

studies (······).
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Fig. 3 SiR and FR-EPDM cables and a steam 

exposure chamber before the steam exposure of 

condition 1 (155 oC, 0.444 MPaG, 336 h). 
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1,500 V

1 [13-15]
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Fig. 4 Fig. 4
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0 h

155oC 108 109 m
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Table 2

JNES 155oC 0.444 MPaG 14
SA SiR

FR-EPDM JNES

108 m
10 m

100 m
106 SiR

FR-EPDM 155oC 0.444 MPaG
14 SA

200 oC 0.43 MPaG
7

SA

SA
SiR FR-EPDM JNES

SA

(a) SiR cable with and without pre-aging                 (b) FR-EPDM cable with and without pre-aging 

Fig. 4.   Electrical resistivity as a function of time, measured under the steam exposure environment of condition 1 with 

temperature (-·-·-) and pressure (-··-··) profiles shown in each graph (155 ºC and 0.444 MPaG for 336 h).
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(1) JNES 155oC 0.444 MPaG 14
SA SiR

FR-EPDM JNES

(2) SiR FE-EPDM
JNES

108 m

(3) SiR FR-EPDM
155oC 0.444 MPaG 14 SA
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